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DEDICATION 

This report is dedicated to Dr. Shields Warren, who died during the past 
year. The many accolades received by Dr. Warren during his illustrious career 
need not be reviewed here. He was a leading authority on the pathological ef- 
fects of ionizing radiation on human beings and was also highly regarded in 
the field of thyroid pathology. He was the first director of the Division of 
Biology and Medicine of the Atomic Energy Commission, and he played an impor- 
tant part in the examinations of the atomic bomb survivors in Japan. 

Following the fallout accident in the Marshall Islands, we turned 
repeatedly to Dr. Warren for advice, particularly concerning the pathological 
aspects of the thyroid lesions. He strongly supported our program and gave 
generously of his time and talents to help us. He reviewed countless sections 
of thyroid tissues from the Marshallese and provided valued opinions. 

Dr. Warren was a dedicated physician, scientist, and educator. His per- 
sonal warmth, enthusiasm, sincerity, and encouragement endeared him to all of 
us. He was a true and loyal friend and we shall sorely miss him. 





PREFACE 

A 20-year r e p o r t  pub l i shed  6 y e a r s  ago ( 1 )  covered i n  d e t a i l  t h e  medical  
f i n d i n g s  i n  t h e  Marsha l l e se  exposed t o  r a d i o a c t i v e  f a l l o u t  i n  1954. The pres-  
e n t  r e p o r t  upda te s  t h e s e  f i n d i n g s  wi th  emphasis on t h e  d a t a  c o l l e c t e d  d u r i n g  
t h e  p a s t  6 yea r s .*  

pea ted .  The r e a d e r  i s  r e f e r r e d  t o  t h a t  r e p o r t  f o r  a review of t o p i c s  such as 
t h e  g e n e r a l  h i s t o r y  of t h e  Marshal l  I s l a n d s ,  p a s t ’ h e a l t h  s t a t u s  of t h e  
Marsha l l e se  people ,  u se  of t h e  i s l a n d s  from 1946 t o  1958 as t h e  P a c i f i c  
proving grounds f o r  t e s t i n g  n u c l e a r  d e v i c e s ,  t he  a c c i d e n t a l  exposure i n  1954 
o f  t h e  people  of Rongelap and U t i r i k  A t o l l s ,  t h e i r  e v a c u a t i o n  and subsequent  
r e t u r n  t o  t h e i r  homes, o r g a n i z a t i o n  of t h e  medical  teams and s u r v e y s ,  r e l a t i o n -  
s h i p  wi th  t h e  Navy and T r u s t  T e r r i t o r y  (TT) governing b o d i e s ,  e t c .  The f ind -  
i ngs  p r e v i o u s l y  r e p o r t e d  i n  d e t a i l  w i l l  on ly  be summarized i n  t h i s  r e p o r t .  

i t e d  by i t s  mandate: t o  observe t h e  people  who had been exposed t o  f a l l o u t  ra- 
d i a t i o n  on Rongelap, A i l ingnae ,  and U t i r i k  A t o l l s  i n  1954 and unexposed compar- 
i s o n  p o p u l a t i o n s ,  and t o  a s c e r t a i n  those  d i s e a s e s  i n  t h e  exposed p o p u l a t i o n  
t h a t  a r e  r e l a t e d  t o  p r i o r  exposure t o  r a d i a t i o n  and i n i t i a t e  a p p r o p r i a t e  t rea t -  
ment f o r  t h e s e  d i s e a s e s .  However, a number of developments have r e s u l t e d  i n  
expansion of t h e  program. F u r t h e r  t hy ro id  a b n o r m a l i t i e s  developed i n  t h e  ex- 
posed Rongelap peop le  and i n  s e v e r a l  exposed U t i r i k  peop le .  An exposed 
Rongelap m a l e  d i e d  of leukemia i n  1972. The exposed Rongelap and Ai l ingnae  
people  who had been p l aced  on t h y r o i d  hormone t r ea tmen t  were n o t  a d h e r i n g  
s t r i c t l y  t o  t h e  t r e a t m e n t  program; as a r e s u l t  many of t hose  who had had thy- 
r o i d  s u r g e r y  showed evidence of reduced t h y r o i d  f u n c t i o n ,  g i v i n g  r ise  t o  con- 
c e r n  t h a t  they might develop c l i n i c a l  hypothyroidism u n l e s s  they complied wi th  
t h e  t r e a t m e n t .  Another important  c o n s i d e r a t i o n  was the  u r g e n t  r e q u e s t  of t h e  
unexposed people  l i v i n g  on Rongelap and U t i r i k  ( n o t  i n  t h e  group r e g u l a r l y  
examined) t o  be g i v e n  annua l  checkups by t h e  BNL medical  team. For t h e  above 
r e a s o n s  a number of s t e p s  have been t a k e n  t o  expand t h e  program. A p h y s i c i a n  
from BNL was s t a t i o n e d  i n  the  Marshal l  I s l a n d s  i n  1972 as r e s i d e n t  p h y s i c i a n .  
H i s  p r i n c i p a l  r e s p o n s i b i l i t i e s  i nc luded  ( a )  mon i to r ing  t h e  t h y r o i d  t r e a t m e n t  
program, ( b )  v i s i t i n g  Rongelap, U t i r i k ,  and B i k i n i  A t o l l s  f o r  h e a l t h  c a r e  pur- 
poses  every 3 t o  4 months, and ( c )  a s s i s t i n g  t h e  TT medical s e r v i c e s  wi th  t h e  
c a r e  of Rongelap and U t i r i k  p a t i e n t s  a t  t h e  h o s p i t a l s  a t  Ebeye and Majuro. 

A Marsha l l e se  n u r s e  was h i r e d  by BNL i n  1 9 7 7  and h a s  been of g r e a t  assis- 
t ance  t o  t h e  r e s i d e n t  p h y s i c i a n .  In  1978 a c l i n i c a l  l a b o r a t o r y  w a s  e s t a b -  
l i s h e d  i n  a t r a i l e r  a t  t h e  Ebeye H o s p i t a l  as  a supplement t o  t h e  h o s p i t a l  labo- 
r a t o r y  t o  a i d  t h e  r e s i d e n t  p h y s i c i a n  i n  making d e f i n i t i v e  d i agnoses .  A medi- 
c a l  t e c h n i c i a n  from BNL h a s  been s t a t i o n e d  i n  t h e  i s l a n d s  s i n c e  1978. 

v i d e d  f o r  examinat ions and heal th  care of a l l  Marsha l l e se  l i v i n g  on Rongelap 
and U t i r i k  by the  BNL medical team a t  the  t i m e  of t h e i r  v i s i t s ;  f o r  t h e  res i -  
d e n t  p h y s i c i a n  t o  a s s i s t  TT medical  pe r sonne l  i n  t h e  care of Rongelap and 

Much of t h e  material  p re sen ted  i n  t h e  20-year r e p o r t  w i l l  n o t  be re- 

The Brookhaven Na t iona l  Laboratory (BNL) Medical Program h a s  been  l i m -  

I n  1976 a n  agreement w a s  formalized between DOE/BNL and t h e  TT which pro- 

*The t h y r o i d  s e c t i o n  (IX) i n c l u d e s  more r e c e n t  d a t a  which became a v a i l a b l e  
j u s t  b e f o r e  p u b l i c a t i o n  of t h i s  r e p o r t .  
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U t i r i k  p a t i e n t s  a t  t h e  h o s p i t a l s  a t  Ebeye and Majuro; and f o r  t h e  TT h e a l t h  
s e r v i c e s  t o  f u r n i s h  personnel  t o  h e l p  wi th  the  examinat ions on Rongelap and 
U t  i r i k .  

I n  o r d e r  t o  determine the  p o s s i b l e  a s s o c i a t i o n  of t hy ro id  tumors wi th  r a -  
d i a t i o n  exposure i n  t h e  U t i r i k  group,  more d a t a  were needed on t h e  inc idence  
of t hy ro id  abnorma l i t i e s  i n  unexposed Marsha l lese  popu la t ions .  Thyroid su r -  
veys (neck p a l p a t i o n s )  were conducted i n  1973 on 192 people  a t  L ik i ep  A t o l l  
and i n  1976 on 162 people  a t  Wotje. I n  a d d i t i o n ,  dur ing  the  p a s t  6 y e a r s ,  
n e a r l y  a l l  t h e  unexposed Rongelap and U t i r i k  people  l i v i n g  on va r ious  a t o l l s  
(more than 900 people)  have been inc luded  i n  t h e s e  examinat ions.  

t o  be a s s o c i a t e d  wi th  r a d i a t i o n  exposure have been g iven  s p e c i a l  a t t e n t i o n .  
Diabe tes  i s  one of t h e  most common d i s e a s e s  i n  t h e  Marsha l l  I s l a n d s ;  i t  i s  
be ing  s t u d i e d  ( s e e  Sec t ion  VII )  i n  the  hope t h a t  h e l p f u l  adv ice  w i l l  be pro- 
v ided  t o  t h e  Marsha l l  I s l a n d s  medical s e r v i c e  group on i t s  n a t u r e  and t r e a t -  
ment. I n t e s t i n a l  p a r a s i t i s m  i s  widespread i n  the  Marshal l  I s l a n d s .  S ince  
1977 a program of d i a g n o s i s  and t r ea tmen t  has  been c a r r i e d  on a t  Rongelap and 
U t i r i k  A t o l l s  ( s e e  Sec t ion  VI).  Other s p e c i a l  s t u d i e s  ( p o s s i b l y  a s s o c i a t e d  
wi th  r a d i a t i o n  exposure)  i n c l u d e  those  on growth and development i n  exposed 
c h i l d r e n  ( s e e  Sec t ion  IV); on d e t e c t i o n  of mutant p r o t e i n s  a s  a p o s s i b l e  index 
o f  g e n e t i c  e f f e c t s  i n  c h i l d r e n  of exposed p a r e n t s ;  and on t h e  frequency of 
i s o l e u c i n e  s u b s t i t u t i o n  i n  hemoglobin a s  a p o s s i b l e  index of somatic mutation 
( s e e  S e c t i o n  V.C.2). 

S ince  low l e v e l s  of r e s i d u a l  r a d i a t i o n  p e r s i s t  on Rongelap, U t i r i k ,  and 
B i k i n i ,  r a d i o l o g i c a l  moni tor ing  of personnel  on t h e s e  i s l a n d s  has  cont inued .  
Urine samples have been rad iochemica l ly  analyzed on about an annual  b a s i s  f o r  
t h e  r a d i o n u c l i d e s  137Cs and 90Sr,  and more r e c e n t l y  f o r  t h e  i s o t o p e s  of Pu. 
In  a d d i t i o n ,  gamma spec t rog raph ic  a n a l y s i s  (whole-body coun t ing )  f o r  137Cs has  
been done a t  i n t e r v a l s .  These examinat ions ,  formerly t h e  r e s p o n s i b i l i t y  of 
t h e  BNL medical  team, have been c a r r i e d  ou t  s i n c e  1975 under  the  d i r e c t i o n  of 
t h e  Sa fe ty  and Environmental  P r o t e c t i o n  D i v i s i o n  of BNL. 

The 20-year r e p o r t  (1) o u t l i n e d  a number of problems a f f e c t i n g  t h e  medi- 
c a l  program i n  t h e  Marsha l l  I s l a n d s .  Some of t h e s e  problems r e l a t e  t o  ca r ry -  
i ng  ou t  t h e  examinat ions ,  such as t h e  language b a r r i e r ,  c u l t u r a l  d i f f e r e n c e s ,  
s c a r c i t y  of demographic d a t a ,  and inadequacy of follow-up medical  c a r e  i n  pa- 
t i e n t s  seen by the  medical  team. C r i t i c i s m s  of t he  BNL medical  program, 
voiced  by some, s t e m  l a r g e l y  from l a c k  of unders tanding  of t h e  l i m i t e d  mandate 
f o r  t he  program. Other problems r e l a t e  t o  t h e  a c c i d e n t ,  t o  misconcept ions and 
f e a r s  of t h e  people  about r a d i a t i o n  e f f e c t s ,  and t o  o b j e c t i o n s  t o  needed con- 
t i n u e d  medical  examinat ions .  I n  t h e  p a s t  5 t o  6 y e a r s  i nc reased  e f f o r t s  t o  
c o r r e c t  misunderstandings among t h e  people  have involved expansion of t h e  
e d u c a t i o n a l  program by d i s c u s s i o n s  a t  v i l l a g e  meet ings and s p e c i a l  l e c t u r e s .  
One member of t h e  team s p e n t  s e v e r a l  weeks on Rongelap and U t i r i k  f o r  t h i s  pur- 
pose ,  and t h i s  w a s  g r e a t l y  a p p r e c i a t e d .  The n e c e s s i t y  of aga in  removing the  
B i k i n i  people  from t h e i r  home i s l a n d  i n  1979 because of unexpectedly h igh  
r a d i o a c t i v i t y  l e v e l s  i n  t h e  food c rops  w a s  un fo r tuna te .  Misunderstandings 
have a r i s e n  concerning b i l l s  f o r  compensation and h o s p i t a l  b e n e f i t s  ( t r a v e l  
payments, e t c . )  f o r  t h e  exposed people .  The Burton B i l l  passed by Congress 
charges  t h e  Department of t h e  I n t e r i o r  with development of a p l a n  f o r  d e l i v e r y  
of h e a l t h  care t o  Marsha l lese  a f f e c t e d  by f a l l o u t .  

AS p a r t  of t h e  expanded medical program c e r t a i n  o t h e r  d i s e a s e s  n o t  found 
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With t h e  w r i t i n g  of t h i s  r e p o r t  I am ending 26 y e a r s  of a f f i l i a t i o n  wi th  
t h i s  program. During the  p a s t  y e a r ,  s i n c e  my r e t i r e m e n t  i n  1979,  I have a c t e d  
a s  Consu l t an t  t o  D r s .  H. P r a t t  and E.P. C ronk i t e ,  my successo r s .*  This  has 
been a most g r a t i f y i n g  and s t i m u l a t i n g  expe r i ence  f o r  me and I am happy t h a t  
we have been a b l e  t o  c o n t r i b u t e  t o  the  medical e v a l u a t i o n  and h e a l t h  c a r e  of 
t hese  people and h e l p  expand the knowledge of r a d i a t i o n  e f f e c t s  i n  human 
beings.  In  s p i t e  of c r i t i c i s m  and misunders tandings  I am convinced t h a t  t h e  
Marsha l l e se  people have b a s i c a l l y  maintained s t r o n g  f e e l i n g s  of f r i e n d s h i p  and 
r e s p e c t  f o r  t h e  medical team, and I p e r s o n a l l y  am most g r a t e f u l  t o  them f o r  
t h i s  and b e l i e v e  t h a t  they know t h e s e  f e e l i n g s  a r e  mutual.  

f i r s t - r a t e  p h y s i c i a n s  and t e c h n i c i a n s  i n c l u d i n g  those from the  T r u s t  T e r r i -  
t o r y .  My h e a r t f e l t  thanks t o  them a l l .  Also t h e  program could  n o t  have been 
c a r r i e d  out  wi thout  the  s taunch  support  of people a t  Brookhaven Na t iona l  Labo- 
r a t o r y ,  t h e  Departments of Energy and I n t e r i o r ,  t h e  T r u s t  T e r r i t o r y ,  t h e  Army 
a t  Kwajalein,  and o t h e r s ,  t o  whom I a m  most g r a t e f u l .  

With t h e  f u r t h e r  development of t hy ro id  a b n o r m a l i t i e s  and t h e  p o s s i b i l -  
i t y  t h a t  o t h e r  l a t e  e f f e c t s  of r a d i a t i o n  may appea r ,  i t  i s  impera t ive  t h a t  the  
s p e c i a l  medical examinat ions  and h e a l t h  c a r e  of t h e s e  people be cont inued .  I 
s t a n d  ready t o  h e l p  my successo r s  i n  any way t h a t  I can. 

c e r e l y  hope t h a t  wi th  the  g r e a t e r  awareness of the need f o r  improved medical 
c a r e  i n  t h e  I s l a n d s  by t h e  new Marsha l lese  Government and t h e  U.S . ,  t h e  f u t u r e  
w i l l  be b r i g h t e r  f o r  b e t t e r  c a r e  of t h e s e  people .  

We have been most f o r t u n a t e  i n  o b t a i n i n g  t h e  d e d i c a t e d  h e l p  of many 

The Marsha l l  I s l a n d s  a r e  e n t e r i n g  an e r a  of widespread change, and I s i n -  

Robert  A. Conard, M.D. 

*On June 1, 1981, D r .  Wil l iam H. Adams (from Texas Tech Academic Heal th  Cen- 
t e r ,  E l  Paso) came t o  BNL t o  t ake  charge of t h e  program. 
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I. INTRODUCTION 

/ \  

A. Background 

I n  March 1954, an event  a s  unprecedented a s  i t  was u n f o r t u n a t e  occurred 
i n  the  C e n t r a l  P a c i f i c .  Rad ioac t ive  d e b r i s  from a thermonuclear weapon t e s t  
a t  B i k i n i  A t o l l  d e v i a t e d  from p r e d i c t e d  t r a j e c t o r i e s  and contaminated s e v e r a l  
a t o l l s  i n  the  n o r t h e r n  Marshal l  I s l a n d s .  A s  a r e s u l t ,  239 n a t i v e  i n h a b i t a n t s  
of t hese  i s l a n d s  along with 28 American servicemen and 23 Japanese fishermen 
r ece ived  v a r i a b l y  seve re  exposures  t o  d i v e r s e  i o n i z i n g  r a d i a t i o n s .  F a l l o u t  ma- 
t e r i a l  c o n s i s t e d  l a r g e l y  of mixed f i s s i o n  products  with s m a l l  amounts of neu- 
tron-induced r a d i o n u c l i d e s  and minimal amounts of f i s s i o n a b l e  e l emen t s ,  pro- 
ducing a complex spectrum of e l e c t r o m a g n e t i c  and p a r t i c u l a t e  r a d i a t i o n .  Ind i -  
v i d u a l s  were exposed t o  deeply p e n e t r a t i n g ,  whole-body gamma i r r a d i a t i o n ,  t o  
i n t e r n a l  r a d i a t i o n  emi t te rs  a s s i m i l a t e d  e i t h e r  by i n h a l a t i o n  o r  by i n g e s t i o n  
of contaminated water and food, and t o  d i r e c t  r a d i a t i o n  from m a t e r i a l  accumu- 
l a t i n g  on body s u r f a c e s .  

That t r a g i c  a c c i d e n t  i n i t i a t e d  a cascade of e v e n t s ,  med ica l ,  s o c i a l  and 
p o l i t i c a l ,  which con t inue  i n  va ry ing  forms t o  t h i s  day. Most of t h e s e  have 
been d i s c u s s e d  i n  the  open medical l i t e r a t u r e  and i n  p e r i o d i c  r e p o r t s  i s sued  
by the  medical  team headquar t e red  a t  Brookhaven N a t i o n a l  Laboratory.  This  re- 
p o r t  a t t empt s  t o  summarize some of the  p r i n c i p a l  f i n d i n g s  of medical  s i g n i f i -  
cance t h a t  have been observed during the  subsequent 26 y e a r s  with p a r t i c u l a r  
emphasis on the  l a s t  s i x  yea r s .  

posed Marsha l l e se  and o b s e r v a t i o n  f o r  d e t e c t i o n  of p o t e n t i a l  r a d i a t i o n  e f f e c t s  
have been i n e x t r i c a b l y  bound t o  complex s o c i o l o g i c a l  and p o l i t i c a l  cons ide r -  
a t i o n s ,  mentioned i n  the  Preface.  The body of t he  p r e s e n t  r e p o r t ,  however, 
w i l l  be confined t o  medical  obse rva t ions  on the  exposed Marsha l l e se .  A 25- 
year  summary of the  f i n d i n g s  i n  t h e  Japanese fishermen i s  p r e s e n t e d  i n  Appen- 
d i x  V I I .  Following the  1954 examinat ions of t he  American servicemen, they 
w e r e  r e t u r n e d  t o  the  custody of t he  U.S. Army and have no t  been examined by 
the  medical  team s i n c e  t h a t  t i m e .  Expanded p r e s e n t a t i o n s  of c e r t a i n  a s p e c t s  
of  t h e s e  s t u d i e s  can be found i n  the 20-year report  (l), which i s  a comprehen- 
s i v e  review,  and i n  p rev ious  annual  r e p o r t s  (2-131, as w e l l  a s  i n  open l i t e r a -  
t u r e  r e p o r t s  (14-39). 

Because of the  unique n a t u r e  of t h e  i n c i d e n t ,  med ica l  c a r e  of t he  ex- 

B. The Accident 

I n  the  e a r l y  morning of 1 March 1954, a thennonuclear  dev ice  code-named 
Bravo w a s  detonated on a tower a t  B i k i n i  A t o l l  as p a r t  of t h e  Opera t ion  Cast le  
n u c l e a r  weapons t e s t  ser ies .  The energy y i e l d  o f  t h i s  expe r imen ta l  d e v i c e  
exceeded p r e d i c t i o n s ,  and sudden wind s t r u c t u r e  a l t e r a t i o n s  s e n t  t he  r e s u l t a n t  
c loud of r a d i o a c t i v e  d e b r i s  unexpectedly eastward r a t h e r  than over  open s e a s  
t o  the  n o r t h .  

Marsha l l e se  i n h a b i t i n g  Rongelap, A i l ingnae ,  and U t i r i k  A t o l l s  and a 
group of American servicemen on Rongetik A t o l l  were caught w i t h i n  the  downwind 
f a l l o u t  f i e l d  f o r  two t o  t h r e e  days b e f o r e  they could be evacuated t o  
Kwajalein A t o l l  by Navy u n i t s .  In a d d i t i o n ,  t h e  Japanese f i s h i n g  v e s s e l ,  
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Fukuryu Maru - 5 ,  w i th  23 crew members, w a s  exposed 80 m i l e s  e a s t  of B i k i n i  ( s e e  
Appendix V I ) .  

A f t e r  e x t e n s i v e  decontaminat ion procedures ,  exposed i n d i v i d u a l s  were ob- 
served c l o s e l y  f o r  two months (and a t  f r e q u e n t  i n t e r v a l s  t h e r e a f t e r )  by spe- 
c i a l  medical  teams assembled a t  t he  Kwajalein Naval Base, then were r e s e t t l e d  
i n  o t h e r  i s l a n d s  of the  Marsha l l s  group. Medical problems t h a t  a r o s e  were 
t r e a t e d  on an i n d i v i d u a l  b a s i s  as c l i n i c a l l y  i n d i c a t e d .  

C. E a r l y  C l i n i c a l  E f f e c t s  

A more d e t a i l e d  summarization of symptoms and c l i n i c a l  f i n d i n g s  i n  t h e  

Nausea occurred w i t h i n  48 hours  i n  two-thirds  of those on Rongelap, t h e  
immediate postexposure pe r iod  i s  con ta ined  i n  t h e  20-year r e p o r t  (1). 

most h e a v i l y  exposed group,  with vomit ing and d i a r r h e a  i n  10%. 
none of those on U t i r i k  ( t h e  leas t  exposed group) and only 5% of those on 
Ail ingnae (wi th  i n t e r m e d i a t e  exposures )  expe r i enced  nausea.  

i r r i t a t i o n  and i t c h i n g ;  about one-fourth of t h i s  group a l s o  had eye i r r i t a -  
t i o n .  
exposure t o  high-energy b e t a  emi t t e r s ,  s i n c e  most o f  t he  a f f e c t e d  s u b j e c t s  
l a t e r  developed e p i l a t i o n  and a few developed c o n j u n c t i v i t i s .  Some of these 
symptoms may have been aggravated by the  c a u s t i c  e f f e c t s  of t h e  h i g h l y  a lka -  
l i n e  calcium ox ides  produced by f i r e b a l l  v a p o r i z a t i o n  of t he  c o r a l  i s l a n d .  
Dermal e f f e c t s  were most pronounced on t h e  s c a l p ,  neck, d o r s a  of t h e  f e e t ,  
a x i l , l a e ,  and a n t e c u b i t a l  f o s s a e .  The s e v e r i t y  of s k i n  l e s i o n s  i n  each group 
of people  appeared t o  be p r o p o r t i o n a l  t o  t h e  amount of f a l l o u t  m a t e r i a l  ob- 
served on t h e i r  a t o l l .  On Rongelap, f a l l o u t  w a s  desc r ibed  as s i m i l a r  t o  
snowfa l l ,  and i t  a c t u a l l y  whitened the  h a i r  and adhered t o  the  s k i n .  P a r t i a l  
e p i l a t i o n  began w i t h i n  two weeks and e v e n t u a l l y  a f f e c t e d  h a l f  of t h i s  group. 
A less  dense,  powdery m i s t  f e l l  on Ai l ingnae  and Rongerik,  and dermal e f f e c t s  
t h e r e  w e r e  less e v i d e n t ,  e p i l a t i o n  beginning i n  t h r e e  weeks and a f f e c t i n g  <20% 
of the  people.  On U t i r i k ,  t h e  f a l l o u t  d e b r i s  w a s  not  v i s i b l e ,  and no s k i n  le-  
s i o n s  o r  e p  il a t  i o n  deve loped.  

S ince  p e r i p h e r a l  blood changes a r e  among the  most s e n s i t i v e  and r e l i a b l e  
c l i n i c a l  i n d i c a t o r s  of r a d i a t i o n  damage, t h e s e  w e r e  s t u d i e d  c l o s e l y .  S i g n i f i -  
can t  hemogram a l t e r a t i o n s  soon became appa ren t  among t h e  more h e a v i l y  exposed 
s u b j e c t s ,  both on an i n d i v i d u a l  b a s i s  and i n  comparison wi th  mean va lues  f o r  
nonexposed Marsha l l e se  c o n t r o l s  grouped accord ing  t o  sex and f ive -yea r  age in-  
t e r v a l s  ( s e e  S e c t i o n  111). In  the  Rongelap p o p u l a t i o n ,  a b s o l u t e  n e u t r o p h i l  
counts  i n  a l l  age groups f e l l  20 t o  30% d u r i n g  the  second postexposure week 
and 50% by the  f i f t h  week, g r a d u a l l y  r e t u r n i n g  t o  normal a f t e r  one yea r .  Lym- 
phocyte counts  dropped r a p i d l y  t o  about one-half a d u l t  c o n t r o l  v a l u e s  by t h e  
t h i r d  day. By two y e a r s  they w e r e  n e a r l y  normal. Maximum lymphocyte depres-  
s i o n s  were even g r e a t e r  (25% of c o n t r o l  means) i n  the  younger age groups,  who 
g e n e r a l l y  e x h i b i t e d  more profound hematologic  e f f e c t s  than the  a d u l t s .  
P l a t e l e t  counts  reached a low of about one-third c o n t r o l  l e v e l s  du r ing  t h e  
f o u r t h  post-exposure week and e v e n t u a l l y  r e q u i r e d  more than two y e a r s  t o  re- 
t u r n  t o  normal. No s i g n i f i c a n t  changes occur red  i n  hematoc r i t  o r  red blood 
c e l l  coun t s .  

By c o n t r a s t ,  

About one-fourth of those on Rongelap and Ail ingnae complained of s k i n  

These symptoms were q u i t e  probably r ad ia t ion - induced ,  most ly  by d i r e c t  
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S i m i l a r  but  less seve re  hematologic a l t e r a t i o n s  were observed i n  the  
group r e c e i v i n g  i n t e r m e d i a t e  r a d i a t i o n  doses on Ai l ingnae ,  whereas t h e  low- 
exposure group on U t i r i k  d i d  not develop s i g n i f i c a n t  a l t e r a t i o n s  of any blood 
elements  excep t  f o r  a s l i g h t  t r a n s i e n t  dep res s ion  o f  p l a t e l e t s  noted only on 
a n a l y s i s  of t he  e n t i r e  popu la t ion  a t  fou r  weeks post-exposure.  

Desp i t e  thrombocytopenia and neu t ropen ia  i n  the  h e a v i l y  i r r a d i a t e d  
group, b l eed ing  t endenc ie s  and inc reased  s u s c e p t i b i l i t y  t o  i n f e c t i o n  were not  
observed. Even du r ing  t h e  n a d i r  of n e u t r o p e n i a ,  i n d i v i d u a l s  were s t i l l  a b l e  
t o  respond t o  an ou tb reak  of upper r e s p i r a t o r y  i n f e c t i o n s  by i n c r e a s i n g  leuko- 
c y t e  ou tpu t s .  C l i n i c a l  s eque lae  of t hese  hematologic  e f f e c t s  were not  ob- 
served except  f o r  one f a t a l  case of a c u t e  m y e l o b l a s t i c  leukemia i n  1972 i n  a 
young man who w a s  one yea r  o l d  a t  the  t i m e  of exposure.  T h i s  may w e l l  r ep re -  
s e n t  a long-term hematologic  e f f e c t  of r a d i a t i o n .  

a 

D. Dosimetr ic  Eva lua t ion  

1. E a r l y  Rad ia t ion  

A number of c a v e a t s  should be a p p l i e d  t o  i n t e r p r e t a t i o n  of c e r t a i n  d a t a  
w i t h i n  t h i s  and p rev ious  r e p o r t s .  These apply p r i n c i p a l l y  t o  r a d i a t i o n  dose 
e s t i m a t e s  and d o s e l e f f e c t  c o r r e l a t i o n s ,  e s p e c i a l l y  r ega rd ing  r a d i a t i o n  induc- 
t i o n  of t h y r o i d  neoplasms as d i scussed  i n  S e c t i o n  1 X . C .  1. 

u n a n t i c i p a t e d  p r o p o r t i o n s ,  d a t a  a c q u i s i t i o n  was n e c e s s a r i l y  secondary t o  
e x i g e n c i e s  of evacua t ion ,  decontaminat ion,  and c a r e  of those a f f e c t e d .  Fur- 
t h e r ,  t he  t a s k  f o r c e  was unprepared f o r  g a t h e r i n g  e x t e n s i v e  dosimetry d a t a  o r  
ana lyz ing  radiochemical  c h a r a c t e r i s t i c s  of t he  f a l l o u t  i n  the  a c t u a l  a r e a s  of 
d e p o s i t i o n ,  s i n c e  these  were q u i t e  remote from the  a r e a s  p r e d i c t e d .  

Since t h e  i n i t i a l  i n c i d e n t  c r e a t e d  an emergency of u n p a r a l l e l e d  and 

Accurate  dosimetry w a s  h inde red  by a l a r g e  number of v a r i a b l e s :  
1. Rad ia t ion  monitor ing teams and equipment were concen t r a t ed  a t  a d i s -  

tance i n  a r e a s  of p r e d i c t e d  f a l l o u t ,  and no mon i to r ing  pe r sonne l  were i n  t h e  
v i c i n i t y  o f  the  a t o l l s  a c t u a l l y  a f f e c t e d .  

be e s t i m a t e d  on ly  by v i s u a l  observa t ions  of t h e  p a r t i c u l a t e  d e b r i s ,  by the re- 
co rde r  of a s i n g l e  low-level gamma d e t e c t o r  a t  the  weather s t a t i o n  on 
Rongerik,  and by c a l c u l a t i o n s  based on m e t e o r o l o g i c a l  d a t a  and f a l l o u t  p red ic -  
t i o n  models. 

3. Actual  gamma dose-rate  measurements on each i s l a n d  w e r e  made by 
ANPDRI39A survey meters but  not  u n t i l  t he  times of evacua t ion ,  50 t o  78 hours  
a f t e r  t he  de t o n a t  i o n .  

t hose  of i od ine  (1331, 1341, 1351) w e r e  not o b t a i n a b l e .  

quent  product ion of l o c a l i z e d  c o n c e n t r a t i o n s  of s p e c i f i c  r a d i o i s o t o p e s  was 
a l s o  not measurable .  

p roduc t  f a l l o u t  produced g a m a  energy peaks i n  t h e  r eg ions  o f  0.1, 0.7,  and 
1.5 M e V ,  v a r i a b l y  a f f e c t i n g  mid l ine  depth doses .  

7 .  The d i s t r i b u t i o n  of f a l l o u t  d e b r i s  on t h e  ground, r o o f s ,  t rees ,  and 
body s u r f a c e s  produced an exposure geometry u n l i k e  any experienced p r e v i o u s l y  

2.  The t i m e  of a r r i v a l  of f a l l o u t  a t  each p o i n t  and i t s  d u r a t i o n  could 

4. Q u a n t i t a t i v e  measurements o f  s h o r t - l i v e d  r a d i o i s o t o p e s ,  e s p e c i a l l y  

5. The p o s s i b i l i t y  of chemical f r a c t i o n a t i o n  w i t h i n  the  cloud and conse- 

6 .  The complex r a d i a t i o n  s p e c t r a  of i s o t o p e s  comprising mixed f i s s i o n  
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and r equ i r ed  upward es t imates  of mid l ine  depth doses (by about 50%) when com- 
pared with the  same a i r  doses  mon i to r ing  b i l a t e r a l  narrow-beam 
r a d i o t h e r a p e u t i c  exposures .  

goon, e t c . ,  could n o t  be e s t ima ted  f o r  each i n d i v i d u a l ;  t h i s  n e c e s s i t a t e d  as- 
signment of a common whole-body r a d i a t i o n  dose e s t i m a t e  t o  each popu la t ion .  

9. E s t i m a t e s  of i n t e r n a l l y  depos i t ed  r a d i o i s o t o p e s  were based on a s s a y s  
of pooled u r i n e  specimens ob ta ined  two weeks a f t e r  the  a c c i d e n t  and on i n d i v i d -  
u a l  24-hour u r i n e  c o l l e c t i o n s  ob ta ined  between one and seven weeks a f t e r  expo- 
s u r e .  

Rad ia t ion  doses t h u s  are not d i r e c t  measurements but  are es t imates  de- 
r i v e d  from a l l  sou rces  a v a i l a b l e  a t  the  t i m e  and subsequen t ly  developed ( s e e  
Dose Assessment, Appendix 11). 

Figure  1 p r e s e n t s  i s o p l e t h s  of e s t ima ted  gamma doses t h r e e  f e e t  i n  a i r  
( n e g l e c t i n g  sea water  d i l u t i o n )  i n t e g r a t e d  over t he  96-hour pe r iod  fol lowing 
the  Bravo d e t o n a t i o n .  Desp i t e  t he  r e l a t i v e  c o n s i s t e n c y  of dose estimates,  t h e  
a c t u a l  va lues  de r ived  are s u b j e c t  t o  some u n c e r t a i n t y ,  p a r t i c u l a r l y  f o r  doses 
due t o  i n t e r n a l  d e p o s i t i o n ,  and, t hese  u n c e r t a i n t i e s  m u s t  be cons ide red  when 
e v a l u a t i n g  p o t e n t i a l  b i o l o g i c a l  e f f e c t s .  

For example, t he  r e c e n t  i n c r e a s e  i n  i n c i d e n c e  of t hy ro id  neoplasms i n  
the  l e a s t  exposed popu la t ion  ( U t i r i k )  raises a d d i t i o n a l  p o s s i b i l i t i e s  of chemi- 
c a l  f r a c t i o n a t i o n  w i t h i n  the r a p i d l y  r i s i n g ,  coo l ing  f i r e b a l l  w i t h  r e s u l t a n t  
non-uniform d e p o s i t i o n  of s p e c i f i c  r a d i o n u c l i d e s  as "hot s p o t s "  w i t h i n  t h e  
f a l l o u t  p a t t e r n ,  a phenomenon w e l l  documented i n  o t h e r  n u c l e a r  weapon t e s t s  
(40 ) .  

land popu la t ions  (Tab le  11, b u t  i n d i v i d u a l  doses  w i t h i n  each group are ob- 
v i o u s l y  s u b j e c t  t o  broad v a r i a t i o n  ( s e e  Appendix I1 and S e c t i o n  1x1. This  i s  
e s p e c i a l l y  p e r t i n e n t  i n  r ega rd  t o  e s t ima ted  t h y r o i d  doses ,  s i n c e  these  a r e  a 
r e s u l t  of a number of imprec i se ly  d e f i n a b l e  v a r i a b l e s .  Th i s  is  e x e m p l i f i e d ,  
f o r  example, by t h e  appearance of growth r e t a r d a t i o n  secondary t o  s e v e r e  
hypothyroidism i n  some c h i l d r e n  belonging t o  a group presumed t o  have t h y r o i d  
doses approximating 1150 r a d s ,  w e l l  below the  known l e v e l  f o r  t h y r o i d  
ab 1 a t ion .  

8. P o s s i b l e  e f f e c t s  of l o c a t i o n ,  c l o t h i n g ,  s h i e l d i n g ,  b a t h i n g  i n  t h e  la -  

For r e p o r t  purposes ,  c e r t a i n  d o s i m e t r i c  v a l u e s  have been a s s igned  t o  is- 

Table  1. Estimated r a d i a t i o n  doses i n  exposed popu la t ions .  

Est imated t h y r o i d  dose (rem) 
by age a t  exposure 

Numb e r Est imated whole-body 
A t o l l  a f f e c t e d *  gamma dose (rem) < l o  y r  10-18 y r  >18 y r  

Ronge 1 ap 67 
Ai l ingnae  19 
U t  i r i k  163 

175 
69 
14 

810-1 800 334-810 335 
275-450 190 135 

60-95 30- 60 30 

*Includes i n  u t e r o  exposures  ( 3  on Rongelap, 1 on Ai l ingnae ,  and 6 on U t i r i k ) .  -- 

A 
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Figure 1. Approximate gamma dose rates (roentgens per hour) at 3 feet above 
the ground, one day after the detonation. From Glasstone ( 4 0 ) .  

2. Residual Radiation 

To assess potential effects of low-level residual radiation persisting 
on Rongelap, Utirik, and Bikini, periodic monitoring of the inhabitants of 
these atolls as well as samples of native flora, fauna, soil, and marine life 
were performed. These studies are discussed in Section X and Appendix 11. 

E. Data Evaluation 

Reevaluations of dose estimates are planned or under way using more so- 
phisticated technology and computer methods currently available, and it is pos- 
sible dose estimates may be increased. In the meantime the dose calculations 
previously developed will continue to be used. 

While quantitative variations in dose estimates have an obvious impact 
on doseleffect correlations, other considerations are equally important in 
these studies, especially regarding radiation induction of thyroid neoplasms 
(caveats regarding thyroid dose estimates are discussed in Section IX and Ap- 
pendix 11). 

have classically been derived for malignant tumors of specific organ systems. 
Risk probabilities for development of neoplasms secondary to radiation 
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This  approach may be an o v e r s i m p l i f i c a t i o n  with the  t h y r o i d ,  however, s i n c e  
t h y r o i d  neoplasms may show many morphologic f e a t u r e s  of malignancy y e t  behave 
c l i n i c a l l y  i n  a benign f a sh ion .  F u r t h e r ,  c e r t a i n  t h y r o i d  tumors may have iden- 
t i c a l  g r o s s  and microscopic  morphology, y e t  e x h i b i t  t o t a l l y  d i f f e r e n t  c l i n i c a l  
p r o g r e s s i o n s .  Thus, t h e  most important  p r o g n o s t i c  f e a t u r e  i n  t h y r o i d  malig- 
nanc ie s  is considered by many t o  be age of onse t  r e g a r d l e s s  of pa tho log ic  char-  
a c t e r i s t i c s  (41-45) .  

and c l i n i c i a n s  i n  r ega rd  t o  a uniform c l a s s i f i c a t i o n  of t h e s e  l e s i o n s .  
C l e a r l y ,  t he  term "cancer" i s  a misnomer, imprecise  and o f t e n  mis l ead ing ,  and 
i t  should be abo l i shed  from t h y r o i d  nomenclature.  Even d e s i g n a t i o n s  of benign 
vs malignant  must be used c i r cumspec t ly  with p rope r  a t t e n t i o n  a p p l i e d  t o  c l i n i -  
c a l  v s  p a t h o l o g i c a l  c o n n o t a t i o n s ,  s i n c e  the  c o r r e l a t i o n s  may be tenuous a t  
b e s t .  

Accordingly,  t h e r e  is an unde r s t andab le  d ive rgence  among p a t h o l o g i s t s  

n 
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11. GENERAL MEDICAL SURVEYS 

A. Background 

Following g r a d u a l  r e s o l u t i o n  of e a r l y  r a d i a t i o n  e f f e c t s  i n  exposed 
Marsha l l e se ,  a program f o r  t h e i r  con t inu ing  c a r e  and o b s e r v a t i o n  was in-  
s t i t u t e d  under the  a e g i s  of the  Atomic Energy Commission. A medical  team, 
headquartered a t  Brookhaven Na t iona l  Laboratory and supplemented by a n a t i o n a l  
co rps  of c o n s u l t a n t s ,  has  cont inued t o  implement the program under the  aus- 
p i c e s  of t h e  AEC and i t s  descendant agenc ie s  ( t h e  Energy Research and Develop- 
ment Admin i s t r a t ion  and the  Department of Energy) wi th  c o o p e r a t i v e  suppor t  
from the  Departments of Defense and I n t e r i o r  ( T r u s t  T e r r i t o r y  of t he  P a c i f i c  
I s l a n d s ) .  

From i t s  i n c e p t i o n ,  t he  primary o b j e c t i v e  of the  Marsha l l  I s l a n d s  pro- 
gram was the  e a r l y  d e t e c t i o n  and t r ea tmen t  of any medical  c o n d i t i o n s  t h a t  
might evolve as a consequence of the  r a d i a t i o n  exposures .  Such an o b j e c t i v e  
r e q u i r e d  a l o n g i t u d i n a l  p r o s p e c t i v e  follow-up s tudy  of exposed i n d i v i d u a l s  
a long with an a p p r o p r i a t e  c o n t r o l  popu la t ion .  Both s c i e n t i f i c  and humanitar-  
i a n  c o n s i d e r a t i o n s  d i c t a t e d  e s t ab l i shmen t  of a f i e l d  c a p a b i l i t y  f o r  adminis- 
t e r i n g  p e r i o d i c  primary medical c a r e  with some mechanism a v a i l a b l e  f o r  second- 
a r y  and t e r t i a r y  r e f e r r a l .  

I n  i t s  p r a c t i c a l  a p p l i c a t i o n ,  s e v e r a l  unique problems c o n t r i b u t e d  t o  t h e  
complexi ty  of t h i s  program. A s  noted i n  the  I n t r o d u c t i o n ,  t he  Marsha l l e se  
were exposed t o  a h i g h l y  complex spectrum of r a d i a t i o n s  under source condi- 
t i o n s  t h a t  were u n l i k e  any g e n e r a l l y  experienced i n  p rev ious  r a d i o t h e r a p e u t i c ,  
a c c i d e n t ,  o r  war fa re  s i t u a t i o n s .  Dosimetry, t h e r e f o r e ,  became more a m a t t e r  of 
e s t i m a t i o n  than p r e c i s i o n ,  e s p e c i a l l y  i n  regard t o  s p e c i f i c  i n d i v i d u a l s  ( 2 ) .  
Accurate  assessment  of r i s k s ,  morb id i ty ,  and m o r t a l i t y  was complicated s t a t i s -  
t i c a l l y  by a number of problems. The s i z e s  of the  exposed popu la t ions  were 
s m a l l .  Data on the  i n c i d e n c e s  of v a r i o u s  d i s e a s e s  i n  Micronesia  were meager 
o r  non-ex i s t en t ,  and v i t a l  s t a t i s t i c s  were u n r e l i a b l e  because of t h e  l a c k  of 
a c c u r a t e  record keeping i n  the  i s l a n d s .  It  was t h e r e f o r e  necessa ry  t o  i n c l u d e  
an unexposed comparison popu la t ion  ( ' ' con t ro l  group") i n  o r d e r  t o  e v a l u a t e  
b e t t e r  the f i n d i n g s  i n  the exposed popu la t ions .  D i f f i c u l t i e s  assoc ia ted  w i t h  
t hese  groups are d i scussed  below. I n  a d d i t i o n  t o  the  above problems, geo- 
g r a p h i c ,  l o g i s t i c ,  c u l t u r a l ,  and p o l i t i c a l  c o n s i d e r a t i o n s  c o n t i n u a l l y  in-  
f luenced implementation of c e r t a i n  a s p e c t s  of t h e  program. 

i n g s  t h a t  could r easonab ly  be r e l a t e d  t o  r a d i a t i o n  (1,131. Cutaneous s c a r r i n g  
and depigmentat ion were t h e  only r e s i d u e  of b e t a  b a r n s ,  and no evidence of 
s k i n  malignancy appeared. Exposed Rongelap women may have had an inc reased  in- 
c idence  o f  spontaneous a b o r t i o n s ,  and some c h i l d r e n  e x h i b i t e d  growth r e t a r d a -  
t i o n .  P e r i p h e r a l  blood elements remained minimally below comparison means f o r  
about f i v e  y e a r s ,  and some chromosomal d e f e c t s  were d e t e c t e d .  

I n  the  second decade,  the  development of hypothyroidism and t h y r o i d  
nodules  i n  a s i g n i f i c a n t  number of i n d i v i d u a l s  and the  occur rence  of a f a t a l  
case of a c u t e  myelogenous leukemia he ra lded  the  p o s s i b l e  o n s e t  of s e r i o u s  l a t e  
i r r a d i a t i o n  sequelae.  Aspects of t hese  f i n d i n g s  have been r e p o r t e d  p r e v i o u s l y  
(1,33), and some are d i scussed  i n  g r e a t e r  d e t a i l  i n  S e c t i o n  V I I 1 . A .  Aside 
from t h e s e  problems, the  g e n e r a l  h e a l t h  of t he  exposed Marsha l l e se  appeared t o  

I n  the  f i r s t  decade fo l lowing  the  a c c i d e n t ,  t h e r e  were few c l i n i c a l  f i nd -  
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be no d i f f e r e n t  from t h a t  of the  comparison popula t ions .  The inc idences  and 
types  of d i s e a s e s  a f f e c t i n g  a l l  groups were s i m i l a r ,  and t h e r e  was no c l e a r  ev- 
idence of a c c e l e r a t e d  ag ing  o r  c a t a r a c t  format ion ,  of decreased  longev i ty ,  in-  
c reased  m o r t a l i t y ,  o r  i nc reased  inc idence  of malignancy ( o t h e r  than t h y r o i d ) .  

B. Methods 

1. Procedures  

Extended f i e l d  t r i p s  f o r  g e n e r a l  examinat ions were made a t  l e a s t  annu- 
a l l y ,  and more f r e q u e n t l y  dur ing  c e r t a i n  p e r i o d s ,  fo l lowing  t h e  acc iden t .  For 
major f i e l d  surveys ,  t he  medical  team u s u a l l y  c o n s i s t e d  of a dozen technologi -  
c a l  suppor t  personnel  and fou r  t o  s i x  phys i c i ans ,  i nc lud ing  an e x p e r t  thyro id-  
o l o g i s t ,  a hemato logis t  and a p e d i a t r i c i a n  when p o s s i b l e ,  and sometimes a gyne- 
c o l o g i s t  and a d e n t i s t .  During the  p a s t  s i x  yea r s ,  a phys i c i an  and a technolo-  
g i s t  i n  fu l l - t ime  r e s idence  i n  Kwajalein have at tempted t o  make q u a r t e r l y  
v i s t s  t o  hold gene ra l  s i c k  c a l l ,  t o  conduct follow-up e v a l u a t i o n s  of cont in-  
uing problems, and t o  promote gene ra l  h e a l t h  c a r e  and educa t ion  among t h e  
populace.  

t i o n  group. Many are now congregated a t  t h e  m a j o r  popu la t ion  cen te r s :  Majuro 
( t h e  T r u s t  T e r r i t o r y  D i s t r i c t  Cen te r )  and Ebeye I s l a n d  i n  Kwajalein A t o l l .  
Medical f a c i l t i e s  e s t a b l i s h e d  on t hese  i s l a n d s  by Brookhaven Nat iona l  Labora- 
t o r y  included two l a r g e  t r a i l e r s  which provided semipermanent q u a r t e r s  f o r  
p h y s i c a l ,  x-ray, and l a b o r a t o r y  examinat ions.  Add i t iona l  suppor t  was a v a i l -  
a b l e  from nearby T r u s t  T e r r i t o r y  h o s p i t a l s .  The o u t e r  i s l a n d s ,  i nc lud ing  
Rongelap and U t i r i k ,  n e c e s s i t a t e d  sh ipborne  su rveys ,  s i n c e  they were essen-  
t i a l l y  i n a c c e s s i b l e  by a i r .  During the  p a s t  s i x  y e a r s ,  two c h a r t e r e d  v e s s e l s  
were modif ied t o  t r a n s p o r t  t he  e n t i r e  medical  team and t o  provide  on-board ex- 
aminat ion f a c i l i t i e s  and equipment f o r  o u t e r  i s l a n d  surveys .  These were sup- 
plemented by t r a i l e r s  and B u t l e r  b u i l d i n g s  on some i s l a n d s .  

Table  1 shows the  c u r r e n t  l o c a t i o n s  of va r ious  members of t h e  examina- 

Table  1. Loca t ions  of Marsha l l  I s l a n d s  groups under s tudy ,  1979. 

Group R U E M K L W Other  T o t a l  

Rongelap + A i l i n g i n a e  
Rongelap unexposed 
U t i r i k  exposed 
U t i r i k  unexposed 
B ik in i  
Wotje 
L ik iep  

T o t a l  

exposed 18  
2 04 - 
- 

4 

- 
2 26 

- 20 11 1 - - 
- 360 111 4 - 2 
54 17 30 - - 1 

- 4 159 24 - 6 
155 

318 430 480 29 149 164 

264 29 169 - - - 

- - - - -  
- 149 - - - - 

5 55 
72 753 
10 1 1 2  
16 478 
31 228 
- 155 
- 149 

134 1930 
~~ 

R = Rongelap; U = U t i r i k ;  E = Ebeye; M = Majuro; K = K i l i ;  L = Lik iep ;  
W = Wotje. 
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Medical teams almost always inc luded  an e q u a l  complement of Micronesians 
t r a i n e d  as medical  p r a c t i t i o n e r s ,  nu r ses ,  h e a l t h  a i d e s ,  and t e c h n o l o g i s t s .  
These p a r t i c i p a n t s  were e s p e c i a l l y  v a l u a b l e  i n  o b t a i n i n g  a c c u r a t e  i n t e r v a l  
h i s t o r i e s ,  which were p r i m a r i l y  d i r e c t e d  toward d e t e c t i n g  c o n d i t i o n s  wi th  
h i g h e r  p r o b a b i l i t i e s  of r a d i a t i o n  a s s o c i a t i o n ,  such as t h y r o i d  enlargement  o r  
dys func t ion  o r  development of n e o p l a s i a  i n  o t h e r  organ system. Family and so- 
c i a l  h i s t o r i e s  were a l s o  ob ta ined  t o  e s t a b l i s h  ped ig rees ,  p e r i o d s  of r e s i d e n c e  
on v a r i o u s  i s l a n d s ,  and smoking and d r i n k i n g  h a b i t s ,  and t o  supplement demo- 
g r a p h i c  d a t a  ob ta ined  by o t h e r  means. 

s t a f f  with s p e c i a l  a t t e n t i o n  d i r e c t e d  t o  examinat ion of t h e  t h y r o i d ,  s k i n ,  fe-  
male b r e a s t s ,  and o t h e r  s i t e s  of p o t e n t i a l  oncogenesis.  P r e p r i n t e d  examina- 
t i o n  p r o t o c o l  forms ensured u n i f o r m i t y  and completeness.  Ques t ionab le  f ind -  
i ngs  were eva lua ted  by c o n s u l t a t i o n  wi th  o t h e r  s t a f f  phys i c i ans .  
r o i d  f i n d i n g s  were always confirmed by a c o n s u l t i n g  t h y r o i d o l o g i s t  b e f o r e  more 
extended e v a l u a t i o n s  and/or  s u r g e r y  were performed i n  t h e  United S t a t e s  ( s e e  
S e c t i o n  IX.B) .  

diograms a n n u a l l y  (Hewlit t-Packard lSOO), a 14x17-inch P-A c h e s t  x r a y  bi-  
annua l ly  ( o r  more f r e q u e n t l y  i f  i n d i c a t e d  by smoking h i s t o r y  and/or  s i g n s  o r  
symptoms of pulmonary pa tho logy) ,  and annual s t o o l  examinat ions f o r  o c c u l t  
blood (Ames Hemocult). Ur ine  was t e s t e d  f o r  pH, suga r ,  ace tone ,  blood, and 
p r o t e i n  with A m e s  L a b s t i k s .  Blood f o r  hematologic  and endoc r ine  e v a l u a t i o n s  
w a s  drawn and p rocessed  as d e s c r i b e d  i n  S e c t i o n  1 I I . B .  
blood s u g a r s  were measured a n n u a l l y  i n  known d i a b e t i c s  and p e r i o d i c a l l y  i n  t h e  
e n t i r e  s t u d y  group, and g lucose  t o l e r a n c e  tes t s  were p e r i o d i c a l l y  admin i s t e red  
( s e e  S e c t i o n  V I I ) .  Other biochemical  a s s a y s ,  such as those f o r  serum enzyme 
a c t i v i t y  and e l e c t r o l y t e  and m e t a b o l i t e  c o n c e n t r a t i o n s ,  were performed a t  ir- 
r e g u l a r  i n t e r v a l s  o r  as c l i n i c a l l y  i n d i c a t e d  i n  c e r t a i n  i n d i v i d u a l s .  

f l u o r i d e  p rophy lax i s .  P e r i o d i c  o p h t h a h o l o g i c  examinat ions have inc luded  
s l i t - l a m p  i n s p e c t i o n  f o r  c a t a r a c t s  bu t  no t  r e f r a c t i o n s  ( 1 ) .  

t i o n  i n  March 1954 and a comparison p o p u l a t i o n  s e l e c t e d  from unexposed 
Rongelap c h i l d r e n  i n  1957 who w e r e  m a t c h e d  as c l o s e l y  as p o s s i b l e  for age and 
sex. A t t r i t i o n  i n  the  c o n t r o l  group due t o  d e a t h  o r  e m i g r a t i o n  w a s  compen- 
s a t e d  by p e r i o d i c  a d d i t i o n  of unexposed i n d i v i d u a l s .  
i n  t h e  a d u l t  s t u d y  groups were a l s o  examined r o u t i n e l y  as a s e p a r a t e  s tudy  
group. The i n i t i a l  composition of t h e s e  groups i s  summarized i n  Tab le  2. 
Rongelap c h i l d r e n  i n  each group were examined, g e n e r a l l y  on an annual b a s i s ,  
by t h e  medical  team, which inc luded  a p e d i a t r i c i a n  each y e a r  s i n c e  1958, ex- 
c e p t  f o r  t he  f o u r  y e a r s  1960, 1964, 1967, and 1973. I n  e a r l i e r  y e a r s ,  t h e  
c h i l d r e n  on U t i r i k  were n o t  s een  as f r e q u e n t l y  as those  on Rongelap, b u t  major 
e f f o r t s  t o  examine them were mounted i n  1957, 1959, 1966, 1969, 1972, and each 
y e a r  s i n c e  1974, when examinat ions were performed a t  l eas t  a n n u a l l y  on a l l  
s t u d y  groups whether they were r e s i d i n g  a t  Rongelap, U t i r i k ,  Majuro, o r  Ebeye. 

Thorough g e n e r a l  p h y s i c a l  examinat ions were admin i s t e red  by the  medical  

P o s i t i v e  thy- 

P a t i e n t s  40 y e a r s  of age o r  o l d e r  r ece ived  s t a n d a r d  12-lead e l e c t r o c a r -  

Two-hour p o s t p r a n d i a l  

Dental  examinat ions have been l i m i t e d  e s s e n t i a l l y  t o  e x t r a c t i o n s  and 

The p e d i a t r i c  s tudy  groups c o n s i s t e d  of a l l  c h i l d r e n  exposed t o  r a d i a -  

Ch i ld ren  born t o  p a r e n t s  
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@ Table 2. Composition of initial pediatric study groups. 

Exposed Rongelap Exposed Ailingnae Control Group 

Age on March 1, 1954 M F M F M F 

- - - - In utero 3 1 
0-5 yr 8 7 2 1 9 16 
-- 

5-10 yr 6 4 3 - 13 7 
10-18 yr 5 9 - - 3 5 

Total 22 21 5 1 25 28 

When children reached 18 years of age, they were transferred to corre- 
sponding adult study groups, so that technically all were adults by 1972. 
Nonetheless, increasing numbers of children in the island populations, even 
though not belonging to specific study groups, have been seen by the medical 
team, making continuing participation by pediatricians important to the field 
surveys. 

2. Control Populations 

A group of 115 Marshallese, principally from the village of Rita on 
Majuro Atoll, was originally selected in 1954 as a control population, since 
they had background and living conditions similar to those on Rongelap and 
Utirik. 
vidual in the Rongelap exposed group. 
provided the primary basis for initial evaluation of hematologic alterations 
in the exposed Rongelapese. 
study of additional unexposed Marshallese to provide statistically valid com- 
parisons. These were selected primarily from blood relatives of the 
Rongelapese who were away from the atoll at the time of the accident, but were 
returning to Rongelap with the exposed individuals at the time of repatriation 
in 1957. The size, age, and sex distribution of this group compared closely 
with that of the exposed Rongelapese, and its shared genetic heritage was con- 
siderably closer than that of the original control group from Majuro. None- 
theless, a number of these individuals were periodically lost to follow-up 
and were eventually replaced by addition of unexposed Marshallese from other 
island comunities. 

examined to evaluate the prevalence of thyroid abnormalities throughout the 
Marshall Islands. This population was comprised of unexposed Marshallese from 
Rqngelap, Utirik, Likiep, and Wotje Atolls. 
been exposed to low levels of residual radiation while residing part time on 
their home islands, this exposure is not considered to be a significant deter- 
rent to their use since thyroid effects of such exposure, if any are possible, 
would likely be undetectable (see Appendix I>. However, none of the unexposed 

They were matched as nearly as possible by age and sex with each indi- 
Single blood samples from this group 

By 1957 attrition by emigration necessitated 

During the past decade, an additional comparison population has been 

Though some of these people have 

n 
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groups is a completely valid control group, and the caveats associated with in- 
terpretation of the data using these g,roups are pointed out in Section 1X.C. 

C. Results 
Gs 

During the past six years, general medical findings in the Rongelap and 
Utirik populations continued to be comparable and very similar to those noted 
in previous years. There were no apparent differences between the exposed and 
unexposed people from either atoll in incidences of specific diseases (other 
than thyroid abnormalities, described in Section 1x1. 

multiple caries, peridontal inflammation, and early endentulism -- despite re- 
petitive instruction and encouragement in dental hygiene. 

tion, remained common, particularly among the children, in whom molluscum 
contagiosum also occurred with high frequency. 

year report (1). These included a high incidence of pingueculae and pterygia, 
arcus senilis, and senile cataracts. No radiogenic cataracts have been noted. 
Though some of the cataracts have been associated with diabetes, vascular 
changes in the fundus associated with this disease were minimal (see Section 
V I I ) .  

Subjects in all groups continued to exhibit extensive dental disease -- 

Dermatophytic dermatoses and pediculosis, sometimes with secondary infec- 

The ophthalmological findings were similar to those reported in the 20- 

The high incidence of diabetes among the adults is discussed in Section 
V I I .  

Adults continued to have evidenc'e of hypertension as indicated by 
systolic pressures >140 mmHg or diastolic >90 mmHg. 
studied, regardless of exposure group, registered pressures above these limits 
at least once during the past six years. Repeated elevations (two or more) 
were found in 12 of 42 Rongelap exposed adults, 21 of 55 Utirik exposed 
adults, and 20 of 64 Rongelap controls. This frequency is higher than the 9% 
incidence reported during the first 20 years (1) and may reflect the advancing 
age of all groups. Overt clinical evidence of hypertensive heart disease or 
retinopathy remains scarce. 

parent among all groups with equal frequency, and musculo-skeletal complaints 
such as backaches, lower extremity pain, and decreased flexibility were com- 
mon. 

in 7% of the female population examined. Cervical inflammation and tricho- 
monas were commonly seen, and occasionally fungus infections, herpes, and 
condylamata. The fungal infections were often correlated with diabetes as 
evidenced by elevated blood sugar levels. 
noted. The incidences of the above abnormalities were about the same in the 
exposed as in the unexposed females.* 

sity was noted primarily in some girls after they had reached puberty. In 

Virtually every adult 

Evidence of degenerative osteoarthritis in the elderly was uniformly ap- 

Pelvic examinations, including Pap smears, resulted in abnormal findings 

Several toxemias of pregnancy were 

Hypertension was practically nonexistent in Marshallese children. Obe- 

*Dr. Ruth Nicoloff (Permanente Medical Group, Los Angeles) was responsible for 
interpreting the Pap smears. 
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e a r l i e r  surveys ,  r e s i d u a l  f i n d i n g s  from a p o l i o m y e l i t i s  epidemic were recorded  
i n  a few i n d i v i d u a l s .  The l i v e r  was p a l p a b l e  i n  a number of c h i l d r e n ,  bu t  t h e  
frequency appeared t o  be r e l a t e d  t o  young age and no t  t o  c l i n i c a l  h i s t o r y  o r  
o t h e r  p h y s i c a l  f i n d i n g s .  

Complaints noted du r ing  d i spensa ry  v i s i t s  fol lowed a g e n e r a l  p a t t e r n  
modif ied p r i m a r i l y  by t h e  acu teness  of t he  cond i t ion .  The most f r e q u e n t  r ea -  
sons f o r  emergency c l i n i c  v i s i t s  were cough, f e v e r ,  ano rex ia ,  o t i t i s ,  s k i n  
l e s i o n s ,  and d i a r r h e a .  Most of t h e  d i s p e n s a r y  c a r e  involved  i n f a n t s  and ve ry  
young c h i l d r e n .  Rout ine examinat ions of babies  born a f t e r  t h e  r e t u r n  of  t h e  
Rongelap i n h a b i t a n t s  r evea led  no obvious d i f f e r e n c e s  among those  born  t o  ex- 
posed p a r e n t s  compared wi th  those  born t o  unexposed pa ren t s .  

ment of t h y r o i d  n e o p l a s i a ,  both benign and ma l ignan t ,  i n  t h e  exposed c h i l d r e n ,  
(2)  growth r e t a r d a t i o n  secondary t o  thy ro id  i n j u r y  from r a d i a t i o n  i n  some ex- 
posed c h i l d r e n  on Rongelap, and ( 3 )  a c u t e  myelogenous leukemia developing i n  
1972 i n  a boy exposed a t  age 1 year  on Rongelap who a l s o  had a thy ro id  adenoma 
r e s e c t e d  i n  1962. These are d i scussed  i n  more d e t a i l  i n  o t h e r  s e c t i o n s  of 
t h i s  r e p o r t .  

T h i s  problem is d i s c u s s e d  i n  S e c t i o n  V I ,  and r e c e n t  e f f o r t s  t o  t r e a t  para-  
s i t i s m  on Rongelap and U t i r i k  are desc r ibed .  

dom f a s h i o n  among a l l  groups and were seldom p e r s i s t e n t  on r e p e a t  examinat ion.  
S t a t i s t i c a l  e v a l u a t i o n s  of r o u t i n e  l a b o r a t o r y  s c r e e n i n g  t e s t  r e s u l t s ,  o t h e r  
than  hemato log ica l ,  have n o t  been performed. 

Tab le  3 p r e s e n t s  a m o r t a l i t y  l i s t  wi th  p o s s i b l e  causes  of dea th .  The 
l a t t e r  w e r e ,  i n  most i n s t a n c e s ,  presumed, s i n c e  dea th  g e n e r a l l y  occur red  
wi thout  a phys ic i an  o r  h e a l t h  a i d e  i n  d i r e c t  a t t endance ,  and a u t o p s i e s  were 
r a r e l y  performed because of s t r o n g  Marsha l lese  c u l t u r a l  r e s i s t a n c e  t o  such 
procedures .  Records main ta ined  by l o c a l  h e a l t h  a i d e s  on t h e  o u t e r  i s l a n d s  
were o f t e n  margina l  i n  c o n t e n t  and accuracy ,  i f  no t  e n t i r e l y  mis s ing ,  and 
follow-up q u e s t i o n s  r e g a r d i n g  p o t e n t i a l  causes  of dea th  were o f t e n  m e t  wi th  
uninformat ive  r e sponses ,  such as dea th  due t o  o l d  age.  

The major f i n d i n g s  t o  emerge from t h e  p e d i a t r i c  s t u d i e s  were ( 1 )  develop- 

A cont inued  high inc idence  of i n t e s t i n a l  p a r a s i t i s m  has  beer! no ted .  

V a r i a t i o n s  i n  serum e l e c t r o l y t e s  and o ther  c h e m i s t r i e s  occur red  i n  ran- 
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Table  3. M o r t a l i t y  Among Rongelap and U t i r i k  People ( a s  of 1980). 

( P o s s i b l e  causes  comprise d i s e a s e s  noted i n  the  medical r eco rds  which might be 
Grs 

e t i o l o g i c a l l y  r e l a t e d  t o  dea th .  AE = A i l i n g i n a e  exposed. 
by b iopsy  or  autopsy.)  

NC = not  confirmed 

Sub jec t  No. 
Year & sex Age P o s s i b l e  causes  

A.  Rongelap exposed 

1956 
1957 
1958 
1959 
1962 
1962 
1962 
1962 
1963 
1963 
1964 
1965 
1966 
1966 
1966 
1968 
1971 
1972 
1972 
1974 
1977 
1980 

25 M 
38 M 
3 1 M - A E  
62 F 
30 F 
46 M 
26 M 
56 F 
52 F 
57 F 
43 F - AE 
2 8 F - A E  
29 M - AE 
55 M 
13 F 
59 F - AE 
50 M - AE 
54 M 
60 F 
68 M 
58 F 
82 M 

B. U t i r i k  exDosed 

1956 
1957 
1957 
1958 
1959 
1959 
1959 
1959 

1960 
1960 
1960 

2118 M 
2219 F 
2222 F 
2243 M 
2122 M 
2127 M 
2170 M 
2187 F 

2116 F 
2131 F 
2180 M 

46 
78 
35 
60 
60 
84 
21 
75 
55 

107 
77 
79 
77 
88 
71 
58 
51 
19 
74 
64 
82 
75 

24 
57 
63 
50 
87 
73 
46 
61 

27 
35 
76 ' 

Heart  d i s e a s e  
Heart d i s e a s e ,  d i abe te s  
Acute v a r i c e l l a  
Ovarian cancer  
Cancer of c e r v i x  - N C  
Heart d i sease  
Accident  
Accident 
Po 1 iomye 1 i t  i s ,  bu lba r  
"Old age" (?  ) 
Pneumonia, h e a r t  d i seas  e 
Heart d i sease  
Asthma, h e a r t  f a i l u r e  
Heart  d is  e ase  
Cancer of u t e r u s  - NC 
Influenza-pneumonia 
Acute a sphyx ia t ion ,  cause unknown 
Acute myelogenous leukemia 
Heart  d i s e a s e  
Cancer, stomach 
? Liver  d i s e a s e  
ASHD 

? 
? 
? 
Drowning 
? CVA 
? 
? 
Pulmonary bronchiec  t as i s ,  ch ron ic  

? 
? 
Asthmatic (? 

bronch it  i s  
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Table  3 ( c o n t ' d )  

Sub jec t  No. 
Year & sex  Age P o s s i b l e  causes  

1961 
1961 
1961 
1963 
1964 
1964 
1964 
1965 

1965 
1965 
1965 
1965 
1965 
1967 
1967 
1967 
1968 
1968 
1968 
1968 
1969 
1969 
1970 
1970 
1971 
1971 
1972 
1972 
1973 
1974 
1976 
1977 
1977 
1978 
1978 
1979 
1980 

2177 M 
2184 F 
2199 F 
2203 F 
2163 M 
2190 F 
2192 F 
2121 M 

2154 F 
2183 M 
2204 F 
2238 F 
2253 M 
2181 F 
2202 F 
2223 F 
2101 M 
2112 M 
2141 F 
2259 F 
2191 F 
2214 M 
2175 M 
2211 M 
2246 F 
2258 M 
2178 M 
2252 M 
2186 F 
2201 F 
2151 M 
2135 M 
2240 M 
2109 F 
2169 M 
2198 F 
2146 F 

C. Rongelap unexposed 

1958 857 M 
1959 854 F 

11 
67 
49 
71 
75 
85 
84 
68 

51 
67 
7 1  
65 
56 
78 
72 
79 
62 
70 
67 
36 
90 
80 
73 
65 
25 
64 
37 
57 
67 
68 
21 
54 
56 
70 
87 
83 
62 

65 
55 

Congeni ta l  anomolies (mongoloid ? )  
? 
Pneumonia 
Pneumo n i a 
AS HD 
Hypertension,  a r t e r i o s c l e r o s i s  
Hypertension 
A r t e r i o s c l e r o s i s ,  p a r a l y s i s  lower 

Pneumonia ? 
? 
? 
? Pneumonia 
? 
P a r a l y s i s  ( t a b e s  D ? ,  A L S ? )  
ASHD, hyper tens  ion  
? 
Diabetes  
? 
? 
? 
ASHD 
AS HD? 
AS HD 
ASHD 
? 
? 

l imbs ( p o l i o  ? >  (CVA ? 

Auto a c c i d e n t  
Hypertension 
? 
? 
Suic ide  
C VA 
Renal d i s e a s e  
Diabe te s ,  ch ron ic  b r o n c h i t i s  
AS HD 
Hyper tens ion ,  ASHD 
Diabe t e s 

Cerebra 1 thrombosis 
I n f e c t i o n  i n  u r i n a r y  t r a c t ,  d i a b e t e s  
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T a b l e  3 ( c o n t ' d )  
/ \  

S u b j e c t  No. 
Year ti sex Age P o s s i b l e  causes  

1960 
1960 
1960 
1962 
1962 
1963 
1964 
1964 
1964 
1966 
1967 
1967 
1967 
1968 
1969 
1970 
1970 
1970 
1970 
1970 
1971 
1972 
1972 
1972 
1972 
1973 
1973 
1973 
1974 
1974 
1974 
1976 
1976 
1976 
1976 
1977 
1977 
1977 
1978 
1980 
1980 
1980 
1980 

933 M 
927 M 
861 F 
953 M 
848 F 
886 M 
893 F 
862 M 
894 F 
964 M 
967 M 
936 F 
853 M 
860 M 
852 F 
884 M 
916 F 

1515 M 
918 M 
875 M 
899 M 
947 M 
957 F 
858 F 
961 M 
856 M 
898 F 

1506 M 
948 M 
908 F 
978 F 

1517 M 
836 M 
897 M 
910 M 
878 M 
855 M 
929 F 

1547 F 
859 F 
850 M 
915 M 
951 F 

56 
65 
68 
48 
41 
54 
61 
91 
68 
90 
24 
76 
62 
78 
65 
76 
46 
50 
72 
53 
76 
64 
64 
78 
79 
74 
75 
65 
66 
84 
23 
55 
43 
78 
73 
77 
72 
79 
64 
87 
69 
83 
47 

Pneumonia, secondary t o  i n f l u e n z a  
Pneumonia, secondary t o  i n f l u e n z a  
D i a b e t e s ,  cance r  of c e r v i x  ( ? >  
S t a t u s  a s thma t i cus  
Neurosyph i l i s  (?  > 
Asthma (? > 
Diabe te s  
Heart d i s  e ase 
Pneumonia 
Probably c a r d i o v a s c u l a r  (? > 
Accident  
I n f e c t i o n  compl i ca t ing  d i a b e t e s  
Diabe te s  
Congest ive h e a r t  f a i l u r e  
Hypertension,  d i a b e t e s  

Asthma, d i a b e t e s  

Heart d i s e a s e ,  d i a b e t e s  
? ( E p i l e p t i c )  

Hypertensive h e a r t  d i s e a s e  

Heart d i s e a s e  ( ? >  
Heart d i s e a s e  ( ? >  
Hemiplegia, pneumonia 

A s t h m a ,  hear t  disease 
Heart disease,  d i a b e t e s  
Heart d i sease ,  d iabe tes  
Chi 1 db i r  t h  
P e n i c i l l i n  r e a c t i o n  
Drowned 
ASHD? 
Hypertension;  ASHD? 
Heart d i s e a s e  
D i a b e t e s  
ACHD? 
D i a b e t e s ,  h y p e r t e n s i o n  
Hypertens i o n ,  ACHD 
ACHD? 
? A r t e r i o s c l e r o s i s  
Pneumonitis ,  d i a b e t e s  
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111. HEMATOLOGIC OBSERVATIONS* 

A. Background 

Since alterations in leukocyte and platelet counts are among the most 
sensitive and reliable responses to radiation injury, careful hematologic 
monitoring of exposed populations was instituted immediately following the ac- 
cident and has continued subsequently at frequent intervals. All persons were 
not always available for study during each field trip. Accordingly, surveys 
were often made on a semiannual or quarterly basis by the medical team or the 
resident physician at Kwajalein with the objective of performing hematologic 
evaluations of most exposed individuals at least annually. This allowed 
values for each person (as well as mean values for each exposure group) to be 
followed serially in comparison with values for unexposed populations and with 
each other over the course of time. 

observed in the combined Rongelap and Ailingnae groups immediately after the 
accident, and the subsequent return to stable plateaus closely approximating 
control mean values, are shown in Figure 1. The severity of initial depres- 
sions in cell counts varied among the three exposed groups, correlating reason- 
ably well with that expected from the best estimates of their degrees of radia- 
tion exposure. 
and it was thought that an additional increment of 50 to 100 rem probably 
would have resulted in the sequelae of pancytopenia (infection and hemorrhage) 
with the statistical possibility of death (2 ) .  

The early fluctuations in neutrophil and total leukocyte counts (Figure 
la) apparently followed a burst of leukocytosis during the first few days and 
might have reflected individual responses to other injuries, such as beta 
burns, or  to transient respiratory infections that occurred during the first 
month. The response of peripheral lymphocytes (Figure lb) to the radiation in- 
jury was rapid and marked, whereas the platelets fell gradually to reach a 
nadir in about one month (Figure IC). Recovery required approximately one 
year for neutrophils and at least two years for lymphocytes and platelets. 

It is notable that the mean peripheral blood counts recorded in 
Figure 1, especially over the Dast 6 to 8 years, have shown less annual fluc- 
tuations for the combined Rongelap-Ailingnae grouDs than for the comparison 
populations. This may reflect the more variable composition of the latter 
occasioned by gradual attrition of the age- and sex-matched controls available 
for followup studies and their replacement with individuals from other popula- 
tion groups, primarily unexposed Rongelap residents. 

The prompt and significant depressions in leukocyte and platelet counts 

In the Rongelap grouo, these effects were moderately severe, 

B. Methods 

Hematologic measurements for the first few years following the accident 
were performed on capillary blood from the finger or occasionally from the 

*This section was written by Drs. D.E. Paglia (UCLA) and E.P. Cronkite (BNL), 
with the technical assistance of Mr. W. Scott (BNL). 
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T I M E  A F T E R  EXPOSURE 

Figure  1. 
Rongelap and Ai l ingnae  (b l ack  symbols) r e l a t i v e  t o  comparison popu la t ions  
(white  symbols 1. 
count.  ( c )  P l a t e l e t  counts .  

Chronology of mean hematologic  va lues  of i n d i v i d u a l s  exposed on 

( a )  T o t a l  leukocyte  and n e u t r o p h i l  counts .  (b )  Lymphocyte 
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heel or ear. Subsequently, venipuncture specimens anticoagulated with heparin 
were used. Since 1973, Na2EDTA has been used as the anticoagulant. Duplicate 
pipettes were filled for leukocyte and platelet counts and diluted with 3% ace- 
tic acid or 1% ammonium oxalate, respectively, and each was then dispensed 
into a single hemocytometer chamber after 10-minute rotations and counted by 
phase microscopy after settling 10 minutes. 
heparinized capillary tubes. One-hundred-cell differential counts were per- 
formed on Wright’s stained blood smear and used to calculate absolute concen- 
trations of leukocyte subsets. Hemoglobin concentration after conversion to 
cyanmethemoglobin was measured with a Lumitron colorimeter. 

a Coulter counter during the third annual survey (1957). Erythrocyte counts 
were also performed with the Coulter instrument, and modifications in orifice 
diameter allowed electronic counts to replace phase microscopy for platelets 
after the fourteenth annual survey. The Coulter counters were superseded in 
1973 by instruments from General Science for both leukocyte (MK-3) and 
platelet (MK-4) enumeration. In 1978, a J.T. Baker Instruments (Milford, CT) 
MK-4/HC platelet counting system was adopted, along with a Baker MK-40 four- 
parameter cell counter to measure leukocytes, erythrocytes, hemoglobin, and 
hematocrit. 

in duplicate or triplicate at weekly intervals. By 1962, a repeat determina- 
tion was made only if an abnormal value was observed. 

Hematocrits were measured in 

Hemocytometrics were used for leukocyte counts until the introduction of 

Initially, hematologic measurements in exposed individuals were repeated 

C. Results and Discussion 

Specific mean hematologic values over the last five-year survey period 
are presented in Figures 2 to 4 ,  segregated on the basis of exposure group and 
sex. It should be emphasized that the values for the Ailingnae group repre- 
sent means of only 4 to 8 determinations (Table 11, and this clearly contrib- 
utes to their variability. No statistically significant differences were de- 
monstrable among the three groups exposed to radiation and their appropriate 
comparison populations for any of the mean hematologic values recorded during 
this period. Certain measurements showed tendencies to segregate on the basis 
of sex, however, regardless of exposure group. These included increased 
platelet counts in females (Figure 4) and the expected increases in various 
red cell parameters in males (Figure 3 ) .  Variation between sexes in platelet 
concentrations has been observed consistently throughout the 26-year study pe- 
riod and appears t o  represent a true anthropometric distinction in the 
Marshallese, as it does in Caucasians. The sporadic very low values for indi- 
vidual platelet counts shown in Figure 7 most likely represent technical 
art if ac ts . 
individuals exhibited sufficient deviations in certain hematologic measure- 
ments to require followup assessments. Figures 5 to 7 record individual 
values segregated by exposure group, sex, and time of study between 1975 and 
1979 for persons whose hemograms contained values outside the ranges 4,280 to 
10,64O/pl leukocytes, 10.2 to 17.2 g/dl hemoglobin, and 120,000 to 372,0OO/p1 
platelets. These ranges represent values more than one standard deviation 

Despite the lack of significant variance among group means, a number of 

A 
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Figure  2. Mean leukocyte  counts  i n  v a r i o u s  groups over  l a s t  5-year pe r iod .  
R ,  A, and U i n d i c a t e  exposed popu la t ions  from Rongelap, A i l i n g n a e ,  and U t i r i k ,  
r e s p e c t i v e l y .  Values f o r  comparison popu la t ions  of unexposed i n d i v i d u a l s  from 
Rongelap are i n d i c a t e d  by open symbols and broken l i n e s .  
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Figure  3 .  Mean e r y t h r o c y t e  v a l u e s  f o r  exposed and comparison p o p u l a t i o n s .  
Abbrev ia t ions  as f o r  F i g u r e  2.  
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Figure  4. Mean p l a t e l e t  counts  f o r  exposed and comparison popu la t ions .  
Abbrev ia t ions  as f o r  F igu re  2 .  

L c  --. /-a 
. 

Tab le  1. Mean numbers of i n d i v i d u a l s  i n  groups provid ing  
hematologic  v a l u e s  i n  F igu res  2 t o  7. 

Sex Rongelap Ai l ingnae  U t i r i k  Control  

Leukocytes F 25 (24-27 )* 8 (  7 - 8 )  57 ( 54-62)  64 (  54-73 
M 25 ( 2 3 - 2 5 )  5 ( 4 - 5 )  39 (34-43 54  (36-57 

Ery th rocy te s  and F 25(24 -27 )  8 ( 7 - 8 )  57 ( 55-67 64 (  54-7 1 
M 23 ( 2 2-24 4 (4 -5  1 40  ( 34-46 ) 46  ( 3 6 - 5 4 )  p l a t e l e t s  

*Range over  f ive-year  pe r iod .  

A 
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5 -  

0. 

0 
RONGELAP AILINGNAE UTlRlK CONTROL 

* ' . . . * '  

Figure  5 .  
Females and males are r e p r e s e n t e d  by round and s q u a r e  symbols, r e s p e c t i v e l y .  
Lines connect m u l t i p l e  v a l u e s  on t h e  same i n d i v i d u a l  a t  d i f f e r e n t  times. The 
a b s c i s s a  marks r e p r e s e n t  seven s u c c e s s i v e  f i e l d  su rveys ,  du r ing  t h e  5-year 
s tudy  pe r iod :  Spring 1975, F a l l  1975, Spring 1976, F a l l  1976, and Spr ing  
1977, 1978, and 1979. 

Occurrence of l eukocy te  counts  beyond t h e  range 4,280 t o  10,64O/Pl. 

I 1 

Figure  6. I n d i v i d u a l  hemoglobin 
v a l u e s  beyond t h e  range 12.0 t o  
17.2 g / d l .  (See legend f o r  F ig .  5 . )  
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RONGELAP AlLlNGNAE UTlRlK CONTROL 

Figure 7 .  Individual platelet counts beyond the range 120,000 to 3 7 2 , 0 0 0 / ~ 1 .  
(See legend for Figure 5 . )  

from the mean for leukocytes and platelets and less than two standard devia- 
tions below the mean for hemoglobin. 

A s  shown in Table 2, the occurrence of values exceeding these limits was 
not significantly more frequent in radiation-exposed groups than in the compar- 
ison population, but again there were tendencies toward variation on the basis 
of sex. The increased platelet concentration in females, regardless of group, 
has already been mentioned. Low platelet or leukocyte concentrations were 
infrequently observed in both sexes and were rarely persistent, and probably 
resulted from technical errors (Figures 5, 7 ) .  Relative leukocytosis occurred 
in one-quarter to one-third of all groups studied (Figure 5). 

female out of an average of more than 150 studied on seven occasions during 
the five-year period, whereas approximately one-third of the men, both control 
and radiation-exposed, exhibited a relative erythrocytosis (Table 2 ,  Figure 
6 ) .  Anemia, on the other hand, if defined as hemoglobin concentration below 
12.0 g/dl, was several times more frequent in the female populations than in 
their male counterparts (Table 2 ,  Figure 6 1 ,  especially in younger women. It 
is notable that lowered hemoglobin occurred twice as frequently (73%)  in the 
control population as in the exposed female groups (36% of those on Rongelap, 
28% of those on Utirik). A tendency toward microcytosis has been noted pre- 
viously in these women, but serum iron concentrations and reticulocyte counts 
have been normal, and vitamin B12 levels have been considerably elevated (7 ) .  
Despite the frequency of mild anemia by hemogram criteria, symptoms or signs 
of clinically significant anemia were rare. Previous studies have also in- 
dicated that total blood volume and red cell mass may be generally lower in 

Hemoglobin concentration above 17.2 g/dl occurred only once in a single 

A 
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Table 2. Frequency of abnormal hematologic values 
over 5-year study period, 1975-1979. 

Sex Rongelap Ail ingnae Utirik Control 

Leukocytes F 6/28* (24%) 
( >lo, 640 / 1-11 M 9/25 (36%) 

Hemoglobin F 0/25 (0%) 
(>17.2 g/dl) M 7/25 (28%) 

Hemoglobin F 9/25 (36%) 
(c12.0 g/dl) M 2/25 (8%) 

Platelets F 7/25 (31%) 
(>372,000/~1) M 2/25 (8%) 

2/8 (25%) 
0/5 (0%) 

1/8 (13%) 
2/5 (40%) 

0/8 (0%) 
0/5 (0%) 

4/8 (50%) 
1/5 (20%) 

22/57 (39%) 18/64 (28%) 
12/39 (31%) 18/50 (36%) 

0/57 (0%) 0/64 (0%) 
15/39 (38%) 17/50 (34%) 

16/57 (28%) 47/64 (73%) 
3/39 (8%) 6/50 (12%) 

29/57 (51%) 20/64 (31%) 
12/39 (31%) 8/50 (16%) 

*Denominators are average numbers of individuals seen in each category on 
annual or semiannual field trips. 

the Marshallese than in Americans (11). Peripheral blood eosinophilia in the 
region of 5% was noted consistently in previous studies and has persisted dur- 
ing the past five-year interval with no clear differences among the various 
groups. 

The children of individuals in the exposed and comparison populations 
have also been followed hematologically with the results recorded in Table 3. 
Differences between sexes for mean values of platelets, erythrocytes, hemoglo- 
bin, and leukocytes were not as prominently nor as consistently seen as in 
their parents. No significant differences in any measurement could be related 
to exposure status, but the numbers of individuals in each subset were rela- 
tively small. 

The established association between radiation exposure and development 
of leukemia has focused attention on this potential in the Marshallese. In 
1972, a 19-year-old, who was the youngest male exposed on Rongelap in 1954, 
developed and rapidly succumbed to acute myelogenous leukemia. He presented 
with asymptomatic leukopenia (2000/~1) and thrombocytopenia (120,0OO/P1) 
detected on the routine annual survey, and the diagnosis was quickly estab- 
lished by bone marrow examination. His history and clinical course have been 
reported in detail previously (1,33), and he represents the only instance of 
leukemia in this series. Statistical calculations, based on the best avail- 
able data for leukemia incidences in the U.S. and Micronesia, indicate a 5- 
to 15-fold greater probability that this Marshallese case was radiation-induced 

- 23 - 



r a t h e r  than spontaneous.* The l a t e n t  per iod  f o r  development of leukemia a f t e r  
r a d i a t i o n  v a r i e s  from 6 months t o  more than  30 yea r s  ( 4 6 ) .  Accordingly,  l i f e -  
t i m e  s t u d i e s  of t h e  exposed Marsha l lese  a r e  r equ i r ed .  

*A number of hemato logica l  examinat ions f o r  leukemia have been c a r r i e d  out  
over t he  years  i nc lud ing  s t u d i e s  of blood smears f o r  immature forms, basoph i l  
counts ,  and a l k a l i n e  phosphatase s t a i n i n g ,  y i e l d i n g  nega t ive  resu l t s .  We a r e  
g r a t e f u l  t o  D r .  W. Maloney and M s .  T u l l i n  a t  Harvard Medical School f o r  
a s s i s t i n g  with these  s t u d i e s .  

n 
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T a b l e  3. Summary o f  hemato log ica l  d a t a  from o f f s p r i n g  of Rongelap and U t i r i k  s u b j e c t s  (1977-1979). 

T o t a l  
No. i n  P l a t e l e t s  E r y t h r o c y t e s  Hematocri t  Hemoglobin l e u k o c y t e s  Neutro h i l s  Lymphocytes 

Age group (x  103 /p l>  (x  106/p1) ( % I  ( g / d l )  ( x  103/Ul> (x  10 3 / p l )  (x  1 0 3 / p l )  
Group Year ( y r )  M F M F M F M F M F M F M F M F 

Rongelap 1977 15-23 3 4 - - 4.84 4.96 38.0 40.0 - - 7.1 7.5 4.4 4.8 2.1 2.1 
I exposed 1978 15-24 6 10 240 235 5.45 5.68 46.2 47.5 14.8 13.5 7.1 7.6 3.9 4.5 2.9 2.8 
bl N 1979 15-25 10 10 290 282 5.16 4.68 43.3 37.4 16.1 13.3 7.7 9.0 4.1 5.0 3.2 3.4 

1979 5-15 24 16 - - 4.93 5.11 38.0 39.4 12.8 13.1 9 . 3  9.2 4.6 4 .6  3.7 3.7 
I 

U t i r i k  1977 15-23 7 4 207 339 6.59 5.01 53.0 42 .0  - - 9.6 7 .5  5 .3  3.5 3 .5  3.4 
exposed 1978 15-24 3 11 269 334 7.57 5.08 51.0 41.0 17.0 13.5 10.5 9 . 3  6.9 5.6 2.9 3.2 

1979 15-25 8 14 344 370 5.87 4.91 44.1 39.3 16.1 13.3 7.7 10.2 4 .2  6.0 3.0 3.4 
1979 5-15 34 20 - - 5.11 5.00 39.0 37.1 12.9 12.9 9.5 10.0 4.7 4.8 3.6 3.7 

Rongelap 1977 15-23 9 2 - - 6.50 5.56 49.0 42.0 - - 7.2 7 .8  3.5 4.3 3.0 2.9 
unexposed 1978 15-24 6 6 218 208 5.89 5.23 49.0 47.0 14.4 11.9 7.1 7.4 3.7 4.5 3.0 2.6 

1979 15-25 16 3 293 372 5.11 5.16 42.1 38.7 15.2 13.4 8 . 5  8.9 4.8 4.9 3 .2  3.5 
1979 5-15 29 25 - - 4.80 4.82 37.2 37.7 12.4 12.5 9 .7  8.5 5.1 4.3 3.8 3.4 



I V .  GROWTH AND DEVELOPMENT" 

A. Background 
A 

The v a r i o u s  anthropomorphic d a t a  on the  Rongelap c h i l d r e n  have been 
t a b u l a t e d  p e r i o d i c a l l y  i n  p rev ious  annual r e p o r t s  (1,9-13),  and ongoing ana l -  
y ses  have a l s o  been publ ished i n  t h e  open l i t e r a t u r e  (21,24,27,28) .  I n t e r v a l  
s k e l e t a l  age ana lyses  were recorded i n -  t he  1963 and 1974 r e p o r t s  ( 1 0 , l ) .  

Beginning s e v e r a l  y e a r s  a f t e r  exposure i t  w a s  noted t h a t ,  f o r  boys,  t h e  
s t a t u r a l  growth curve f o r  t he  exposed group lagged behind t h e  curve f o r  t h e  
unexposed group. This l a g  appeared t o  be due p r i m a r i l y  t o  t h e  slowed growth 
i n  t h e  group o f  boys exposed a t  <5 y e a r s  of age. I t  was f i r s t  thought t h a t  
t he  growth r e t a r d a t i o n  might be a d i r e c t  r a d i a t i o n  e f f e c t  ( 2 1 ) ,  b u t  subsequent 
f i n d i n g s  e s t a b l i s h e d  r a d i o g e n i c  hypofunct ion of t he  t h y r o i d  gland as i t s  cause 
(20-year r e p o r t )  ( 1 ) .  

who were c h i l d r e n  (<18 y e a r s  o l d )  on March 1, 1954, has been a c o n s i s t e n t  com- 
ponent of t he  p e d i a t r i c  examinat ions of t h e  Rongelap people.  Data i n t e r p r e t a -  
t i o n  has  been complicated by r a d i a t i o n  i n j u r y  t o  t h e  t h y r o i d  g l and ,  p a r t i a l  o r  
t o t a l  t hy ro idec tomies  i n  the  c h i l d r e n  who developed t h y r o i d  a b n o r m a l i t i e s ,  and 
a d m i n i s t r a t i o n  of TSH s u p p r e s s i v e  doses of t h y r o i d  hormone t o  the exposed 
Rongelap popu la t ion  s i n c e  September 1965 (when the  youngest exposed c h i l d  was 
11 y e a r s  o l d ) .  

Ronge l a p  Ato 11. 

Assessment of t he  p a t t e r n  of growth and development of t h e  i n d i v i d u a l s  

Analyses p r e s e n t e d  i n  t h i s  r e p o r t  are l i m i t e d  t o  the  p o p u l a t i o n  o f  

B. Methods 

I n  1957 t h e  popu la t ion  r e p a t r i a t e d  t o  Rongelap included ( i n  a d d i t i o n  t o  
the  exposed r e t u r n e e s )  a s i z a b l e  number of c h i l d r e n  who had not  been exposed 
t o  f a l l o u t  r a d i a t i o n .  Some were Rongelap n a t i v e s  who had been away a t  t h e  
t i m e  of f a l l o u t ,  and o t h e r s  were r e l a t i v e s  of r e s i d e n t s .  Since t h e s e  c h i l d r e n  
were of t he  same s t o c k  (blood r e l a t i o n s )  and would l i v e  p o s t - r e t u r n  under the  
same environmental  c o n d i t i o n s  as the  exposed popu la t ion ,  they were s e l e c t e d  as 
unexposed c o n t r o l s .  During 1957, 1958, and 1959, t he  c o n t r o l  popu la t ion  was 
c a r e f u l l y  c h a r a c t e r i z e d .  I t s  members are i d e n t i f i e d  i n  Appendix 11 of r e f .  
11. The same examinat ions were conducted on t h e s e  c h i l d r e n  as on t h e  exposed 
po pu 1 a t  ion .  

t he  f i r s t  3 y e a r s  t h e  measurements c o n s i s t e d  of weight ,  s t a n d i n g  h e i g h t ,  s i t -  
t i n g  h e i g h t ,  l eng th  of upper e x t r e m i t y ,  arm span,  b i a c r o m i a l  w id th ,  i n t e r -  
c r i s t a l  width,  head c i r cumfe rence ,  abdominal c i r cumfe rence ,  and l e f t  c a l f  c i r -  
cumference. In  1958 t h e  b a t t e r y  of body measurements was s t a n d a r d i z e d  t o  in -  
c l u d e  weight ,  s t a t u r e ,  s i t t i n g  h e i g h t ,  head c i r cumfe rence ,  head width,  head 
l e n g t h ,  c h e s t  c i r cumfe rence ,  c h e s t  w id th ,  c h e s t  dep th ,  b u t t o c k  circumference,  

From the  ve ry  f i r s t  examinat ion,  growth d a t a  have been recorded.  During 

* D r .  W.W. Sutow (M.D. Anderson H o s p i t a l ,  Houston, TX) and D r .  R.A. Conard and 
M r .  K. Thompson ( B N L ) .  
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l e f t  c a l f  c i rcumference ,  b i ac romia l  d iameter ,  and b i c r i s t a l  d iameter .  Stan- 
dard ized  techniques  (47-49) were used. The s t a t u s  of secondary sex  cha rac t e r -  
i s t i c s  was eva lua ted  by i n s p e c t i o n  with the  methodology desc r ibed  by Greul ich  
e t  a l .  (50,511,  Reynolds and Wines (52,531, and Shu t t l ewor th  (54) .  H i s t o r y  of 
menarche i n  g i r l s ,  h a i r  d i s t r i b u t i o n ,  b r e a s t  development, and p e n i l e  and 
t e s t i c u l a r  development i n  boys were recorded dur ing  these  examinat ions.  

c h a r t s  of many ch i ld ren .  
Marshal l  I s l a n d s  s e r i o u s l y  complicated the  v e r i f i c a t i o n  of ages .  De ta i l ed  ge- 
n e a l o g i c a l  and b i o l o g i c a l  h i s t o r i e s  were compiled f o r  t he  Rongelap popu la t ion  
i n  1958-1960. The r e c o n s t r u c t i o n  of b i r t h  chronologies  w a s  based on i n t e n s i v e  
e v a l u a t i o n  of f r e q u e n t l y  c o n t r a d i c t o r y  informat ion  der ived  from the  fo l lowing  
sources  : 

I n  1958 apparent  d i sc repanc ie s  r ega rd ing  b i r t h  d a t e s  were noted i n  the  
The absence of recorded b i r t h  informat ion  i n  the  

Dates  of b i r t h  r e p o r t e d  by pa ren t s .  
Dates of b i r t h  recorded o c c a s i o n a l l y  i n  l edge r s  kept  by t h e  v i l l a g e  

Limited number of b i r t h  c e r t i f i c a t e s  (not  always a c c u r a t e )  on f i l e  a t  

B i r t h  o r d e r  of c h i l d r e n  w i t h i n  each fami ly  u n i t .  
Ranking of chi ldhood popu la t ion  i n  terms of age by p a r e n t s .  
Ranking of chi ldhood popula t ion  i n  terms of age by t h e  c h i l d r e n  

( p a r t i c u l a r l y  age p e e r s ) ,  by r e l a t i v e s ,  and by f r i e n d s  l i v i n g  i n  the  v i l l a g e .  
A t a b l e  of most probable  b i r t h  d a t e s  w a s  der ived  f o r  t h e  Rongelap c h i l d -  

hood popula t ion .  B io log ic  c o m p a t i b i l i t y  of the  b i r t h  d a t e s  w i t h i n  each fami ly  
was c a r e f u l l y  checked, and t h e  c o m p a t i b i l i t y  of phys io log ic  s t a t u s  with age 
w a s  a l s o  determined f o r  each c h i l d ,  The presumptive d a t e s  of b i r t h ,  shown f o r  
each i n d i v i d u a l  i n  Appendices 11, 1 2 ,  and 13  of r e f .  11, have been used i n  t h e  
c a l c u l a t i o n s  of ch rono log ica l  ages f o r  ana lyses  of growth and development. 

l e f t  hand and w r i s t )  was i n i t i a t e d  i n  the  exposed c h i l d r e n  i n  1957. A major 
e f f o r t  was made i n  1958 t o  examine t h e  s k e l e t a l  ma tu ra t ion  of both exposed and 
unexposed c h i l d r e n .  Unfo r tuna te ly  these  v a l u a b l e  b a s e l i n e  f i lms  were l o s t  a t  
sea  during t r a n s p o r t .  This  c r e a t e d  a gap of almost 3 yea r s  when no r ad io -  
graphs were a v a i l a b l e  on a number of c h i l d r e n  i n  the  s p u r t  phase of growth. 
T h e r e a f t e r  roentgenographic  s t u d i e s  of t he  l e f t  hand and w r i s t  w e r e  inc luded  
a t  i r r e g u l a r  i n t e r v a l s .  These were p a r t i c u l a r l y  d i f f i c u l t  under f i e l d  condi- 
t i o n s  and presented  many t e c h n i c a l  problems, bu t  t h e  minimal number of 
roentgenograms e v e n t u a l l y  obta ined  pe rmi t t ed  a r easonab le  assessment  of t he  
l o n g i t u d i n a l  s k e l e t a l  development of each c h i l d  through t h e  ch rono log ica l  age 
of 16 o r  1 7  yea r s  i n  the  g i r l s  and 18 i n  the  boys. 

S k e l e t a l  age de t e rmina t ions  were made by i n s p e c t i o n  with t h e  techniques  
and s t anda rds  publ i shed  by Greu l i ch  and Pyle  (51) .  E a r l y  ana lyses  of t he  s k e l -  
e t a l  age da t a  were inc luded  i n  t h e  r e p o r t s  of prev ious  surveys  (11-13). Com- 
par i sons  between t h e  exposed and unexposed c h i l d r e n  were made p r i m a r i l y  i n  the  
group who were < lo  yea r s  o l d  on March 1, 1954. This  group w a s  f u r t h e r  sub- 
d iv ided  i n t o  two c a t e g o r i e s :  those <5 yea r s  o l d  on March 1, 1954, and those  
aged 5 t o  10. 

The d a t a  on c h i l d r e n  >10 yea r s  o l d  on March 1, 1954, could not  be ana- 
lyzed i n  d e t a i l .  The number of c h i l d r e n  ( p a r t i c u l a r l y  i n  t h e  exposed group) 
i n  each age ca t egory  w a s  extremely small .  Also,  by the  t ime s a t i s f a c t o r y  

mag i s t ra  t e .  

the  cour thouse  i n  Majuro. 

Roentgenographic documentation of osseous ma tu ra t ion  (x r ay ing  of t he  
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roentgenograms were obta ined  f o r  most of them (1961 t o  19631, even t h e  
youngest members of t h i s  group were a l r e a d y  approaching s k e l e t a l  m a t u r i t y .  

C. Resu l t s  

S t a t u r a l  growth d a t a  a r e  g iven  i n  Tables  1 and 2 of Appendix 111 and i n  
F igure  1. Three age groupings were used: 0 t o  5 ,  5 t o  10, and 10 t o  18 y e a r s  . -  

o l d  a s  of  March 1,-1954. 
10) f o r  some of t he  ana lyses .  The numbers of exposed s u b j e c t s  i n  t h e  10 t o  18 
y e a r  age groups were ex t remely  small .  

F igure  1 demonstrates  a c o n s i s t e n t  r e t a r d a t i o n  of s t a t u r e  among t h e  boys 
exposed a t  age 4 0 .  The d i f f e r e n c e s  a r e  s t a t i s t i c a l l y  s i g n i f i c a n t  only be- 
tween ages 9 and 16, a p p a r e n t l y  because t h y r o i d  medica t ion  was adminis te red  t o  
the  exposed people  on Rongelap a f t e r  1963. F igu re  1 a l s o  i n d i c a t e s  t h a t  
s t a t u r a l  r e t a r d a t i o n  occurred i n  both subgroups (age 0 t o  5 and 5 t o  10 a t  
exposure)  bu t  was more marked i n  the  younger one. S t a t u r a l  growth i n  the  few 
boys exposed a t  age >10 showed no d i f f e r e n c e s  from t h a t  i n  unexposed boys. 

Among the  g i r l s  the  s t a t u r a l  growth curve (F ig .  1 )  f o r  those  exposed t o  
f a l l o u t  a t  age 0 t o  10 was s i g n i f i c a n t l y  r e t a r d e d  a t  ch rono log ica l  ages  of 6 
t o  7 yea r s  compared with t h a t  f o r  the  unexposed g i r l s .  F igure  1 a l s o  shows 
t h a t  the  s t a t u r a l  r e t a r d a t i o n  occurred  i n  g i r l s  exposed a t  age 55 but  no t  i n  
those  exposed a t  age 5 t o  10, and d i sappea red  by about age 9. The curves  f o r  
g i r l s  exposed a t  age 10 t o  18 a r e  q u i t e  s i m i l a r  t o  those f o r  unexposed g i r l s .  

These f i n d i n g s  sugges t  t h a t  r e t a r d a t i o n  i n  s t a t u r e  among the  exposed 
g i r l s  occurred e a r l i e r  and was less prominent and of s h o r t e r  d u r a t i o n  than  
among t h e  exposed boys. 

pared wi th  t h a t  i n  unexposed age pee r s  ( s e e  Fig.  2 ) .  Th i s  r e t a r d a t i o n  was par- 
t i c u l a r l y  prominent when the  boys were 14,  15, and 16 yea r s  o l d ,  and Figure  2 
i n d i c a t e s  t h a t  i t  occurred i n  both  age groups ( t h o s e  aged <5 and aged 5 t o  10 
i n  1954). 

group exposed a t  age < lo ,  s k e l e t a l  ma tu ra t ion  lagged s i g n i f i c a n t l y  behind t h a t  
i n  the  unexposed g i r l s  u n t i l  about age 10, and t h e r e a f t e r  t h e  gap progres-  
s i v e l y  narrowed. F igure  2 sugges t s  t h a t  t h i s  r e t a r d a t i o n  i n  osseous matura- 
t i o n  among exposed g i r l s  occurred p r i m a r i l y  among those  exposed a t  age <5 and 
t o  a ve ry  l i m i t e d  degree i n  those  exposed a t  age 5 t o  10. 

The two younger age groups were combined (age  0- t o  

Osseous ma tu ra t ion  among exposed boys was s i g n i f i c a n t l y  r e t a r d e d  com- 

F igure  2 a l s o  shows a s imilar  comparison among g i r l s .  For the  e n t i r e  

D. D i scuss ion  

Growth s t u d i e s  on young people  exposed t o  r a d i a t i o n  from t h e  atomic 
bombs i n  Hiroshima and Nagasaki showed t h a t  t h e i r  a d u l t  h e i g h t s  were s i g n i f i -  
c a n t l y  lower than those of t he  c o n t r o l s  (55) .  S i m i l a r  ana lyses  were c a r r i e d  
out on s t a t u r a l  d a t a  from i n h a b i t a n t s  of Rongelap and Ai l ingnae  A t o l l s  who 
were exposed a s  c h i l d r e n  t o  f a l l o u t  r a d i a t i o n .  The presumptive a d u l t  ( f i n a l )  
s t a t u r e  f o r  each exposed c h i l d  is  t a b u l a t e d  i n  Appendix 111. Thi s  s t a t u r e  i s  
e i t h e r  t h e  p l a t eau  v a l u e  when s e v e r a l  measurements remained t h e  same, o r  t h e  
l a t e s t  measurement (made a f t e r  t he  s u b j e c t  was >20 yea r s  o l d )  i f  t he  l a t e s t  
p r i o r  measurement had cont inued t o  show i n c r e a s e .  

- 2 8  - 



MALES 0- IO  
EXPOSED a--a n= 

/ i I80 

I I , ,  , , , / I  , l l l l l i l l l l l  
- 
- UNEXPOSED - n=7 

EXPOSED n = 3  

6 0 0  2 4 6 8 IO 12 14 16 18 20 22 2 4  

w THYROID STARTED I 120 

IO0 

ON 23,32 

THYROID STARTED 
ON 2,3,5,54 

2 4 6 8 IO 12 14 16 18 20 2 2  2 4  

MALES T 5-10 

EXPOSED A- - A  n = 4  

8 0 m - l  60 2 4 6 8 IO 12 14 16 18 20 22 24  

AGE 

Fig. 1 .  S t a t u r e .  Group ages 
as of March 1 ,  1954. 

UNEXPOSED O-O n.22 FEMALES 0-10 
EXPOSED o - - ~  n =  

I80 
- 

5 160- - - 
t- 
I 140- 
2 -  
= 120- 

loo 

8 0 - d  

W 

r 

- 
- 

i 

2 4 6 8 10 12 14 16 18 20 2 2  2 4  

UNEXPOSED - n.15 
EXPOSED a - - ~  n = 6  

I80 

4 0 2  2 4 6 8 10 12 14 16 18 20 22 24  

180 'c 

60 
2 4 6 8 IO I2 14 16 18 20 2 2  2 4  

EXPOSED e- n = 8  

180 

2 160- 

,- 140-  

W 

I -  

0 -  - 
r -  
w 120- 

100 

80 

- 
- 
- 
- 

2 .  4 6 8 10 12 14 16 18 20 22 
AGE 

- 29 - 



Zt 1 l - L L I I - I i I L I l _ U &  
2 4 6 8 10 12 14 16 18 20 

AGE 

MALES 0-5  
I I I I I I I  1 1  1 1  1 1  1 

18 - UNEXPOSED 0-0 n.9 - 

- EXPOSED n = 6  
- 1 I6 
c 

14 t 

6l 4 

LL 
2 

l , , l I / 1 1 I l l I  1 1 -  

4 6 8 IO  12 I4 16 
AGE 

1 1 
18 20 

MALES 5-10 

14 
W 

A -  
- 

J -  - 

$ 8- I 
- , 

4t 
2 4 6 8 10 12 14 16 18 20 

AGE 

FEMALES 0-10 

EXPOSED n.9 

AGE 

14 
w 

IO 
J W 

5 8  

I 

:"[ 14 

/- ! 
/ $  
I 

"r 4 

2 4 6 8 10 12 14 16 18 20 
AGE 

Fig.  2 .  Skeleta l  age. Group ages as  of March 1 ,  1954. 

- 30 - 
A 



It  i s  g e n e r a l l y  assumed t h a t  a d u l t  h e i g h t  i s  a t t a i n e d  when the  s k e l e t a l  
age i s  1 7  t o  18 y e a r s  i n  g i r l s  and 18 t o  19 i n  boys (50 ,52 ,248) ,  but  a c t u a l  
measurements on the  Marsha l l e se  popu la t ion  showed t h a t  many s u b j e c t s  cont inued 
t o  i n c r e a s e  i n  s t a t u r e  wi th  advancing ch rono log ica l  age, even a f t e r  age 30, a l -  
though the  l a t e  increments  were almost always ve ry  sma l l .  A f t e r  the  
Marsha l l e se  reached age 16, absences from the  i s l a n d  a t  t h e  t i m e  of survey 
became more f r e q u e n t ;  t h e r e f o r e ,  t he  time when a d u l t  s t a t u r e  was a c t u a l l y  
a t t a i n e d  is u n c e r t a i n  f o r  many i n d i v i d u a l s .  

of t he  Rongelap i n h a b i t a n t s  who were i n  the  p e d i a t r i c  age group on March 1,  
1954, gave the fol lowing r e s u l t s :  

c a n t  d i f f e r e n c e  i n  mean a d u l t  s t a t u r e  between those born a f t e r  1944 ( < l o  y e a r s  
o l d  on March 1, 1954) and those born b e f o r e  1945 ( > l o  y e a r s  o l d  on March 1, 
1954). 

I n  t h e  exposed group, f o r  bo th  boys and g i r l s ,  t h e r e  was no s i g n i f i -  
c a n t  d i f f e r e n c e  i n  mean a d u l t  s t a t u r e  between those born a f t e r  1944 and those 
born b e f o r e  1945. 

For both boys and g i r l s ,  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  i n  mean 
a d u l t  s t a t u r e  between those who were exposed on Rongelap and Ai l ingnae  t o  f a l l -  
o u t  r a d i a t i o n  and those who were n o t .  

r e a s o n a b l e  t o  assume t h a t  i t s  r e t a r d a t i o n  i n  exposed c h i l d r e n  was due t o  r a d i a -  
t i o n  damage t o  the  t h y r o i d  g l ands .  The marked r e t a r d a t i o n  o f  s k e l e t a l  matura- 
t i o n  followed by d rama t i c  improvement a f t e r  t he  a d m i n i s t r a t i o n  of t h y r o i d  hor-  
mone has  been documented i n  the  c h i l d r e n  who were c l i n i c a l l y  hypothyroid ( 1 3 ) .  
The catch-up phenomenon i n  r e s p e c t  t o  osseous ma tu ra t ion  can r easonab ly  be 
a t t r i b u t e d  t o  t h e  a d m i n i s t r a t i o n  of t h y r o i d  hormone t o  t h e  exposed popula- 
t i o n s ,  many of whom were s u b c l i n i c a l l y  hypothyroid ( s e e  S e c t i o n  IX.C.2). 

errs 

S t a t i s t i c a l  ana lyses  (Appendix 111) of the  d a t a  on a d u l t  ( f i n a l )  s t a t u r e  

I n  the  unexposed group, f o r  bo th  boys and g i r l s ,  t h e r e  w a s  no s i g n i f i -  

Since osseous m a t u r a t i o n  i s  dependent on normal t h y r o i d  f u n c t i o n ,  i t  i s  
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V. A G I N G ,  IMMUNOLOGICAL, CHROMOSOME, AND GENETIC STUDIES 

A 

A .  Aging S t u d i e s  

Numerous e m p i r i c a l  s t u d i e s  concerned with p o s s i b l e  rad ia t ion- induced  
aging e f f e c t s  have been c a r r i e d  out  on exposed Rongelap people (8,11-15),  s i m i -  
l a r  t o  those c a r r i e d  out  on t h e  Japanese s u r v i v o r s  (56-63,207). On s e v e r a l  oc- 
cas ions  Rongelap people  were g iven  a b a t t e r y  of n o n s p e c i f i c  tes ts  f o r  ag ing  
(9 ,12 ,13) .  Some of t hese  tes ts  were based on s u b j e c t i v e  assessment ,  on a 0 t o  
4+ s c a l e ,  of i t e m s  such as greyness  of h a i r ,  a r cus  s e n i l i s ,  s e n i l e  changes i n  
the  s k i n ,  ba ld ing ,  e t c . ,  bu t  most involved d i r e c t  measurements of i tems such 
a s  s k i n  looseness ,  s k i n  e l a s t i c i t y ,  v i s u a l  accommodation, v i s u a l  a c u i t y ,  hear-  
ing ( aud iomet r i c ) ,  blood p r e s s u r e ,  neuromuscular func t ion  ( l i g h t  e x t i n c t i o n  
t e s t ) ,  hand s t r e n g t h  (dynamometer), v i b r a t o r y  sense  (v ib romete r ) ,  and l e a n  
body mass (whole-body potassium by gamma s p e c t r o g r a p h i c  a n a l y s i s ) .  Comparison 
of t hese  va lues  i n  the  exposed and unexposed Marsha l l e se  showed no s i g n i f i c a n t  
d i f f e r e n c e s .  The b i o l o g i c a l  age sco res  (average  percent  s c o r e )  f o r  t h e  two 
groups are about t h e  same. Aging s t u d i e s  a l s o  r e s u l t e d  i n  nega t ive  f i n d i n g s  
i n  the  Japanese s u r v i v o r s ,  and they have no t  been pursued i n  t h e  Marsha l lese  
dur ing  the  pas t  5 years .  

Beebe e t  a l .  (631 ,  from m o r t a l i t y  s t u d i e s  of t he  Japanese exposed t o  t h e  
atomic bombs, r e p o r t  t h a t  they do no t  f i n d  suppor t  f o r  t he  b e l i e f  t h a t  d i s -  
eases  o t h e r  than  cancer  a r e  involved i n  t h e  l a t e  m o r t a l i t y  e f f e c t  and t h a t  " t o  
the  e x t e n t  t h a t  t he  hypo thes i s  of a c c e l e r a t e d  ag ing  r e q u i r e s  t h a t  r a d i a t i o n  in-  
c r ease  m o r t a l i t y  from d i s e a s e  g e n e r a l l y ,  t hese  f i n d i n g s  c a s t  doubt upon t h a t  
hypo thes i s  .I' 

B. Imnunological S t u d i e s  

A number of e m p i r i c a l  s t u d i e s  f o r  p o s s i b l e  r a d i a t i o n  e f f e c t s  on innnuno- 
l o g i c a l  s t a t u s  have been c a r r i e d  ou t  on t h e  Rongelap people  i n  p a s t  yea r s  
(6,8,11-15,30-32), s i m i l a r  t o  those  conducted on t h e  Japanese  s u r v i v o r s .  
These s t u d i e s  were reviewed i n  t h e  20-year r e p o r t  ( 1 )  and may be b r i e f l y  sum- 
marized as fo l lows:  

of t h e s e  e lements  w a s  r e f l e c t e d  i n  any apparent  i nc reased  s u s c e p t i b i l i t y  t o  
d i s e a s e .  

A t  3 years post-exposure,  t e s t s  of an t ibody response  t o  t e t a n u s  
toxoid  showed no s i g n i f i c a n t  d i f f e r e n c e  between t h e  exposed and unexposed 
people  ( 6 ) .  

( p a r t i c u l a r l y  t h e  IgG moiety)  w i th  i n c r e a s i n g  age but  no d i f f e r e n c e s  between 
exposed and unexposed people  (30) .  

Lymphocyte f u n c t i o n  a s  measured by response  t o  phytohemaglut inin 
(PHA) s t i m u l a t i o n ,  and a c e t y l a t i o n  of h i s t o n e s  i n  lymphocyte n u c l e i ,  both 
showed dec reases  wi th  aging but  no r a d i a t i o n  e f f e c t s  (30,64) .  

hypo-diploid changes i n  c e r t a i n  age groups t h a t  may have been r e l a t e d  t o  r ad ia -  
t i o n  exposure (32). 

Nei the r  t h e  acu te  dep res s ion  of blood elements  nor  delayed recovery  

Assays f o r  immunoproteins showed inc reased  l e v e l s  of gamma g l o b u l i n s  

Chromosome counts  i n  PHA-stimulated lymphocytes showed hyper- and 
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Thus s e v e r a l  i n d i c a t i o n s  have been seen  of impairment o r  b o r d e r l i n e  de- 
f i c i e n c y  of t h e  immunological s t a t u s  i n  the  exposed Rongelap people  i n  e a r l i e r  
y e a r s ,  bu t  no evidence t h a t  such d e f i c i e n c y  was r e l a t e d  t o  d i s e a s e  i n c i d e n c e ,  
with the  p o s s i b l e  e x c e p t i o n  t h a t  t h e  inc reased  development of t h y r o i d  malig- 
nancv i n  the  exposed Rongelap peop le  may be an  i n d i c a t i o n  o f  reduced i m u n o -  
l o g i c a l  s u r v e i l l a n c e .  Recent r i s e s  of leukocyte  and gamma g l o b u l i n  l e v e l s  
t o  c o n t r o l  v a l u e s  i n d i c a t e  some degree of r ecove ry ,  b u t  b e t t e r  t e s t s  f o r  
innnunological s t a t u s  are needed. 

C. Chromosome and Gene t i c  S t u d i e s  

1. Chromosome S t u d i e s  

I n  1964 chromosome p r e p a r a t i o n s  w e r e  ob ta ined  from lymphocytes c u l t u r e d  
from the  p e r i p h e r a l  blood of 43 exposed ( 2 1  age <20; 2 2 ,  age >20) and 8 unex- 
posed Rongelap peop le  (65 ) .  Chromosome a b e r r a t i o n s  were noted i n  23 of t h e  
exposed and i n  5 of t he  unexposed Marsha l l e se ,  b u t  the  exposed group had a num- 
b e r  of two-break a b e r r a t i o n s  ( r e p r e s e n t e d  by d i c e n t r i c  chromosomes, t r a n s l o c a -  
t i o n s ,  and a r i n g  form) t h a t  a r e  thought t o  be a s s o c i a t e d  wi th  r a d i a t i o n  expo- 
s u r e .  No two-hit a b e r r a t i o n s  were found i n  t h e  unexposed group,  b u t  both 
groups had an unusual  number of a c e n t r i c  f ragments ,  t he  cause of which i s  no t  
known. P a r a d o x i c a l l y ,  t h e  lower-exposure Ai l ingnae  group had more a b e r r a t i o n s  
than t h e  Rongelap group who had a h i g h e r  exposure.  These s t u d i e s  i n d i c a t e  
t h a t  a s m a l l  b u t  s i g n i f i c a n t  number of chromosome a b e r r a t i o n s  p e r s i s t e d  i n  
blood lymphocytes i n  some Marsha l l e se  as l a t e  as 10 y e a r s  a f t e r  exposure.  The 
r e s u l t s  are  c o n s i s t e n t  w i th  t h o s e  of s i m i l a r  s t u d i e s  on t h e  exposed Japanese  
fishermen ( 6 6 1 ,  on v i c t i m s  of o t h e r  r a d i a t i o n  a c c i d e n t s  ( 6 7 1 ,  and on Japanese 
bomb s u r v i v o r s  (68 ) .  

2. I s o l e u c i n e  Mis incorpora t ion  i n  Hemoglobin A of Marshal lese"  

Adult  human hemoglobin A h a s  no coded i s o l e u c i n e ;  t h u s ,  t he  presence o f  
i s o l e u c i n e  i n  hemoglobin A must r e s u l t  from e r r o r s  i n  t r a n s c r i p t i o n  o r  t r a n s l a -  
tion or from somatic mutations (1,35,37). Between 1974 and 1978, analyses 
w e r e  made of t h e  i s o l e u c i n e  c o n t e n t  (35) i n  hemoglobin A of  52 exposed 
Y a r s h a l l e s e ,  4 of whom were exposed -- i n  u t e r o ;  25 sex- and age-matched con- 
t r o l s ;  and 5 c h i l d r e n  born a f t e r  1954, one o r  bo th  o f  whose p a r e n t s  had been 
exposed. The frequency of i s o l e u c i n e  s u b s t i t u t i o n  f o r  o t h e r  amino a c i d s  i n  
hemoglobin A was c a l c u l a t e d  by d i v i d i n g  t h e  nanomoles o f  i s o l e u c i n e  by t h e  
t o t a l  nanomoles of a l l  o t h e r  amino a c i d s  i n  each sample. The average frequen- 
c i e s  are shown i n  Tab le  1. Values >5x10-5 are cons ide red  t o  be above t h e  nor- 
m a l  range.  Among 25 c o n t r o l s ,  4 showed v a l u e s  >5x10-5, b u t  r e p e a t  a n a l y s e s  on 
two of t h e s e ,  t h e  fol lowing y e a r ,  gave v a l u e s  < 5 ~ 1 O - ~ .  
posed when 1 t o  30 y e a r s  o f  age ,  13  showed i s o l e u c i n e  s u b s t i t u t i o n  f r equenc ie s  
> 5 ~ 1 O - ~ .  Values f o r  11 o f  them were between 5.85 and 1 9 . 7 9 ~ 1 0 - ~ .  A s  a group, 
o n l y  t h e  persons exposed t o  175 R had v a l u e s  s i g n i f i c a n t l y  d i f f e r e n t  from 

Among 48 persons ex-  

*Drs. R.A. Popp, E.G. B a i l i f f ,  and C.P. H i r sch  (Biology D i v i s i o n ,  Oak Ridge 
Na t iona l  Labora to ry ,  Oak Ridge, TN). 
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c o n t r o l s ,  a l though two hemoglobin samples ,  6A and 8 A ,  from the  group of 9 ind i -  
v i d u a l s  exposed t o  69 R had h igh  con ten t s  of i s o l e u c i n e .  

Tab le  1. Frequency of s u b s t i t u t i o n  of i s o l e u c i n e  f o r  o t h e r  amino a c i d s  
i n  human hemoglobin from Marsha l lese .  

N o .  of Sub s t i t  u t ion  
Exposure (R).  samples f requency 2 SEM (x 105) p value* 

0 c o n t r o l s  25 
175 39 
69 9 

175 i n  u t e r o  3 
69 i n  u t e r o  1 

0 o f f s p r i n g  5 

-- 
-- 

3.09 f 0.33 
4.77 f 0.67 
4.45 t 1.16 
3.26 f 0.64 
6.84 
5.24 f 0.85 

0.05>p>0.025 
NS 
NS 
NS 
NS 

* P r o b a b i l i t y  of s i g n i f i c a n t  d i f f e r e n c e  from c o n t r o l s .  

Blood samples were ob ta ined  from 9 exposed persons  i n  s u c c e s s i v e  y e a r s  
t o  determine whether f l u c t u a t i o n s  i n  i s o l e u c i n e  con ten t  occur red .  The data  
a r e  shown i n  Table  2. F l u c t u a t i o n s  noted f o r  samples 3R, 24R, 35R, and 7 1 R  
could be due t o  v a r i a n t  c lones  of e r y t h r o c y t e s  a r i s i n g  from i n d i v i d u a l  s t e m  
c e l l s ,  which appear  and d i s a p p e a r  from t h e  p e r i p h e r a l  c i r c u l a t i o n .  Such f luc -  
t u a t i o n s  have n o t  been observed i n  specimens from normal l a b o r a t o r y  personnel .  

Table  2. Frequency of s u b s t i t u t i o n  of i s o l e u c i n e  i n  samples analyzed i n  
consecu t ive  yea r s .  

S u b s t i t u t i o n  frequency 

Exposure (R) Sample number 1974 1975 1976 
(x  105) 

175 
175 
175 
175 
175 

69 
69 
69 
69 

3 R  
24R 
33R 
3 5R 
7 1 R  
6A 

41A 
44A 
45A 

19.79 1.76 6.69 
13.45 7.00 
4.74 2.16 
5.19 2.17 
8.29 1.45 2.85 
6.98 6.29 

2.56 3.10 
4.04 2.17 
3.65 3.23 
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Studies are now being done at Oak Ridge National Laboratory on the mis- 
incorporation of isoleucine into hemoglobins of experimental mammals in at- 
tempts to understand the basis for the elevated isoleucine content in the hemo- 
globin of some Marshallese. The natural frequency of misincorporation of 
isoleucine in hemoglobins of marmoset, sheep, and cow and in the alpha and 
beta chains of pig and rabbit, respectively, is between 2.2 and 5.0~10-5 ( 6 9 ) .  
In irradiated animals the misincorporation appears to be due primarily to 
translational errors rather than to somatic mutations; in humans it probably 
represents a combination of translational errors and somatic mutations. 

Gr3 

3 .  Detection of Mutant Proteins* 

As the least biased approach currently available to an estimation of the 
potential genetic effects of the exposures sustained by the Marshallese, a 
series of proteins of the blood serum and erythrocytes have been examined by 
electrophoresis ( 3 4 )  for genetic variants, in samples derived from children 
born to persons exposed on Rongelap, Ailingnae, and Utirik and from children 
born to parents sustaining no unusual radiation exposure. The proteins are as 
follows: adenosine deaminase, adenylate kinase, aldolase, carbonic anhydrase, 
2,3-diphosphoglyceroutase, galactose-1-phosphate uridylyltransferase, 
indophenol "oxidase," isocitrate dehydrogenase, lactate dehydrogenase, malate 
dehvdrogenase, nucleoside phosphorylase, peptidase A, peptidase B, 
phosphoglucomutase-1, phosphoglucomutase-2, 6-phosphogluconate dehydrogenase, 
phosphoglycerate kinase, phosphohexose isomerase, triosephosphate isomerase, 
albumin, ceruloplasmin, haptoglobin, hemoglobin A, hemoglobin A*, and 
transferrin. 

manifest itself in these children as variant proteins present in the child but 
not in either parent. Further, one would expect a higher frequency of muta- 
tional events in the children of exposed than of non-exposed parents. On the 
other hand, it was realized from the first that the number of children avail- 
able for study was very small indeed, and it was almost inconceivable that a 
genetic effect of the irradiation experience could be detected. The control 
children are of two types: 
exposed parents before the irradiation. In the control population we have 
tested 1897 gene products for the occurrence of mutation, with no positive 
findings. In the children born to exposed subjects, we have tested 1835 gene 
products, again with no mutations. Present knowledge about the frequency of 
both spontaneous and radiation-induced mutations detectable by electro- 
phoresis in humans indicates that no single population, even the survivors in 
Hiroshima and Nagasaki, is of sufficient size t o  answer some of the questions 
concerning radiation effects. 
sults of studies on a number of different types of populations in order to ad- 
vance the question materially; the observations on the Marshallese are thus 
part of a larger body of data which is slowly accumulating. 

The theory is that some portion of the total mutational spectrum will 

those born to unexposed parents, and those born to 

It will probably be necessary to pool the re- 

*Drs. J . V .  Neel, H. Mohrenweiser, and R.E. Ferrel (U. of Michigan, Ann Arbor). 
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V I .  PARASITOLOGIC SURVEYS AND SUPPRESSIVE ANTI-HELMINTH TREATMENT 
ON RONGELAP AND U T I R I K  ATOLLS, MARSHALL ISLANDS, 1977-1979* 

A.  Background 

The f i r s t  formal  p a r a s i t o l o g i c  survey  w i t h i n  the  area exposed t o  f a l l o u t  
w a s  conducted on Rongelap A t o l l  i n  1958 (141, one year  a f t e r  t h e  r e t u r n  of i t s  
i n h a b i t a n t s .  A t  t h a t  t i m e ,  s t o o l s  from 181 persons were examined by s tandard-  
i zed  d i r e c t  s a l i n e  mounts and by formal in-e ther  c o n c e n t r a t i o n ,  and r evea led  an 
o v e r a l l  65% r a t e  of i n f e c t i o n  wi th  p a r a s i t e s  cons idered  a t  l e a s t  p o t e n t i a l l y  
pathogenic .  Included were T r i c h u r i s  t r i c h i u r a  (34 .3%) ,  hookworm (5 .5%) ,  patho- 
genic  ( l a r g e  r a c e )  Entamoeba h i s t o l y t i c a  (18.2%), and Gia rd ia  l ambl i a  (6 .9%) .  
No human A s c a r i s  was de t ec t ed  on Rongelap a t  t h a t  t i m e ;  however, s e v e r a l  spe- 
c i e s  of non-pathogenic i n t e s t i n a l  p ro tozoa  were i d e n t i f i e d .  Not unexpec ted ly ,  
t r i c h u r i a s i s  was e s p e c i a l l y  preva, lent  i n  t h e  6 t o  20-year age group, which had 
an i n f e c t i o n  r a t e  of 70.0%. Eos inoph i l i a  (>5%) was found i n  67.8% of 109 i n d i -  
v i d u a l s  t e s t e d .  

c a l l y  on an i n d i v i d u a l  b a s i s  during subsequent  y e a r s ,  no s y s t e m a t i c  a t t empt  a t  
island-wide t r ea tmen t  was made on Rongelap u n t i l  1977-8, when a broad-spectrum 
helminth e r a d i c a t i o n / s u p p r e s s i o n  e f f o r t  w a s  undertaken.  By t h a t  time it had 
become c l e a r  t h a t  roundworm ( A s c a r i s )  i n f e c t i o n  had been in t roduced  and was a 
s i g n i f i c a n t  problem t o  the  a t o l l  i n h a b i t a n t s .  A s i m i l a r  e f f o r t  w a s  made on 
U t i r i k  i n  1978-9, bu t  i t  was l i m i t e d  t o  the  u s e  of an agent  known t o  be primar- 
i l y  a s c a r i c i d a l .  These e f f o r t s  were made p o s s i b l e  by generous donat ions  of 
mebendazole (VermoxR) by Ortho Pharmaceut ica ls  and of p y r a n t e l  pamoate 
(AntiminthR) by Roer ig  Div i s ion  of P f i z e r  Pharmaceut ica ls .  The sampling and 
t r ea tmen t  methods employed and t h e  r e s u l t s  ob ta ined  a r e  desc r ibed  here .  A l -  
though t r ea tmen t  was aimed only  a t  i n t e s t i n a l  he lminths ,  some informat ion  r e -  
gard ing  the  p reva lence  of i n t e s t i n a l  p ro tozoa  w a s  a l s o  ga thered .  The l a t t e r  
da t a  are presented  i n s o f a r  a s  they a r e  a v a i l a b l e  ( s i n c e  sampling methods b e s t  
s u i t e d  f o r  d i a g n o s i s  of he lmin th ic  i n f e c t i o n  may be inadequate  f o r  i d e n t i f y i n g  
i n t e s t i n a l  p ro tozoa ) ,  and t h e  r e s u l t s  f o r  t he  two a t o l l s  a r e  compared. 

Although a n t i - p a r a s i t i c  t r ea tmen t  of va r ious  k inds  w a s  g iven  sporad i -  

B. Methods 

Because donat ions  of a n t h e l m i n t h i c s  were obta ined  a t  d i f f e r e n t  t i m e s ,  
t h e  sampl ingl t rea tment  schedules  on the  two a t o l l s  were not  concurren t .  
ment with mebendazole on Rongelap began a f t e r  an i n i t i a l  s t o o l  sampling i n  
June 1977. Treatment with p y r a n t e l  pamoate on U t i r i k  began a f t e r  a f i r s t  

T rea t -  

*Supported i n  p a r t  by Div i s ion  of Hosp i t a l s  and C l i n i c s  Grant  ORL 79-01-77, 
Bureau of Medical S e r v i c e s ,  HSA, U.S. P u b l i c  Heal th  S e r v i c e ,  DHEW. Ca r r i ed  
out  by W.A. Kro tosk i  ( T r o p i c a l  I n f e c t i o u s  Disease Research Program, C l i n i c a l  
Research Dept. ,  USPHS H o s p i t a l ,  New Or leans ,  LA 701181, F.B. Cogswell (Dept. 
of T r o p i c a l  Medicine,  School of P u b l i c  Heal th  and T r o p i c a l  Medicine,  Tulane 
U.,  New Or leans ,  LA 701121, and K.D. Knudsen, R.A. Conard, and H.S. P r a t t  
(Brookhaven Na t iona l  Labora tory ,  Upton, NY 11973). 
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sampling i n  March 1978. Both immediate follow-up p e r i o d s  extended through 
September 1979, bu t  a " f i n a l "  long-term sampling follow-up i s  planned f o r  
November 1980, p o s s i b l y  as a p re lude  t o  i n s t i t u t i o n  o f  long-term p a r a s i t e -  LJ s u p p r e s s i v e  e f f o r t s .  

The t r ea tmen t  p l a n  f o r  t h e  two a t o l l s ,  though no t  t h e o r e t i c a l l y  i d e a l ,  
was based on l o g i s t i c a l  r e a l i t i e s  as t o  what would be a t t a i n a b l e  i n  t h e  con- 
t e x t  of h e a l t h  su rveys  and p h y s i c i a n  v i s i t s .  Following i n i t i a l  s t o o l  su rveys ,  
t r ea tmen t  with each agen t  w a s  t o  be g iven  a t  q u a r t e r l y  i n t e r v a l s  t o  a l l  inhabi-  
t a n t s  of t h e  r e s p e c t i v e  a t o l l s  except  pregnant  women and c h i l d r e n  aged <2 
yea r s .  Follow-up surveys were t o  be conducted j u s t  b e f o r e  t h e  t h i r d  q u a r t e r l y  
t r ea tmen t  and 9 months t h e r e a f t e r .  On Rongelap t h e  schedu le  was ma in ta ined ,  
but  s h i p  damage caused schedu le  a l t e r a t i o n s  d u r i n g  t h e  e r a d i c a t i o n / s u p p r e s s i o n  
a t t empt  on U t i r i k  which r e s u l t e d  i n  some v a r i a t i o n  from t h e  t r ea tmen t / sampl ing  
p l an .  The a c t u a l  s chedu les  a t t a i n e d  a re  shown i n  Table 1. 

Tab le  1. Sampling ( S )  and t r ea tmen t  (T) schedu les  on 
Rongelap and U t i r i k  A t o l l s ,  1977-1979. 

Ronsze l a D  U t i r i k  

1977: June  

1978: January 
S ep t ember 

March 
June 
S ep t ember 

March 
June 
September 

1979: January 

S T 
T 

S T 
- 

- - 
- - 
S T 

Sampling. To the  e x t e n t  t h a t  they were i n  any way r e a c h a b l e ,  a l l  i nhab i -  
t a n t s  of Rongelap A t o l l  were p r e v a i l e d  upon t o  submit s t o o l  specimens a t  each 
sampling pe r iod .  I n  s p i t e  of s t r o n g  f e c a l  t aboos ,  samples were ob ta ined  from 
a t  l eas t  90% of t h e  popu la t ion  by d i l i g e n t  follow-up of dispensed s t o o l  con- 
t a i n e r s .  

The l a r g e r  popu la t ion  o f  U t i r i k  ($300) precluded t h e  p o s s i b i l i t y  of 
t o t a l  sampling d u r i n g  t h e  l i m i t e d  su rvey  pe r iod .  I n s t e a d ,  a cohor t  o f  20+% of  
t h e  popu la t ion  w a s  followed t o  t h e  e x t e n t  p o s s i b l e ,  and w a s  used as an  index 
o f  t he  popu la t ion  as a whole. I f  c o h o r t  members were no t  p r e s e n t  on t h e  is-  
land d u r i n g  a survey (away a t  s choo l ,  on a v i s i t ,  e t c . ) ,  replacements  were 
picked a t  random t o  f i l l  ou t  t h e  t h r e e  c a t e g o r i e s :  a d u l t  males, a d u l t  fe-  
males,  and c h i l d r e n .  Again, d i l i g e n t  follow-up o f  dispensed c o n t a i n e r s  pro- 
v ided  t h e  r e q u i s i t e  popu la t ion  samples. 

r e t u r n e d  each day was put  i n t o  an i n d i v i d u a l l y  i d e n t i f i e d  1-dram v i a l  
P rocess ing  of Specimens. An a l i q u o t  of 0.5 t o  1 g of each specimen 

- 37 - 



con ta in ing  1.5 m l  of newly mixed merthiolate-iodine-formalin (MIF) (70)  and 
thoroughly comminuted t o  ensure  adequate  f i x a t i o n .  The preserved  samples were 
t r anspor t ed  t o  the  T r o p i c a l  I n f e c t i o u s  Disease Research Program Labora tory ,  
U.S. Pub l i c  Heal th  S e r v i c e  H o s p i t a l ,  New Or leans ,  LA, where they were examined 
both by a s t anda rd ized  d i r e c t  smear method (2 mg) and by an e t h e r  concentra-  
t i o n  technique us ing  the  e n t i r e  sample.  

chewable t a b l e t )  twice d a i l y  f o r  3 days,  monitored e i t h e r  p e r s o n a l l y  by t h e  
survey phys ic i an  o r  under h i s  supe rv i s ion  by t h e  i s l a n d  Heal th  Aide. 
90% of t h e  i n h a b i t a n t s  p r e s e n t  dur ing  the  q u a r t e r l y  v i s i t s  and e l i g i b l e  f o r  
t rea tment  (pregnant  women and c h i l d r e n  aged <2 yea r s  were excluded)  were so  
t r e a t e d  a t  t he  scheduled q u a r t e r l y  i n t e r v a l s .  

Treatment on U t i r i k  with p y r a n t e l  pamoate suspens ion ,  10 mg per  pound 
body weight ,  s i n g l e  dose,  was g iven  t o  a t  l e a s t  90% of t h e  e l i g i b l e  inhabi -  
t a n t s  p re sen t  during the  q u a r t e r l y  v i s i t s  i n d i c a t e d  i n  Table  1. Body weight 
was determined wi th  a p o r t a b l e  s c a l e .  Coverage of t he  popu la t ion  was a t t a i n e d  
by us ing  survey l i s t s  and by many mi les  of footwork on t h i s  r e l a t i v e l y  s m a l l  
is1 and. 

Treatment .  Treatment on Rongelap c o n s i s t e d  of mebendazole, 100 mg (one 

A t  l e a s t  

C. Resu l t s  and Discuss ion  

I n t e s t i n a l  Pro tozoa  - Rongelap - and U t i r i k  A t o l l s .  I n t e s t i n a l  p ro tozoa  
observed dur ing  t h e  l a s t  survey on Rongelap A t o l l  (September 1979) inc luded  
amebae ( n o t  d i f f e r e n t i a t e d  i n t o  pathogenic  and non-pathogenic s p e c i e s )  i n  - - 

26.5% of specimens,  and Gia rd ia  lambl ia  i n  17.6%; no Balant idium c o l i  were 
seen d e s p i t e  t h e  l a r g e  number of free-roaming p i g s  on t h e  i s l a n d .  

I n t e s t i n a l  protozoa found i n  U t i r i k  A t o l l  i n h a b i t a n t s  i n  September 1979, 
concur ren t ly  wi th  a minor epidemic of mild d i a r r h e a l  d i s e a s e ,  inc luded  amebae 
i n  7.6%, Gia rd ia  l ambl i a  i n  5.1%, and Balant idium c o l i  i n  7.6%, t h e  Gia rd ia  
and Balant idium be ing  p r e s e n t  i n  s u r p r i s i n g l y  l a r g e  numbers i n  some specimens.  
Amebae i d e n t i f i e d  inc luded  Entamoeba h i s t o l y t i c a  ( c y s t s  and t r o p h o z o i t e s ) ,  
Entamoeba c o l i ,  and Iodamoeba b c t s c h l i i .  I t  must be s t r e s s e d  t h a t ,  s i n c e  the  
survey w a s  concerned almost e x c l u s i v e l y  with i n t e s t i n a l  he lminths ,  whereas MIF 
i s  no t  t he  f i e l d  f i x a t i v e  of choice  f o r  d i r e c t  o b s e r v a t i o n  of pro tozoa ,  t hese  
r e s u l t s  cannot be cons idered  d e f i n i t i v e .  Neve r the l e s s ,  t h e  presence of t h e  
primary p ro tozoa l  pathogens,  G ia rd ia  l ambl i a ,  Entamoeba h i s t o l y t i c a ,  and 
Balant idium c o l i ,  on U t i r i k  A t o l l  w a s  v e r i f i e d  under c i rcumstances no t  incon- 
s i s t e n t  wi th  t h e i r  be ing  involved i n  the  e t i o l o g y  of t h e  d i a r r h e a  observed.  
During t h e  November 1980 survey ,  a p p r o p r i a t e  m a t e r i a l s  f o r  surveying  protozoa 
w i l l  be  inc luded .  

Rongelap A t o l l  i n h a b i t a n t s  b e f o r e  and dur ing  the  pe r iod  of suppres s ive  t r e a t -  
ment with mebendazole a r e  l i s t e d  i n  Table  2 (A and B) (71 ) .  

A s  i n  1958, T r i c h u r i s  t r i c h i u r a  was t h e  most p r e v a l e n t  p a r a s i t e  de- 
t e c t e d .  A t  t h e  s t a r t  of t he  c u r r e n t  survey i n  June 1977, 73.0% of t h e  popula- 
t i o n  t e s t e d  (163) was i n f e c t e d ,  i nc lud ing  80.2% of c h i l d r e n  (96)  and 62.4% of 
a d u l t s  (67 ) ;  t h i s  r e p r e s e n t s  a g r e a t e r  than  twofold i n c r e a s e  s i n c e  t h e  1958 
survey  . 

- 

I n t e s t i n a l  Helminths - Rongelap A t o l l .  I n t e s t i n a l  helminths  found i n  
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T a b l e  2. Pe rcen t  of s t o o l s  t e s t e d  found p o s i t i v e  f o r  v a r i o u s  he lminth  eggs.  trrs 
P o s i t i v e  Pe rcen t  of 

No. t o t a l  group 
T r i c h u r i s  Ascaris  Hookworm Negat ive t e s t e d  t e s t e d  

A .  Rongelap A t o l l ,  1977-1979, Group aged 2-14 y e a r s  ( e s t i m a t e d  t o t a l  
persons  = 106) 

Jun  77 80.2 38.5 1.0 15.6 96 90 
Rx ( J u n )  
Rx (Sep) 

Rx ( J a n )  
J a n  78 22.7 3.4 0.0 76.1 88 83 

Sep 78 20.0 4.6 0.0 76.9 65 61 
Sep 79 68.2 22.7 0.0 18.2 22 21 

B. Rongelap A t o l l ,  1977-1979, Group aged - >15 y e a r s  ( e s t i m a t e d  t o t a l  
persons  = 74) 

Jun  77 62.4 4.4 2.9 34.3 67 90 
R x  ( J u n )  
Rx (Sep) 

Rx ( J a n )  
J a n  78 8.6 0.0 0.0 91.3 58 78 

Sep 78 2.3 2.3 0.0 92.8 42 57 
Sep 79 12.5 6.2 0.0 75.0 16 22 

C. U t i r i k  A t o l l ,  1978-1979, Group. aged 2-14 y e a r s  ( e s t ima ted  t o t a l  
persons  = 136) 

Mar 78 100 44.9 0 0 29 21 

Sep 78 97.0 23.4 0 1.6 64 46 
Rx ( M a r )  

Rx (Sep) 
Rx ( J a n )  

Sep 79 96.4 18.8 3.7 3.7 53 39 

D. U t i r i k  A t o l l ,  1978-1979, Group aged - >15 y e a r s  ( e s t ima ted  t o t a l  
persons  = 128) 

Mar 78 83.9 10.8 5.4 16.2 37 29 
Rx (Mar) 

Rx (Sep) 
Rx ( J a n )  

Sep 78 88.5 11.5 3.8 7.7 26 20 

Sep 79 92.4 15.4 0 7.7 26 20 
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Ascar i s  lumbr ico ides ,  no t  found a t  a l l  i n  t h e  1958 s tudy ,  was d e t e c t e d  
i n  24.5% of those  t e s t e d ,  i n  1977, i nc lud ing  38.5% of c h i l d r e n  and 4.4% of 
a d u l t s .  I n f e s t a t i o n  by worms was r e l a t e d  t o  t h e  p o s t - f a l l o u t  per iod  by t h e  
Rongelapese,  who appear  t o  g i v e  l e s s  credence t o  t h e  concept of i n t r o d u c t i o n  
being t h e  r e s u l t  of increased  i n t e r - a t o l l  c o n t a c t  made p o s s i b l e  by t h e  g r e a t e r  
a v a i l a b i l i t y  of T r u s t  T e r r i t o r y  sh ipping .  

v i r t u a l l y  unchanged s ince  1958, i f  t h e  inc reased  p o t e n t i a l  f o r  absence of  
s tudy  s u b j e c t s  from t h e  i s l a n d  i s  taken  i n t o  c o n s i d e r a t i o n .  

beginning of t h e  c u r r e n t  s tudy ,  i nc lud ing  15.6% of c h i l d r e n  and 34.3% of 
a d u l t s .  

rnebendazole o n y o n g e l a p  r e s u l t e d  i n  a dramat ic  r educ t ion  i n  popu la t ion  worm 
burden, c l e a r l y  ev iden t  a t  t h e  i n t e r i m  s t o o l  sampling conducted i n  January  
1978, 3 months a f t e r  t h e  second q u a r t e r l y  t rea tment  (Table 2 ,  A and B). Per-  
c e n t  r educ t ions  of 79% and 92% of i n i t i a l  worm burdens of T r i c h u r i s  t r i c h i u r a  
and 'Ascar is  lumbr ico ides ,  r e s p e c t i v e l y ,  had been e f f e c t e d ,  and hookworm w a s  
no t  de t ec t ed .  Of even g r e a t e r  s i g n i f i c a n c e  i s  t h a t  9 months a f t e r  t h e  l a s t  
( January  1978) t rea tment  cour se ,  t h e s e  r educ t ions  were s t i l l  very  much i n  e v i -  
dence (September 1978).  Neve r the l e s s ,  one yea r  l a t e r  (September 1979) a no t -  
unexpected resurgence  of i n f e c t i o n  had taken  p l a c e ,  a l though the  ga ins  
e f f e c t e d  by t h e  t r ea tmen t  had no t  been e n t i r e l y  e l imina ted .  

U t i r i k  A t o l l  i n h a b i t a n t s  t e s t e d  (>20% of t h e  popu la t ion )  are  l i s t e d  i n  Tab le  
2 (C and D) ( 4 ) .  A s  on Rongelap, T r i c h u r i s  t r i c h i u r a  was t h e  most p r e v a l e n t  
p a r a s i t e ,  bu t  t he  l e v e l  of i n f e c t i o n  on U t i r i k  was even h i g h e r :  91% of t h e  
sample t e s t e d  (24% of the  popu la t ion ) .  A s c a r i s  lumbricoides  was p r e s e n t  i n  
25.8% of t h e  i n i t i a l  U t i r i k  samples ,  a l e v e l  v i r t u a l l y  i d e n t i c a l  with t h a t  on 
Rongelap be fo re  suppres s ive  t r ea tmen t .  The hookworm l e v e l  on U t i r i k ,  on ly  
2.2% p o s i t i v e  specimens,  was a l s o  q u i t e  comparable with t h a t  found i n i t i a l l y  
on Rongelap. None of t he  c h i l d r e n  t e s t e d ,  and only  16.2% of t h e  a d u l t s  were 
he lminth- f ree .  

E f f e c t s  of Treatment - U t i r i k  A t o l l .  Population-wide helminth-  
suppres s ive  measures on U t i r i k  were on ly  a g a i n s t  Asca r i s  lumbricoides  and 
hookworm, and c o n s i s t e d  of t h r e e  t r ea tmen t s  ( s e e  Table 1 )  wi th  p y r a n t e l  
pamoate, an an the lmin th ic  not  cons idered  t o  have any e f f e c t  a g a i n s t  T r i c h u r i s .  
(The t r i c h u r i c i d e  o x a n t e l  pamoate was t o  have been used i n  con junc t ion  wi th  
t h e  a s c a r i c i d e  p y r a n t e l  pamoate, bu t  i t  was no t  a v a i l a b l e  because of FDA re- 
s t r i c t i o n s  on i t s  use  i n  popu la t ions  under U.S. j u r i s d i c t i o n . )  The i r  e f f e c -  

The preva lence  of hookworm, d e t e c t e d  i n  only  3 i n d i v i d u a l s  (1 .8%) ,  was 

Only 23.4% of the  popula t ion  t e s t e d  appeared t o  be he lminth- f ree  a t  t h e  

E f f e c t s  of Treatment - Rongelap A t o l l .  Population-wide t rea tment  wi th  

I n t e s t i n a l  Helminths - U t i r i k  A t o l l .  I n t e s t i n a l  he lminths  found i n  t h e  

- -  - 
t i v e n e s s  even a g a i n s t  p y r a n t e l  pamoate 's  main t a r g e t ,  Asca r i s  lumbr ico ides ,  
was d i sappo in t ing :  t h e  r e d u c t i o n  was only  21% a t  6 months a f t e r  t h e  f i r s t  
t r ea tmen t ,  and only  31% a t  9 months a f t e r  t h e  t h i r d  t rea tment  (compared wi th  
96% a t  9 months a f t e r  t he  t h i r d  t r ea tmen t  with mebendazole on Rongelap).  A s  
expec ted ,  t h e  t r i c h u r i a s i s  l e v e l  w a s  no t  reduced,  t h e  mean be ing  93.0% through- 
out t h e  s tudy .  The hookworm l e v e l  was 2.5% a t  t h e  conclus ion  of  t h e  
suppres s ive  e f f o r t .  

a r e  a common cause  of blood e o s i n o p h i l i a ,  p a r t i c u l a r l y  (bu t  no t  e x c l u s i v e l y )  
dur ing  t h e  t i s s u e - m i g r a t i o n  phase of the  p a r a s i t i c  l i f e  c y c l e ,  p e r i p h e r a l  
eos inoph i l  counts  were c o r r e l a t e d  wi th  temporal '  even t s  of t h e  suppres s ive  

Eos inoph i l i a  - Rongelap and U t i r i k  A t o l l s .  Because i n t e s t i n a l  nematodes 
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popu la t ion  t r e a t m e n t s ,  as shown i n  F igu re  1 (72 ) .  Of i n t e r e s t  are: t h e  drop 
i n  mean a b s o l u t e  e o s i n o p h i l  counts  on Rongelap A t o l l  du r ing  broad-spectrum 
a n t h e l m i n t h i c  t r ea tmen t  w i th  mebendazole, fol lowed by r e su rgence  du r ing  t h e  
pos t - t r ea tmen t  p e r i o d ;  and t h e  r e l a t i v e l y  s t a b l e  e o s i n o p h i l i a  on U t i r i k ,  de- 
s p i t e  a s c a r i c i d a l  t r e a t m e n t ,  which appea r s  t o  c o r r e l a t e  with temporal observa- 
t i o n s  on helminth p reva lence  on t h a t  a t o l l .  

51 0 = PYRANTEL PAMOATE (UTIRIK) 
2 = MEBENDAZOLE (RONGELAP) 

W 
I 

- 3  0 3 6 7  9 19 
MONTHS 

Fig .  1. P e r i p h e r a l  e o s i n o p h i l i a  i n  popu la t ions  t rea ted  
f o r  i n t e s t i n a l  p a r a s i t e s .  

D. Conc l u s  ions  

The r e s u l t s  o f  t he  p a r a s i t i c  su rveys  undertaken d u r i n g  s u p p r e s s i v e  e f -  
f o r t s  on Rongelap A t o l l  from 1977 t o  1979 and on U t i r i k  A t o l l  from 1978 t o  
1979 have i n d i c a t e d  the  p re sence  of t hose  i n t e s t i n a l  helminths  expec ted  i n  
non-urban popu la t ions  l i v i n g  i n  t h e  t r o p i c a l  c l i m a t e  of t h e  mid -Pac i f i c ,  and, 
though with l e s s  complete documentation, also of the expected intestinal 
protozoa.  

The i n t r o d u c t i o n  of Ascaris lumbricoides  o n t o  Rongelap A t o l l  fo l lowing  
t h e  1958 survey is w e 1 1  documented i n  t h i s  s tudy .  However, t h e  e x t e n t  of i t s  
s u c c e s s  i n  becoming e s t a b l i s h e d ,  as w e l l  as i t s  p r e s e n c e  t o  t h e  same e x t e n t  on 
U t i r i k  A t o l l ,  sugges t  t h a t  i t s  absence du r ing  t h e  1958 survey may have been 
p a r t l y  anomalous, and may have r e s u l t e d  from the Rongelapese p o p u l a t i o n ' s  pre-  
ceding three-year  absence from t h e i r  i s l a n d .  C e r t a i n l y ,  t h e  people  are now 
v e r y  aware of t h e  p re sence  of roundworm. The e x t e n t  t o  which d i a r r h e a l  d i s -  
ease may be a t t r i b u t e d  t o  endemic i n t e s t i n a l  p a r a s i t e s  i s  u n c l e a r ,  a l t hough  a 
p a r t i a l  cause-and-effect  r e l a t i o n s h i p  is  q u i t e  p robab le  wi th  r e g a r d  t o  t h e  
p r o t o z o a l  pathogens d e t e c t e d .  On t h e  o t h e r  hand, t h e  r e s u l t s  of a r e c e n t  re- 
p o r t  on s h i g e l l o s i s  i n  the  Marshal l  I s l a n d s  ( 7 3 )  would s u g g e s t  t h a t  b a c t e r i a l  
s p e c i e s  may a l s o  be involved i n  d i a r r h e a  on t h e  o u t e r  a t o l l s ;  c o n s i d e r a b l e  con- 
t a c t  now occurs  ( a l b e i t  a t  i n f r e q u e n t  i n t e r v a l s )  between Rongelap, U t i r i k ,  
Ebeye, and Majuro, on t h e  l a t t e r  two of which an ou tb reak  of S h i g e l l a  f l e x n e r i  
d i a r r h e a l  i l l n e s s  was w e l l  documented. 
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Attempts a t  suppres s ion  of endemic i n t e s t i n a l  he lminths  on Rongelap and 
U t i r i k ,  wi th  a d i f f e r e n t  regimen on each,  unde r l ined  the  e f f e c t i v e n e s s  of 
mebendazole ( t h e  more c o s t l y )  and r a i s e d  s e r i o u s  ques t ions  a s  t o  t h e  e f f e c t i v e -  
nes s  of the  recommended dosage of p y r a n t e l  pamoate under the  l o g i s t i c  con- 
s t r a i n t s  of t h e  t iming of BNL v i s i t s  t o  t h e  o u t e r  a t o l l s .  Of cons ide rab le  s i g -  
n i f i c a n c e  i n  the  con tex t  of s u p p r e s s i v e  t r ea tmen t  is the  prolonged suppres s ion  
of p a r a s i t o s i s  ob ta ined  with mebendazole, as  we l l  as i t s  a t t a i n a b l e  e f f e c t i v e -  
ness  a g a i n s t  a l l  t h r e e  endemic helminth p a r a s i t e s .  Even 9 months a f t e r  t he  
l a s t  of t h r e e  q u a r t e r l y  t r ea tmen t s ,  A s c a r i s  and T r i c h u r i s  preva lence  w a s  re -  
duced by 84.7% and 72.3%, r e s p e c t i v e l y .  Th i s  sugges t s  t h a t ,  no twi ths t and ing  
the  a r r i v a l  of p a r a s i t i z e d  persons on the  q u a r t e r l y  Marshal l  I s l a n d s  “ f i e l d  
t r i p ”  s h i p  - a s  was a l s o  occur r ing  dur ing  t h e  survey  per iod  - t r ea tmen t  of t h e  
e n t i r e  popula t ion  every s i x  months ( a f t e r  an i n i t i a l  t h r e e - q u a r t e r l y  suppres-  
s i o n )  should keep these  a t o l l s  a t  a very low l e v e l  of he lmin th ic  i n f e c t i o n  
( t h i s  would be e s p e c i a l l y  t r u e  i f  p reven t ive  t r ea tmen t  were given t o  a l l  per- 
sons coming from i n f e c t e d  a r e a s  a t  t h e  t i m e  of t h e i r  disembarking from the  
Marshal l  I s l a n d s  v e s s e l s ) .  Such a program could be i n s t i t u t e d  as e a r l y  as 
November 1980, beginning  wi th  a complete p a r a s i t i c  survey ,  provided t h a t  
mebendazole were a v a i l a b l e  and t h a t  a consc ien t ious  h e a l t h  a i d e  could be r e -  
c r u i t e d  t o  ensure  both  complete popu la t ion  t r ea tmen t  and t r ea tmen t  of a l l  per-  
sons disembarking from Marsha l l  I s l a n d s  s h i p s .  With such consc ien t ious  sup- 
p r e s s i o n ,  v i r t u a l l y  complete freedom from intestinal helminths could be antic- 
i p a t e d  in a very  few years. S u i t a b l e  measures a g a i n s t  pa thogenic  i n t e s t i n a l  
p ro tozoa  could a l s o  be a n t i c i p a t e d  i n  due course.  
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V I I .  DIABETES SURVEY* 

Diabe tes  m e l l i t u s  i s  perce ived  t o  be  an important  p u b l i c  h e a l t h  problem 
among t h e  peop le  of t h e  P a c i f i c  i s l a n d s .  
en t  popu la t ions  i n  Micronesia  and Po lynes i a  have i n d i c a t e d  ve ry  h igh  preva- 
l ences  of d i a b e t e s  compared wi th  t h a t  i n  more a f f l u e n t  s o c i e t i e s  (74-76,208).  
These surveys  sugges t  t h a t  t h e  d i a b e t e s  i n  t h e  Micronesian popu la t ions  i s  pre-  
dominant ly  of  t h e  ma tu r i ty -onse t ,  Type I1 form, be ing  r e l a t i v e l y  asymptomatic 
d e s p i t e  marked hyperglycemia.  One of t h e  most d e t a i l e d  of  t h e  Micronesian 
surveys ,  t h a t  d e a l i n g  with t h e  popu la t ion  of Nauru ( 7 7 ) ,  found a d i a b e t e s  prev- 
a l e n c e  among t h e  h i g h e s t  ever  r epor t ed  i n  any popu la t ion .  I n  t h e  popu la t ion  
aged 15 and o l d e r ,  10.4% of i n d i v i d u a l s  were known t o  have d i a b e t e s  b e f o r e  t h e  
survey ,  and 34.4% of  t h e  t o t a l  popu la t ion  were found t o  have d i a b e t e s  accord ing  
t o  t h e  c r i t e r i o n  of a 2-hr pos t -p rand ia l  blood g lucose  >160 mg% (186) .  An 
a d d i t i o n a l  11.3% of the  popu la t ion  showed b o r d e r l i n e  g lucose  t o l e r a n c e ,  w i th  
pos t -p rand ia l  blood suga r s  between 140 and 159 mg%. Among t h e  52 known d i a -  
b e t i c s ,  compl ica t ions  a s s o c i a t e d  with d i a b e t e s  were very  common: 45% of  them 
had demonst rab le  r e t i n o p a t h y ,  and 33% of them had some form of r e n a l  dysfunc- 
t i o n  (76 ) .  I n  a d d i t i o n ,  12 of  t he  known d i a b e t i c s  inc luded  i n  t h e  o r i g i n a l  
s t u d i e s  had d i ed  from d i a b e t e s - r e l a t e d  causes .  

t h e  Marsha l l  I s l a n d  popu la t ions  of Micrones ia ,  a survey  t o  de te rmine  carbohy- 
d r a t e  t o l e r a n c e  and d i a b e t e s - r e l a t e d  h e a l t h  problems was i n i t i a t e d  i n  1974. 
Over t h e  nex t  s e v e r a l  y e a r s  h i s t o r i c a l  d a t a  t a k i n g ,  p h y s i c a l  examinat ions ,  and 
l a h o r a t o r y  e v a l u a t i o n s  were c a r r i e d  out  on 437 i n d i v i d u a l s  aged >15, of whom 
410 were examined a t  least  du r ing  t h e  f i r s t  survey  of 1974. This  i n i t i a l  re- 
p o r t  i s  based p r i m a r i l y  on l a b o r a t o r y  r e s u l t s  of f a s t i n g  and 2-hr pos t -p rand ia l  
blood sugar  de t e rmina t ions  made du r ing  t h e  1974 s t u d i e s .  Subsequent ly ,  pos t -  
p r a n d i a l  blood g lucose  va lues  were ob ta ined  a s  w e l l  a s  a d d i t i o n a l  l a b o r a t o r y  
de t e rmina t ions  of l i p i d  and u r i c  a c i d  l e v e l s .  Of t h e  410 peop le  examined i n  
1974, 45.6% were male and 54.4% female.  Most of t h e  i n d i v i d u a l s  s t u d i e d  came 
from t h e  two p r i n c i p a l  i s l a n d s ,  170 l i s t i n g  t h e i r  home a s  U t i r i k  and 120 a s  
Rongelap. 

i ng  1974) r epor t ed  t h a t  they had been p r e v i o u s l y  diagnosed a s  d i a b e t i c .  O f  
t hose  p r e v i o u s l y  d iagnosed ,  59% had been found d i a b e t i c  w i t h i n  t h e  preceding  
5 y r ,  26% a t  6 t o  10 y r  b e f o r e  t h e  su rvey ,  and 15% more than  10 y r  b e f o r e .  A t  
t h e  t i m e  of t h e  survey ,  39 of t h e  57 were be ing  t r e a t e d  wi th  o r a l  hypoglycemic 
agen t s  and none wi th  i n s u l i n .  Three  i n d i v i d u a l s  had r e p o r t e d  onse t  p r i o r  t o  
age 20 (ages 2,  10, and 17 ) .  The age d i s t r i b u t i o n  f o r  t h e  diagnosed d i a b e t i c s  
i n  t h e  survey  showed 6% aged <24 y r ,  8% aged 25 t o  34 y r ,  8% aged 35 t o  44 y r ,  
31% aged 45 t o  54 y r ,  31% aged 55 t o  6 4 ,  and 33% aged >65. Of t h e  263 i n d i v i d -  
u a l s  who were a b l e  t o  p rov ide  in fo rma t ion ,  43.3% repor t ed  a p o s i t i v e  fami ly  
h i s t o r y  of d i a b e t e s .  

Heal th  surveys  among s e v e r a l  d i f f e r -  
cus 

To de termine  t h e  s e v e r i t y  of t he  h e a l t h  problem p resen ted  by d i a b e t e s  i n  

O f  t h e  i n d i v i d u a l s  inc luded  i n  t h e  s t u d y ,  57 (14% of t h o s e  examined dur-  

I n  t h i s  popu la t ion ,  t h e r e  was no t  a s i g n i f i c a n t  

* D r s .  J . B .  F i e l d  ( S t .  Luke 's  Episcopal  H o s p i t a l ,  Houston, TX); D r s .  R.  F e r r e l l  
and P. F u e r s t  (Graduate  School of P u b l i c  Hea l th ,  U. of  Texas,  Houston);  D r .  
A.  Cooper ( U .  of Pennsylvania ,  P h i l a d e l p h i a ) ;  D r .  E.R. Larsen  ( P e t e r  Bent 
Brigham H o s p i t a l ,  Boston, MA); D r .  A.  Lowrey (Lor ton ,  VA); Drs. R .  R i t t m a s t e r  
and R.A. Conard (BNL). 
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r e l a t i o n s h i p  between p o s i t i v e  fami ly  h i s t o r y  and t h e  presence of diagnosed 
d i a b e t e s  p r i o r  t o  t h e  survey.  

139 i n d i v i d u a l s .  Of t h e s e ,  19.5% had FBS va lues  >130 mg%, and 13.7% had v a l -  
ues >160 mgZ. These 139 people  inc luded  32 i n d i v i d u a l s  with p rev ious ly  d iag-  
nosed d i a b e t e s ,  some of  whom e x h i b i t e d  normal f a s t i n g  and 2-hr pos t -p rand ia l  
blood sugars  i n  t h i s  survey.  With t h e s e  32 exc luded ,  7.5% of the  remaining in-  
Aiv idua ls  showed FBS >130 mg%, and 5.6% showed >160 mg%. I n  the 1974 su rvey ,  
2-hr pos t -p rand ia l  blood sugar  was measured on 277 i n d i v i d u a l s ,  i nc lud ing  on ly  
I ?  Dreviously diagnosed d i a b e t i c s .  The d a t a  on a l l  277 i n d i v i d u a l s  showed 
19.2% with pos t -p rand ia l  blood sugar  va lues  >130 mg% and 8.7% wi th  va lues  >160 
mg%. With the  known d i a b e t i c s  exc luded ,  t hese  percentages  were 15..5 and 5.4 
r e s p e c t i v e l y .  Of t h e  p rev ious ly  diagnosed d i a b e t i c s ,  67.7% were female,  bu t  
on the  b a s i s  of pos t -p rand ia l  blood sugar  >130 mg%, no s i g n i f i c a n t  d i f f e r e n c e  
was found between the  sexes  with regard  t o  carbohydra te  i n t o l e r a n c e :  24 of 
129 males and 27 of  144 females had va lues  >130 mg%, and 10 males and 13 f e -  
males had va lues  >160 mg%. This  i s  i n  c o n t r a s t  t o  t he  f ind ings  i n  o t h e r  s i m i -  
l a r  surveys i n  the P a c i f i c ,  which show d i a b e t e s  cons iderably  more common i n  f e -  
males (77 ) .  R e l a t i v e  weight had a s i g n i f i c a n t  a l though r a t h e r  weak e f f e c t  on 
carbohydra te  to l e rance .  
t h e  c o r r e l a t i o n  between r e l a t i v e  weight and f a s t i n g  blood sugar  t o  be r = 0.33 
(p = 0.001) and that with post-prandial blood sugar t o  be r = 0.31 ( p  = 0.001). 
Also examined was t h e  r e l a t i o n s h i p  w i t h i n  the  female popula t ion  between number 
of pregnancies  and previous  d i a g n o s i s  of d i a b e t e s  o r  carbohydra te  i n t o l e r a n c e  
i n d i c a t e d  by e i t h e r  t he  f a s t i n g  o r  the  pos t -p rand ia l  blood sugar  va lue .  F i r s t  
a n a l y s i s  of t hese  d a t a  i n d i c a t e d  no r e l a t i o n s h i p  between these  v a r i a b l e s  i n  
t h e  Marshal l  I s l a n d s  popu la t ion ,  bu t  f u r t h e r  s tudy i s  under way. 

The d a t a  from p rev ious  d iagnoses  and from t h e  two measures of g lucose  
t o l e r a n c e  can be used t o  d e f i n e  a group of i n d i v i d u a l s  with a l t e r e d  carbohy- 
d r a t e  t o l e r a n c e .  This  group inc ludes  a l l  p rev ious ly  diagnosed d i a b e t i c s  and 
a l l  i n d i v i d u a l s  with e i t h e r  a f a s t i n g  blood g lucose  l e v e l  >130 mg% o r  a 2-hr 
pos t -prandia l  blood g lucose  l e v e l  >160 mg%. This  group of a f f e c t e d  persons 
comprises 17.3% of t h e  popu la t ion ,  and i s  composed of 65% females and 35% 
males.  The age d i s t r i b u t i o n  of a f f e c t e d  i n d i v i d u a l s  i n  t h e  Marshal l  I s l a n d  
?opu la t ion ,  by sex ,  i s  g iven  i n  Table  1. The age g roup- spec i f i c  preva lence  of 
carbohydra te  abnorma l i t i e s  i n c r e a s e s  by age groups i n  t h i s  popu la t ion ,  with 
females showing g r e a t e r  percentages  i n  a l l  groups.  Affected persons comprise 
13.3% of a l l  males examined and 20.7% of a l l  females .  

During t h e  1974 survey ,  f a s t i n g  blood g lucose  va lues  were obta ined  €or 

Measurements u s ing  a ponderal  index ( w t / h t 2 )  showed 

A 

Table  I.. Age d i s t r i b u t i o n  of carbohydra te  abnorma l i t i e s  (def ined  i n  t e x t )  
i n  t h e  Marshal l  I s l a n d  popu la t ion  (numbers i n  parentheses  are 
sample s i z e s  1. 

Age group: 0-24 25-34 35-44 45-54 55-64 >6 5 T o t a l  

% Affec ted  
Male 0 6.1 10 .o 29.2 27.3 28.6 13.3 

(57)  (33)  (20)  (24)  (33)  (14)  (181) 
F ana l e  7.5 7.7 17.2 37.5 45.8 33.3 20.7 

(53)  (52) (29 1 (40 1 (24) (15)  (213) 

I A 
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I 

This c a t e g o r i z a t i o n  of i n d i v i d u a l s  i n t o  an "a f f ec t ed"  and an 
"unaf fec ted"  group has  been used t o  i n v e s t i g a t e  the  d i s t r i b u t i o n  of t h e  morbid 
compl ica t ions  which o f t e n  accompany d i a b e t e s .  A s  expected,  compared with unaf- 
f ec t ed  i n d i v i d u a l s ,  a f f e c t e d  ones showed g r e a t e r  f r equenc ie s  of po lyu r i a  (75.0 
vs 37.8%) and po lyd ips i a  (72.3 vs  45.1%). Recent weight l o s s  was r epor t ed  by 
48.8% of the  a f f e c t e d  group and 22.1% of  t he  una f fec t ed  group. I t c h i n g  was 
r epor t ed  by 60.5% of t h e  a f f e c t e d  group and 30.5% of the  una f fec t ed .  I n  f e -  
males ,  p r u r i t i s  vu lvae  w a s  r epor t ed  by 20.8% of the  a f f e c t e d  persons and by 
none of t he  una f fec t ed  ones.  

more important  compl ica t ions  of d i a b e t e s  were very s i m i l a r  t o  those  observed 
i n  Caucasian popula t ions  (74,771. 
t he  Marshal l  I s l a n d s  does not  completely suppor t  such a con ten t ion .  Fundo- 
scopic  examinat ion revea led  d i a b e t i c  r e t i n o p a t h y  i n  only one of the  54 a f -  
f ec t ed  i n d i v i d u a l s  examined. An a d d i t i o n a l  four  had exudates  i n  the  fund i ,  
bu t  so d i d  t h r e e  of  t he  263 una f fec t ed  i n d i v i d u a l s  examined. Exudates d i d  no t  
appear  t o  be r e l a t e d  t o  t h e  degree  of hype r t ens ion  i n  t h i s  popula t ion .  Cata- 
r a c t s  were found i n  24.1% of t h e  a f f e c t e d  i n d i v i d u a l s  and 13.6% of the  unaf- 
f e c t e d ,  bu t  t h i s  d i f f e r e n c e  might r e f l e c t  age s i n c e  the  a f f e c t e d  group was 
o l d e r .  Abnormal i t ies  of t he  e x t r e n i t i e s  were very unusual i n  t h i s  popu la t ion ,  
and no d i f f e r e n c e  was found between a f f e c t e d  and una f fec t ed  groups except  f o r  
amputat ions of t h e  l e g  i n  t h r e e  p rev ious ly  diagnosed i n d i v i d u a l s .  
t a t i o n s  were r e p o r t e d ,  bu t  were not  seen dur ing  the  1974 survey . )  P e r i p h e r a l  
pu l se s  were absen t  i n  only 5% of t h e  a f f e c t e d  group (2% of the  u n a f f e c t e d ) .  
Absence of d o r s a l i s  pedis  p u l s e  occurred i n  only  one a f f e c t e d  and f i v e  unaf- 
f e c t e d  persons ( n o t  s i g n i f i c a n t l y  d i f f e r e n t  i n  f requency) .  Absence of pos te -  
r i o r  t i b i a l  pu l se s  w a s  somewhat more common, occur r ing  i n  12.7% of a f f e c t e d  
persons but  only 3.1% of una f fec t ed  ones.  The presence o r  absence of r e f l e x e s  
was a l s o  used t o  i n v e s t i g a t e  the  preva lence  of p e r i p h e r a l  neu ropa th ie s .  Ankle 
j e r k s  were not  e l i c i t e d  i n  68.3% of the  a f f e c t e d  popula t ion  t e s t e d ,  compared 
with 20.9% of the  una f fec t ed .  Knee j e r k s  were absent  i n  50.7% of the  a f f e c t e d  
i n d i v i d u a l s  bu t  i n  only 17.5% of the  una f fec t ed  ones.  B r a c h i o r a d a l i s  r e f l e x  
was absent  i n  28.6% of the  a f f e c t e d  group and 8.2% of t h e  una f fec t ed  group. 

Some i n d i c a t i o n  of p r o t e i n u r i a  was seen i n  6 1 . 7 %  of  a f f e c t e d  i n d i v i d u a l s  and 
15.9% of una f fec t ed  ones,  as t a b u l a t e d  below. 

~ 

Previous  s t u d i e s  on o t h e r  popula t ions  i n  the P a c i f i c  suggested t h a t  t h e  

The a n a l y s i s  of t h e  a f f e c t e d  popu la t ion  i n  

(Other ampu- 

Kidney func t ion  could be eva lua ted  c rude ly  by measuring p r o t e i n u r i a .  

Group P r o t e i n u r i a :  1+ 2+ 3+ 4+ T o t a l  

Affec ted  
Unaffected 

17.0 12.8 6.4 25.5 61.7% 
3.1 1.3 - 11.5 15.9% 

However, p r o t e i n u r i a  d id  not  appear  t o  be c o r r e l a t e d  with t h e  l e v e l  of g lucose  
i n t o l e r a n c e  as measured by f a s t i n g  o r  pos t -p rand ia l  blood g lucose  va lues  when 
c o r r e c t e d  f o r  age,  sex,  and l e v e l  of  o b e s i t y .  Glycosur ia  w a s  found i n  80.6% 
of the  a f f e c t e d  popula t ion  ( a t  4+ l e v e l s  i n  20.9%), compared with 14.4% of the  
unaf fec ted  popula t ion .  Glycosuria  was s i g n i f i c a n t l y  c o r r e l a t e d  with f a s t i n g  
blood sugar  and pos t -p rand ia l  blood sugar  even wi th  c o r r e c t i o n s  f o r  s ex ,  age ,  
and o b e s i t y .  Symptoms of sexual  dys func t ion  were r epor t ed  i n  313% of the  en- 
t i r e  popu la t ion ,  and i n  21.3% of a f f e c t e d  i n d i v i d u a l s .  P a r e s t h e s i a s ,  a t  l e a s t  
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some of t he  t i m e ,  were r epor t ed  by 77.8% of t he  a f f e c t e d  popula t ion  and by 
47.9% of the  unaf fec ted  popula t ion .  

g l y c e r i d e s ,  and u r i c  a c i d .  Zimmet e t  a l .  (77)  r epor t ed  a h igh  p reva lence  of  
e l eva ted  u r i c  a c i d  l e v e l s  and gout  i n  the  Micronesian i n h a b i t a n t s  of Nauru, 
and such a p a t t e r n  has a l s o  been r epor t ed  f o r  Polynes ians  (79) .  
popula t ion  64% of men and 60% of women aged - >20 had e l eva ted  serum u r i c  a c i d  
l e v e l s  ( > 7  mg% i n  men and 6 mg% i n  women). I n  the 1974 survey of  t h e  Marshal l  
I s l a n d s ,  of 347 i n d i v i d u a l s  t e s t e d ,  23.1% had u r i c  ac id  l e v e l s  >7 mg%. E l e -  
va ted  t r i g l y c e r i d e s ,  >200 mg%, were found i n  4.8% of a l l  s u b j e c t s  examined, 
hu t  none of t h e  people  t e s t e d  had c h o l e s t e r o l  va lues  >300 mg%. 

pos t -p rand ia l  blood s u g a r ,  serum c h o l e s t e r o l ,  serum t r i g l y c e r i d e s ,  u r i c  a c i d  
v a l u e s ,  and d i a s t o l i c  and s y s t o l i c  blood p r e s s u r e s )  were s t u d i e d ,  with co r rec -  
t i o n s  f o r  t h e  confounding e f f e c t s  of s ex ,  age ,  and o b e s i t y  ( a s  measured by t h e  
ponderal  index w t / h t 2 ) .  
observed between s y s t o l i c  and d i a s t o l i c  blood p r e s s u r e s ,  between c h o l e s t e r o l  
and t r i g l y c e r i d e  l e v e l s ,  and between t h e  two measures of blood g lucose .  
A d d i t i o n a l l y ,  t r i g l y c e r i d e  l e v e l  was s i g n i f i c a n t l y  c o r r e l a t e d  with both mea- 
s u r e s  of blood g lucose ,  with u r i c  ac id  l e v e l ,  and with d i a s t o l i c  blood p res -  
s u r e .  Uric  a c i d  l e v e l s  showed a d d i t i o n a l  s i g n i f i c a n t  p a r t i a l  c o r r e l a t i o n s  
with both c h o l e s t e r o l  l e v e l  and t h e  two measures of blood p res su re .  A l l  other 
comparisons were not  s i g n i f i c a n t  when t h e  e f f e c t s  of age ,  sex ,  and o b e s i t y  
were accounted f o r .  

survey of 1974 sugges t s  a very  h igh  inc idence  of d i a b e t e s  m e l l i t u s  i n  the  popu- 
l a t i o n  of t he  Marshal l  I s l a n d s ,  which, a l though perhaps not  as h igh  as t h a t  
observed i n  some Micronesian popu la t ions  (771, is  c o n s i s t e n t  with the  gene ra l  
p a t t e r n  seen i n  s e v e r a l  P a c i f i c  popu la t ions  (75-80). 
Marshal l  I s l a n d s  is  p r i m a r i l y  of t h e  adu l t -onse t  t ype ,  probably a s s o c i a t e d  
with o b e s i t y ,  and may be l e s s  s e v e r e  than  s i m i l a r  Type I1 d i a b e t e s  seen  i n  
Caucasians d e s p i t e  q u i t e  s i g n i f i c a n t  hyperglycemia.  I t  does not  appear  t o  re- 
q u i r e  i n s u l i n  t rea tment  t o  prevent  k e t o s i s .  Two f e a t u r e s  of t h i s  form of d i a -  
b e t e s  deserve  f u r t h e r  s tudy .  ( a )  Desp i t e  t h e  apparent  excess  of females over  
males among p rev ious ly  diagnosed d i a b e t i c s  i n  t h i s  popu la t ion ,  no apparent  sex  
d i f f e r e n c e  was found i n  t h e  d i s t r i b u t i o n  of e i t h e r  of t h e  measures of blood 
g lucose  l e v e l s  i n  t h e  1974 survey.  
c i a l l y  d i a b e t i c  r e t i n o p a t h y  and severe  p e r i p h e r a l  v a s c u l a r  d i s o r d e r s ,  seems t o  
be l e s s  marked i n  t h i s  popu la t ion .  
b e t e s  w a s  no t  seen du r ing  the 1974 survey ,  bu t  f u r t h e r  s t u d i e s  would be neces-  
s a r y  t o  de te rmine  t h e  preva lence  of d i a b e t e s - r e l a t e d  macrovascular  d i s e a s e .  

The popu la t ion  of t h e  Marsha l l  I s l a n d s  appears  t o  have a h igh  preva lence  
not  on ly  of abnorma l i t i e s  of g lucbse  metabolism but  a l s o  of e l eva ted  serum 
u r j c  ac id  l e v e l s .  Whether t h i s  i s  accompanied by gout ,  as i n  some o t h e r  Pa- 
c i f i c  popu la t ions ,  a l s o  remains t o  be s t u d i e d  (78,186) .  

t i o n s  of t he  r e l a t i o n s h i p s  among t h e  v a r i a b l e s  r epor t ed  above a r e  c u r r e n t l y  
being eva lua ted  so t h a t  a more complete r e p o r t  can be prepared on t h e  impact 
of d i a b e t e s  on t h i s  popula t ion .  It i s  hoped t h a t  t h i s  in format ion  w i l l  pro- 
v i d e  a b e t t e r  c h a r a c t e r i z a t i o n  of t he  problem of d i a b e t e s  i n  t h e  Marshal l  Is- 
lands and w i l l  s e rve  as a b a s i s  f o r  i t s  t rea tment  and management. 

Data have a l s o  been obta ined  on l e v e l s  of plasma c h o l e s t e r o l ,  tri- 

I n  t h e  Nauru 

Re la t ionsh ips  among the  va r ious  measurements ( f a s t i n g  blood sugar',  2-hr 

A s  expec ted ,  s i g n i f i c a n t  p a r t i a l  c o r r e l a t i o n s  were 

Thus, p re l imina ry  e v a l u a t i o n  of t h e  d a t a  c o l l e c t e d  dur ing  the  d i a b e t e s  

The d i a b e t e s  of t he  

( b )  The involvement of compl i ca t ions ,  espe- 

Card iovascular  d i s e a s e  a t t r i b u t e d  t o  d i a -  

Add i t iona l  d a t a  c o l l e c t e d  du r ing  the  1974 survey  and f u r t h e r  i n v e s t i g a -  
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V I I I .  NEOPLASIA, NON-THYROID 

u A. Malignancies  

Table  1 l i s t s  t h e  mal ignancies  i n  the  exposed Rongelap and U t i r i k  and 
unexposed Marsha l lese  groups.  (As i n d i c a t e d  i n  Sec t ion  I I . C ,  t he  causes  of 
many of the  dea ths  over  t h e  years  have been u n c e r t a i n . )  

The most e x t e n s i v e  d a t a  on t h e  l a t e  e f f e c t s  of r a d i a t i o n  on human be ings  
appear i n  the  r e p o r t s  on the  Japanese  v i c t ims  of t he  atomic bombs a t  Hiroshima 
and Nagasaki. Beebe e t  a l .  (62)  r e p o r t  t h a t  "al though t h e r e  have been 14,405 
dea ths  from n a t u r a l  causes  o t h e r  than  cance r ,  a n a l y s i s  of t he  whole m a t e r i a l  
and i t s  major components provided no suppor t  f o r  the  b e l i e f  t h a t  d i s e a s e s  
o t h e r  than  cancer  a r e  involved i n  t h e  l a t e  m o r t a l i t y  e f f e c t . "  The fo l lowing  
cancers  a r e  l i s t e d  by Beebe e t  a l .  (61,631 and o t h e r  au tho r s  a s  be ing  r e l a t e d  
t o  r a d i a t i o n  exposure i n  the  Japanese:  leukemia (81-83,204), t hy ro id  (84-871, 
lung (881, b r e a s t  (891, g a s t r o i n t e s t i n a l  (stomach) (90,2051, s a l i v a r y  gland 
(621, u r i n a r y  t r a c t  (911, lymphoma ( 9 2 ) ,  m u l t i p l e  myeloma (2061, and p o s s i b l y  
involvement of t h e  l a r g e  bowel, l i v e r ,  and perhaps o t h e r  organs (56,62,93-95) .  
I n  Appendix V ,  from Shapi ro  (961, cancers  i n  i r r a d i a t e d  popula t ions  a r e  tab- 
u l a t e d .  Despi te  d i f f e r e n c e s  i n  e t h n i c i t y  and i n  types  of exposure ,  t h e  
r a d i a t i o n - r e l a t e d  cancers  i n  t h e  Marsha l lese  would be expected t o  be g e n e r a l l y  
s i m i l a r  t o  those  r epor t ed  i n  t h e  Japanese.  The only mal ignancies  noted thus  
f a r  t h a t  appeared t o  be r e l a t e d  t o  r a d i a t i o n  exposure (Tab le  1 )  a r e  those  of 
t h e  thy ro id  i n  t h e  Rongelap and U t i r i k  popula t ions  and one case  each of leuke- 
T i a  and cancer  of t h e  stomach i n  t h e  Rongelap group. Thyroid neop las i a  i s  
d i scussed  s e p a r a t e l y  i n  S e c t i o n  I X . C . l .  

and elsewhere (33) .  Acute myelogenous leukemia developed i n  a 19-year-old 
Y a r s h a l l e s e  male who had been exposed t o  175 r a d s  of gamma r a d i a t i o n  a t  one 
year  of age.  A t  age 13 he had a s u b t o t a l  thyroidectomy f o r  removal of 
adenomatous nodules and was put  on suppres s ive  thyroxin  t r ea tmen t .  He was 
t r e a t e d  f o r  leukemia a t  t h e  Na t iona l  Cancer I n s t i t u t e  i n  Bethesda,  MD, bu t  
responded poor ly  and d ied  s i x  weeks l a t e r .  A preleukemic f i n d i n g  from r e t r o -  
s p e c t i v e  s t u d i e s  of h i s  hemograms i n d i c a t e d  tha t  he had had a r e l a t i v e  neu- 
t r o p e n i a  compared with o t h e r  exposed and unexposed peers  over a number of 
years  p r i o r  t o  the  development of leukemia. 

The dea th  from cancer  of t he  stomach occurred i n  a 64-year-old Rongelap 
male who had been exposed t o  175 r ads  of gamma r a d i a t i o n .  The cancers  of t h e  
female g e n i t a l  t r a c t  l i s t e d  i n  Tab le  1 a r e  not  l i k e l y  t o  be r e l a t e d  t o  r a d i a -  
t i o n  exposure ,  on the  b a s i s  of t h e  Japanese  d a t a ,  p a r t i c u l a r l y  s i n c e  they 
developed only a f w  yea r s  a f t e r  exposure,  and i n  o l d e r  women. 

r a d i a t i o n  exposure,  c a l c u l a t e d  by us ing  the  r i s k  e s t i m a t e s  ( cases / lO  people/  
r a d l y r )  f o r  t h e  Japanese (97,991. S t a t i s t i c s  on t h e  spontaneous inc idence  of 
cancers  of t h e  va r ious  organs i n  t h e  g e n e r a l  Marsha l l e se  popu la t ions  (wi th  t h e  
p o s s i b l e  excep t ion  of our d a t a  on t h e  t h y r o i d )  a r e  not  s u f f i c i e n t  t o  a l low es- 
t ima t ion  of spontaneous inc idence  i n  t h e  Marsha l lese  s tudy  groups.  However, 
s t a t i s t i c s  on o t h e r  world popu la t ions  (981 i n d i c a t e  t h a t  t h e  number of sponta-  
neous cancers  would be smal l .  Tab le  2 shows t h a t ,  except  f o r  t he  thy ro id  
tumors, t h e  small  numbers of r a d i a t i o n - r e l a t e d  cancers  t h a t  might be expec ted  

The leukemia c a s e  has  been d i scussed  i n  d e t a i l  i n  t he  20-year r e p o r t  (1 )  

Table 2 shows the  expected number of mal ignancies  t h a t  might be due t o  
6 
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i n  t h e  Marshal lese  popula t ions  would be d i f f i c u l t ,  i f  n o t  impossible ,  t o  d i s -  
t i n g u i s h  from spontaneous tumors. 

Table  1. Malignancies.  

Age* Sex Year of dea th  Type 

Ronge l a p  exposed 
60 F 
60 F 
71 F 
19 M 
64 M 
31 F 
36 F 
45 F 
55 F 

U t i r i k  exposed 
64 M 
43 F 
29 F 
62 F 

Une xp o s ed 
68 F 
29 M 
33 M 
68 M 
51 F 
55 F 

1959 Ovary 
1962 Cervix* 
1966 Uterus* 
1972 Acute myelogenous leukemia 
1974 Stomach 

Thyroid 
II 

11 

11 

1959 Rectum(? )** 
Thyroid 

11 

II 

1960 Cervix** 
Thyroid 

11 

II 

11 

I 1  

*Age a t  development of malignancy. 
**Not confirmed by biopsy o r  autopsy. 

B. Benign Tumors 

Thyroid nodules w i l l  be d i s c u s s e d  i n  S e c t i o n  X . C . l ,  below. A number of  
o t h e r  benign tumors, such a s  sebaceous c y s t s  and lipomas, have been d e t e c t e d  
i n  both  exposed and unexposed popula t ions ,  and many have been removed. 
number of such tumors appeared t o  be i n  t h e  normal range of expectancy. Other 
benign tumors included a g i a n t  c e l l  type  removed from t h e  f i n g e r  of an exposed 
Rongelap female and a neurofibroma removed from t h e  neck ( n e a r  t h e  t h y r o i d )  of 
an exposed Rongelap female. 

The 

- 48 - 



Table 2. Expected malignancies  i n  Marshal lese* i n  25 y e a r s  based on r i s k  
e s t i m a t e s  ( cases /1O6/ rad /y r )  (99 )  f o r  exposed Japanese.** 

Expected Observed 

Type M F M F 

Leukemia (20-yr r i s k  p e r i o d )  0.5 0.3 1 0 
Thyroid 1.4 3.7 0 7 
Breast 0 1.1 0 0 
Lung 0.7 0.7 0 0 
Stomach 0.3 0.3 1 0 

A l l  c ance r s  2.4 4.5 2 7 

*The combined exposed popu la t ions  of Rongelap and U t i r i k  (244 p e o p l e ) ,  w i th  
an average whole-body dose of 62 r a d s  and thy ro id  dose of 202 r a d s  pe r  
pe r  son. 

*Risks are e s t ima ted  t o  have the  fol lowing male/female r a t i o :  leukemia 3 / 2 ;  
t h y r o i d  2.2/5.8; b r e a s t  0/5.8;  lung 3-6/3.9; stomach 1.5/1.7;  a l l  cance r s  
12.8/23.1. These r i s k s  a r e  age-weighted averages with c e r t a i n  s t i p u l a t i o n s ,  
noted i n  Tab le  V-14 o f  r e f .  99. 

Skin.  Because of t he  e x t e n s i v e  r a d i a t i o n  exposure of t he  s k i n  of  t h e  
Rongelap people  and the  development of a c u t e  l e s i o n s  and e p i l a t i o n ,  c a r e f u l  ex- 
amina t ions  of t he  s k i n  f o r  p o s s i b l e  l a t e  changes have been cont inued.  Resid- 
u a l  s c a r r i n g  and pigment changes as w e l l  as h i s t o p a t h o l o g i c a l  changes have 
been desc r ibed  p r e v i o u s l y  ( 2 ) .  A n o t a b l e  f i n d i n g  was the  development of a num- 
b e r  of benign n e v i  i n  former a r e a s  of b e t a  burns of t he  neck i n  s e v e r a l  women, 
a l s o  d e s c r i b e d  p r e v i o u s l y  ( 1 1 ) ;  t h e r e  has  been no f u r t h e r  development of such 
l e s i o n s  i n  r e c e n t  y e a r s .  The absence of c h r o n i c  r a d i a t i o n  de rma t i t i s  and of  
developing s k i n  cance r s  is n o t a b l e  i n  view of the  e x t e n s i v e  r a d i a t i o n  l e s i o n s  
of t he  s k i n  t h a t  had occurred i n  t h e  m a j o r i t y  of t he  exposed Rongelap people.  
A s  has  been po in ted  o u t ,  t h e  low mean energy of t h e  b e t a  r a d i a t i o n  may no t  
have caused s u f f i c i e n t  i n j u r y  t o  the  germinal l a y e r  of t he  s k i n  t o  r e s u l t  i n  
l a t e  e f f e c t s ,  o r  s k i n  cancer  may have a longe r  l a t e n t  pe r iod  and may ye t  ap- 
p e a r .  

C. P i t u i t a r y  Tumor* 

A Rongelap woman who had been exposed t o  f a l l o u t  r a d i a t i o n  a t  age 20 
underwent a thyroidectomy i n  1969 ( a t - a g e  36) wi th  a f i n d i n g  of an i n v a s i v e  

* D r s .  J .  Robbins (NIH, Bethesda,  MD) and R.A. Conard (BNL). 

- 49 - 



p a p i l l a r y  carcinoma and lymph node me tas t a ses .  She was reopera ted  i n  1972 
because two r a d i o a c t i v e  s i t e s  were seen i n  t h e  neck on 1311 scanning ,  bu t  no 
r e c u r r e n t  d i s e a s e  was found a t  surgery .  During examinat ion a t  T r i p l e r  Army 
Medical Center  i n  A p r i l  1976, a r o u t i n e  s k u l l  x-ray showed e ros ion  of t h e  
a n t e r i o r  f l o o r  of t h e  s e l l a  t u r c i c a  and a mass extending i n t o  the  sphenoid 
s inus .  There were no r e l a t e d  symptoms and no v i s u a l  f i e l d  l o s s ,  and menses 
were normal. Thyroid hormone t rea tment  had been d iscont inued  f o r  r a d i o i o d i n e  
t e s t i n g ,  and t h e  serum thy ro id  s t i m u l a t i n g  hormone (TSH) w a s  e l eva ted  (Table  
3A). Serum f o l l i c l e - s t i m u l a t i n g  hormone (FSH) and l u t e i n i z i n g  hormone (LH) 
were h igh  and growth hormone (GH) was normal. 

Table  3 .  Endocrine func t ion  tests on p i t u i t a r y  tumor case:  hormone l e v e l s  
(normal va lues  i n  pa ren theses ) .  

A .  Apr i l  1976 
Serum TSH 

FS H 
LH 
GH 
T4 
T3 

9.8 pU/ml ( < 5 )  
116 m I U / m l  (20-30) 

59 m I U / m l  (<20) 
4 ng/ml (0.2-5) 

16 ng /d l  (60-160) 
0.3 & / d l  (5-10) 

B. May 1976 
Serum FSH 31.2 m I U / m l  ( f o l l i c u l a r  9-27, midcycle  7-41) 

27.8 m I U / m l  ( l u t e a l  5-15, postmenopausal 35-217) 

17.6 m I U / m l  ( l u t e a l  5-17, postmenopausal 39-96) 
LH 18.2 m I U / m l  ( f o l l i c u l a r  6-27, midcycle  45-154) 

PRL 9.1 ng/ml (16.2 f <2) 

e s t  r ad  i o  1 44 pg/ml ( f o l l i c u l a r  10-100, midcycle  170-770) 

AM c o r t i s o l  10 pg /d l  (6-26) 

8.0 ng/ml 

58 pg/ml ( l u t e a l  190-340, postmenopausal <lo-140) 

11 pg /d l  
9.4 pg /d l  (4.6-10.7) 
2.7 ng /d l  (1.0-2.3) 
149 n g / d l  (110-230) 

17 -ke tos t e ro ids  4 .0 ,  5 .0 ,  2.0, 4.0 mg/24 h r  (9.0-22.0) 

T4 
FT4 
T3 

Urine 17-OH c o r t i c o i d s  1 .6 ,  2 . 2 ,  1 . 2 ,  1.5 mg/24 h r  (2.0-6.0) 

She w a s  admit ted t o  t h e  C l i n i c a l  Center  of t h e  Na t iona l  I n s t i t u t e s  of  
F e a l t h  on 18 May 1976 f o r  f u r t h e r  s tudy .  Laboratory t e s t s  showed normal 
e l e c t r o l y t e s ,  and t h e  r e s u l t s  of endocr ine  f u n c t i o n  t e s t s  (Table 3B) were 
w i t h i n  normal l i m i t s  except  f o r  a s l i g h t  dec rease  i n  the  24-hr u r i n a r y  17- 
hydroxycor t ico ids  and 17 -ke tos t e ro ids .  S k u l l  x r ays  and s e l l a  tomograms 
revea led  an asymmetric e r o s i o n  i n  the  a n t e r i o r  f l o o r  of the  s e l l a  with ex ten-  
s i o n  of  a s o f t  t i s s u e  mass i n t o  t h e  sphenoid s inus .  
showed no s u p r a c e l l u l a r  ex tens ion .  Visua l  f i e l d s  were normal. 

Computerized tomography 

A 
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I t  w a s  concluded t h a t  t h e  p a t i e n t  had a non-functioning p i t u i t a r y  
zdenoma with e s s e n t i a l l y  normal endoc r ine  f u n c t i o n  ( excep t  f o r  s u r g i c a l  
a t h y r e o s i s ) ,  and t h a t  su rge ry  was not  r e q u i r e d  and would i n c r e a s e  t h e  r i s k  of 
h y p o p i t u i t a r i s m .  Because of t h e  l a r g e  s i z e  and e x t e n s i o n  of t h e  tumor, how- 
e v e r ,  t h e r a p e u t i c  x r a y  w a s  admin i s t e red  t o  t h e  p i t u i t a r y  (4000 R over  a 3- 
week p e r i o d ) .  T h i s  was w e l l  t o l e r a t e d .  

Subsequent e n d o c r i n o l o g i c a l  s t u d i e s  have r e s u l t e d  in normal f i n d i n g s .  
Tbe p a t i e n t ' s  v i s u a l  f i e l d s  have been t e s t e d  r e g u l a r l y  and have been normal. 
I n  1977 h e r  serum c o r t i s o l  l e v e l  w a s  9.9 and la te r  16 & / l o 0  m l ,  and i n  1978 
i t  w a s  19 & / l o 0  m l  (normal range 5-20), i n d i c a t i n g  normal p i t u i t a r y  f u n c t i o n .  

I n  t h e  p a s t  t h e  p a t i e n t  has  had r e g u l a r  p regnanc ie s ,  having 14 c h i l d r e n ,  
t h e  l a s t  one i n  1968 a t  age 35. Though s h e  s t i l l  mens t rua t e s  r e g u l a r l y ,  s h e  
has  s u f f e r e d  from menorrhagia i n  t h e  p a s t  few y e a r s ,  and an  endomet r i a l  b iopsy  
r evea led  p r o l i f e r a t i v e  endometrium and b a s a l i a .  T h i s  may have in f luenced  t h e  
l a c k  of f u r t h e r  pregnancies  i n  r e c e n t  y e a r s .  

hypertrophy and tumor formation a s s o c i a t e d  wi th  hypothyroidism i n  animals  
(100-102) and human beings (103-1061, t h i s  e t i o l o g y  must be cons ide red .  The 
o n l y  evidence of a hypothyroid s t a t e  i n  t h i s  p a t i e n t  has  been on t h o s e  occa- 
s i o n s  when she  w a s  taken o f f  t hy rox in  t r ea tmen t  i n  p r e p a r a t i o n  f o r  t e s t i n g  
(Tab le  4 ) .  S ince  h e r  t h y r o x i n  l e v e l s  a t  t h o s e  t i m e s  were low o r  i n  t h e  low- 
normal range,  i t  appea r s  t h a t  h e r  p i t u i t a r y  was responding t o  t h y r o i d  de- 
f i c i e n c y  and t h a t  t h e  tumor was not  autonomously r e s p o n s i b l e  f o r  t h e  TSH 
e l e v a t i o n s .  The p o s s i b i l i t y  t h a t  t hy ro id  hypofunct ion l e d  t o  the  development 
o f  p i t u i t a r y  tumor i n  t h i s  c a s e  seems u n l i k e l y  because long-standing hypo- 
thy ro id i sm i s  u s u a l l y  r e q u i r e d  t o  produce such tumors, and t h i s  w a s  not appar- 
e n t  i.n h e r  case. 

S ince  t h e r e  have been a number of r e p o r t s  of development of p i t u i t a r y  

Table 4. Thyroid Hormone Leve l s  i n  P i t u i t a r y  Tumor Case. 

- ~~ ~~ ~~ ~ 

Year T4 ( p g / d l )  TSH ( W / d l )  Year T4 ( p g / d l )  TSH ( W / d l )  

1965 8.6 2.2 1975 5.8 5.9 
1967 1.0 1976c 0.5 115 
1909a 1.7 1977 (Mar) 5.4 3 .8  
1972b 0.4 110.0 1977 (Sep) 9.0 5.6 
1973 17.8 1978 6.7 1.8 
1974 1 .o 

aThyroidectomy. P r e s u r g i c a l  l e v e l s .  
bOff T 4  Rx f o r  t e s t i n g .  
' P i t u i t a r y  tumor d i scove red .  Off T4 f o r  t e s t i n g .  
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Since the  p a t i e n t  had been exposed t o  175 R of whole-body g a m a  r a d i a -  
t i o n ,  t h e  p o s s i b l e  i n f l u e n c e  of such exposure on the  development of t he  p i t u i -  
t a r y  adenoma must be cons ide red .  I n t r a c r a n i a l  tumors have been r e p o r t e d ,  pos- 
s i b l y  a s s o c i a t e d  with r a d i a t i o n  exposure (107,108,197),  but  t h e s e  were mainly 
gl iomas,  meningiomas, neurinomas, e t c . ,  and no t  p i t u i t a r y  adenomas. I n  a 
s t u d y  of the  Japanese exposed t o  t h e  A-bomb, Seyama e t  a l .  (109) r e p o r t e d  an 
i n c r e a s e  i n  c e r t a i n  types  of i n t r a c r a n i a l  tumors i n  a group exposed t o  100 R 
o r  more, but no i n c r e a s e  i n  p i t u i t a r y  adenomas. The re fo re ,  t he  a s s o c i a t i o n  of 
r a d i a t i o n  exposure with the  development of t he  p i t u i t a r y  tumor i n  t h i s  p a t i e n t  
does not  seem l i k e l y .  

A 
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I X .  THYROID ABNORMALITIES* 

It has  been c l e a r l y  demonstrated t h a t  t h e  most s e r i o u s  l a t e  e f f e c t s  of 
a c c i d e n t a l  exposure t o  f a l l o u t  i n  t h e  Marshal lese  r e s i d i n g  on Rongelap and 
U t i r i k  A t o l l s  on March 1 ,  1954, has  been r e l a t e d  t o  r a d i a t i o n  i n j u r y  t o  the  
t h y r o i d ,  as evidenced by development of n o d u l a r i t i e s  and hypofunct ion of t h e  
gland.  Such i n j u r y  was due t o  exposure t o  p e n e t r a t i n g  gamma r a d i a t i o n  and in-  
t e r n a l  a b s o r p t i o n  of r a d i o n u c l i d q s  du r ing  the  two-day pe r iod  p r i o r  t o  t h e i r  
evacuat ion.  I n  t h i s  s e c t i o n ,  t hy ro id  e f f e c t s  are summarized. Emphasis i s  on 
t h e  f i n d i n g s  du r ing  t h e  p a s t  seven yea r s .  I n  Appendix 11, t h e  e s t i m a t e d  thy- 
r o i d  doses  are d i s c u s s e d .  Since the  p r i n c i p a l  e f f e c t s  of t h y r o i d  exposure,  de- 
velopment of nodules  (benign and ma l ignan t )  and hypofunct ion,  a re  dose depen- 
d e n t ,  t he  e s t a b l i s h m e n t  o f  t hy ro id  dose i s  most important  i n  o r d e r  t o  d e r i v e  
dose -e f f ec t  r e l a t i o n s h i p s .  Unfo r tuna te ly ,  i t  must be s t a t e d  a t  t h e  o u t s e t  
t h a t  t he  t h y r o i d  dose estimates are  s u b j e c t  t o  c o n s i d e r a b l e  u n c e r t a i n t y  and 
may, a t  least  i n  some cases, be cons ide rab ly  h i g h e r  than e s t i m a t e d .  

i s  d e s c r i b e d  i n  S e c t i o n  I V .  

crs 

The e f f e c t  of t h y r o i d  i n j u r y  on growth and development i n  the  c h i l d r e n  

A. Background (Chronology of Developments) 

Beginning s e v e r a l  y e a r s  a f t e r  exposure i t  w a s  no ted  t h a t  some c h i l d r e n  
exposed a t  <lo y e a r s  o f  age showed growth r e t a r d a t i o n ,  p a r t i c u l a r l y  boys ex- 
posed a t  <5 y e a r s  of age ( s e e  S e c t i o n  IV),  bu t  t h e  cause w a s  n o t  immediately 
appa ren t .  It  was recognized t h a t  t hy ro id  hormone d e f i c i e n c y  due t o  thy ro id  in-  
j u r y  could r e s u l t  i n  such growth r e t a r d a t i o n ,  b u t  examinat ions d u r i n g  t h i s  
e a r l y  pe r iod  d i d  no t  r e v e a l  any thy ro id  a b n o r m a l i t i e s ,  and t h e  PBI l e v e l s  i n  
t h e s e  c h i l d r e n  as w e l l  a s  i n  a l l  Marsha l l e se  were i n  t h e  normal t o  h i g h  range.  
The growth r e t a r d a t i o n  g r a d u a l l y  became more a p p a r e n t ,  and a t  8 y e a r s  p o s t  ex- 
posure two boys were recognized t o  be s t u n t e d  i n  growth. They had been ex- 
posed a t  one y e a r  o f  age and g r a d u a l l y  developed a t rophy  o f  t he  t h y r o i d  gland 
and s i g n s  of myxedema wi th  pu f fy  f a c e s ,  dry s k i n ,  s l u g g i s h  r e f l e x e s ,  and bony 
dysgenesis  of t he  humerus and femur. 

I n  1965 a s a t i s f a c t o r y  method f o r  serum thy rox ine  a n a l y s i s  by ion  ex- 
change column became a v a i l a b l e .  S t u d i e s  by t h i s  method showed t h a t  some o f  
t h e  c h i l d r e n  d i d  indeed have low serum thy rox ine  l e v e l s .  Control  o b s e r v a t i o n s  
on unexposed Marsha l l e se  r evea led  t h a t  many o f  them had unusua l ly  h igh  

*The fol lowing pe r sons  a s s i s t e d  t h e  s e n i o r  a u t h o r  i n  t h e  p r e p a r a t i o n  of t h i s  
r e p o r t  o r  were a c t i v e l y  involved i n  some o f  t h e  s p e c i a l  s t u d i e s :  S u r g i c a l  
findings--Dr. B. Dobyns (Cleveland Met ropo l i t an  General  H o s p i t a l ,  Cleveland,  
OH); Histopathology--Dr. D.E. P a g l i a  (U. o f  C a l i f o r n i a ,  Los Angeles) ;  
Hypothyroidism--Dr. B.R. Larsen ( P e t e r  Bent Brigham H o s p i t a l ,  Boston, M A ) ;  
Clinical--Drs.  J . B .  R a l l ,  J. Robbins, and J .  Wolff (NIH, Bethesda,  MD); D r .  
J . T .  N ico lo f f  (U. o f  Southern C a l i f o r n i a ,  Los Angeles) ;  D r .  B. Colcock (Lahey 
C l i n i c ,  Boston, MA, R e t . ) ;  D r s .  H. P r a t t ,  K. Knudsen, and W. Adams (BNL); 
D r .  C.S. H i l l ,  Jr.  (M.D. Anderson Hospj-tal ,  Houston, TX); D r .  D.D.  Becker 
( C o r n e l l  Medical Cen te r ,  N e w  York, NY). See p. 55 f o r  l i s t  o f  p a t h o l o g i s t s .  
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i odopro te in  l e v e l s ,  l ead ing  t o  a f a l s e  i n t e r p r e t a t i o n  o f  protein-bound i o d i n e  
(PBI) de t e rmina t ions .  I t  became appa ren t  only then t h a t  low serum thy rox ine  
(T4) l e v e l s  i n  some of t h e  c h i l d r e n  had probably been masked by h i g h  l e v e l s  of 
i odopro te in .  Seve ra l  c h i l d r e n  w i t h  s l i g h t  growth r e t a r d a t i o n  had lowered T4 
l e v e l s .  The hypothyroidism appeared t o  be from primary t h y r o i d  damage and n o t  
secondary t o  p i t u i t a r y  damage, s i n c e  t e s t s  f o r  growth hormone i n  s e v e r a l  
growth-retarded c h i l d r e n  were normal,  and t h e i r  serum t h y r o i d - s t i m u l a t i n g  hor- 
mone (TSH) l e v e l s  were e l e v a t e d .  

I n  1963, 9 y e a r s  a f t e r  exposure,  a 12-year-old exposed Rongelap g i r l  w a s  
found t o  have an asymptomatic nodule o f  t h e  t h y r o i d  gland.  Development o f  thy- 
r o i d  nodules  has  cont inued i n  o t h e r  exposed Rongelap and Ai l ingnae  people  and 
i n  the  p a s t  decade i n  the  U t i r i k  group. Two of t h r e e  Rongelap c h i l d r e n  ex- 
posed i n  u t e r o  developed t h y r o i d  nodules  d u r i n g  t h e  p a s t  6 yea r s .  A t  t h i s  
t i m e  (1981) a t o t a l  of 46 exposed Marsha l l e se  (29 i n  the  Rongelap/Ailingnae 
group and 17 i n  t h e  U t i r i k  group) have developed nodu les ,  and 42 of t h e s e  have 
undergone su rge ry .  In t h e  unexposed comparison popu la t ion  35 o f  600 people  i n  
t h e  age-matched c o n t r o l  group have been found t o  have nodules  and 14 o f  t h e s e  
have undergone su rge ry  ( s e e  S e c t i o n  1X.C. and Appendix I V ,  Table  1 ) .  

I n  1965 t h e  s e r i o u s n e s s  o f  t h e  development of t h y r o i d  l e s i o n s  i n  t h e  
Rongelap people  became more e v i d e n t ,  and p r e v e n t i v e  t r ea tmen t  w i t h  t h y r o i d  hor- 
mone was i n s t i t u t e d  i n  t h e  Rongelap group. L a t e r  (1969) t h e  Ai l ingnae  group 
w a s  a l s o  included.  The d i f f i c u l t i e s  i n  c a r r y i n g  o u t  t h e  t r ea tmen t  regimen 
w i l l  be r e f e r r e d  t o  i n  S e c t i o n  IX.C.4. 

e n t  t h a t  t h e  o r i g i n a l  c o n t r o l  group of unexposed Rongelap people  w a s  numeri- 
c a l l y  inadequate  f o r  p rope r  e v a l u a t i o n  o f  t h e  t h y r o i d  f i n d i n g s  i n  t h e  exposed 
people .  The re fo re ,  d u r i n g  t h e  p a s t  decade t h y r o i d  su rveys  have inc luded  a l l  
a v a i l a b l e  unexposed Rongelap and U t i r i k  people  as w e l l  as  some people  a t  
L i k i e p  and Wotje a t o l l s .  More than 1200 of t h e s e  people  have been examined. 
About h a l f  o f  them were i n  t h e  same age range as t h e  exposed peop le ,  and t h e  
o t h e r s  were i n  t h e  younger age group (born a f t e r  1954).  

measurement of serum T4 and TSH have been employed t o  monitor  t h e  popu la t ion  
f o r  evidence o f  hypothyroidism (1,36,110) .  R e s u l t s  have shown t h a t  a t  least  
one-half of those who had t h y r o i d  s u r g e r y ,  and supposedly were t a k i n g  t h y r o i d  
replacement med ica t ion ,  had s i g n i f i c a n t  e l e v a t i o n s  i n  serum TSH on one o r  more 
o c c a s i o n s ,  i n d i c a t i n g  l ack  of compliance wi th  t h e  thy rox ine  replacement  sched- 
u l e  and a l s o  i n d i c a t i n g  t h e  inadequacy of r e s i d u a l  t h y r o i d  t i s s u e  i n  p a t i e n t s  
with s u b t o t a l  t hy ro idec tomies  t o  ma in ta in  t h e  e u t h y r o i d  s t a t e  wi thou t  compen- 
s a t o r y  i n c r e a s e s  i n  TSH s e c r e t i o n .  These o b s e r v a t i o n s  l e d  t o  a t t e m p t s  t o  de- 
termine t h e  degree of t h y r o i d  f u n c t i o n  i n  exposed p o p u l a t i o n s  of both Rongelap 
and U t i r i k ,  which n e c e s s i t a t e d  temporary d i s c o n t i n u a t i o n  o f  t h e  thy ro id  hor- 
mone i n  t h e  Rongelap group. 
such t r ea tmen t . )  

b e r  o f  i n d i v i d u a l s  w i t h  a p p a r e n t l y  normal t h y r o i d  g l ands  were found t o  have 
subnormal increments  i n  plasma T4 24 hour s  a f t e r  r e c e i v i n g  10 u n i t s  o f  TSH 
in t r amuscu la r ly .  The mean increment i n  T4  i n  25 exposed Marsha l l e se  w a s  2.35 
pg/dl  (SD = 1.21, whereas t h e  increment i n  a c o n t r o l  group o f  unexposed euthy- 
r o i d  Rongelap and U t i r i k  i n d i v i d u a l s  w a s  4.2 Pg/dl (SD = 1.3).  This  w a s  s i g -  
n i f i c a n t l y  g r e a t e r  t han  i n  t h e  exposed s u b j e c t s  ( p  > 0.001). 

With i n c r e a s i n g  development of t h y r o i d  a b n o r m a l i t i e s  it has  become appar- 

During t h e  l a s t  seven y e a r s ,  s p e c i f i c  radioimmunoassay t echn iques  f o r  

(The U t i r i k  group w a s  n o t  r o u t i n e l y  r e c e i v i n g  

I n  ea r l i e r  s t u d i e s ,  d i s c u s s e d  i n  d e t a i l  i n  t h e  20-year r e p o r t  ( l ) ,  a num- 

A number of 

A 

A 
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exposed i n d i v i d u a l s  had T4 increments  of <1.5 pg/dl .  
posed i n d i v i d u a l s  w i th  i n t a c t  t h y r o i d  g l ands  have p e r i o d i c a l l y  shown modest 
TSH e l e v a t i o n s .  These o b s e r v a t i o n s  s t i m u l a t e d  a t t e m p t s  t o  e v a l u a t e  r e s i d u a l  
t hy ro id  f u n c t i o n  i n  a l l  exposed i n d i v i d u a l s  (1,361. 

I n  a d d i t i o n ,  s e v e r a l  ex- 

B. Methods 

1. Thyroid Examinations 

Examinations inc luded  i n s p e c t i o n ,  p a l p a t i o n ,  and a u s c u l t a t i o n  of t he  
neck and t h y r o i d  g l and ;  n o t a t i o n  o f  any c l i n i c a l  s i g n s  of t h y r o i d  dys func t ion ;  
q u a n t i t a t i v e  a s s a y s  of serum i o d i n e ,  t h y r o i d  hormones, and i o d o p r o t e i n s ;  and 
s p e c i a l  s t u d i e s  of t h y r o i d  f u n c t i o n  as desc r ibed  below. Suspected nodules  
were examined by o t h e r  team p h y s i c i a n s  f o r  conf i rma t ion  and were recorded by 
d e s c r i p t i o n  and f u l l - s c a l e  drawings.  Some nodules  were so i n d i s t i n c t  on i n i -  
t i a l  examinat ion t h a t  they were n o t  e v a l u a t e d  f u r t h e r  a t  t h e  t i m e  b u t  r ece ived  
s p e c i a l  a t t e n t i o n  on subsequent su rveys ,  o f t e n  by the  same p h y s i c i a n s  u t i l i z -  
ing  t h e  medical  r e c o r d s  and anno ta t ed  drawings as a b a s i s  f o r  comparison. 

S i n c e ,  i n  most c a s e s ,  a d i a g n o s i s  could no t  be f i r m l y  e s t a b l i s h e d  with- 
o u t  h i s t o p a t h o l o g i c  e v a l u a t i o n ,  s u r g i c a l  e x p l o r a t i o n  was u s u a l l y  recommended 
f o r  p a t i e n t s  w i th  c l i n i c a l l y  s u s p i c i o u s  f i n d i n g s .  Age and g e n e r a l  h e a l t h  s t a -  
t u s  of t h e s e  p a t i e n t s  were important  c q n s i d e r a t i o n s  i n  view of t r a v e l  r e q u i r e -  
ments. Surgery w a s  sometimes d e f e r r e d  because o f  poor h e a l t h  and /o r  o l d  age ,  
f a v o r a b l e  response of t h y r o i d  nodules  t o  t hy rox ine  t h e r a p y ,  o r  u n a v a i l a b i l i t y  
of t h e  i n d i v i d u a l  f o r  c l o s e  followup examinat ions.  Those consen t ing  t o  su r -  
gery were g e n e r a l l y  admi t t ed  t o  h o s p i t a l s  i n  t h e  United S t a t e s  a f t e r  i n i t i a l  
e v a l u a t i o n  a t  Brookhaven Na t iona l  Laboratory Medical Research Center .  Preoper- 
a t i v e  t h y r o i d  s t u d i e s  inc luded  iod ine  up take ,  s cans ,  and d e t e r m i n a t i o n  of thy- 
r o i d  hormone and autoant ibody l e v e l s .  Aside from a few c a s e s  a t  T r i p l e r  Army 
H o s p i t a l  i n  Honolulu,  s u r g i c a l  procedures  d u r i n g  t h e  p a s t  decade were per- 
formed e x c l u s i v e l y  a t  Cleveland Met ropo l i t an  General H o s p i t a l .  

2 .  Pa tho log ic  Eva lua t ion  

A l l  e x c i s e d  t i s s u e s  w e r e  examined by the  p a t h o l o g i s t s  a s s o c i a t e d  w i t h  
each h o s p i t a l  where su rge ry  was performed. I n  t h e  p a s t  t h e s e  have a l s o  in-  
c luded U.S. Naval H o s p i t a l ,  Guam; Ishoda Memorial H o s p i t a l ,  Majuro; and N e w  
England Deaconness H o s p i t a l ,  Boston. 'In a d d i t i o n  t o  g r o s s  and microscopic  
p a t h o l o g i c  e v a l u a t i o n s ,  s e l e c t e d  s l ide is  from each specimen were r e f e r r e d  f o r  
review t o  a number of p a t h o l o g i s t s  who had s p e c i a l  e x p e r t i s e  i n  d i s e a s e s  of 
t he  thyroid.* Working d i agnoses  f o r  i n d i v i d u a l  p a t i e n t s  were a s s i g n e d  on t h e  
b a s i s  of e v a l u a t i o n b  ob ta ined  from a l l  t h e s e  s o u r c e s  a t  t h e  t i m e .  

* D r s .  S. Warren (deceased ) ,  W.A. Meissner ,  and M. Legg (New England Deaconness 
H o s p i t a l ,  Boston, MA); J . D .  Reid and M. P e t r e l l i  (Cleveland Met ropo l i t an  Gen- 
e r a l  H o s p i t a l ) ;  J. Oer te l  (Armed Forcles I n s t i t u t e  o f  Pathology,  Walter Reed 
Army Medical Cen te r ,  Washington, DC); L.B. Woolner (Mayo C l i n i c ,  Roches t e r ,  
MN);  A.L. Vickery (Massachuset ts  General  H o s p i t a l ,  Boston);  L.V. Ackerman 
(S.U.N.Y. Stony Brook, NY); W. Hawk (Cleveland C l i n i c ,  C leve land ,  OH); and 
D. S l a t k i n  (BNL). 
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More r e c e n t l y ,  a l l  a v a i l a b l e  pa tho log ic  specimens,  inc luding  microscopic  
s l i d e s  and p a r a f f i n  embedded t i s s u e s ,  and the  p e r t i n e n t  records  w e r e  assembled 
i n t o  a c e n t r a l  a r c h i v e  a t  Brookhaven Na t iona l  Laboratory.  
eva lua t ion  of t h e s e  m a t e r i a l s  accord ing  t o  p r e s c r i b e d  h i s t o p a t h o l o g i c  c r i t e r i a  
and i n  con tex t  with p re -  and p o s t o p e r a t i v e  c l i n i c a l  d a t a ,  f i n d i n g s  a t  s u r g e r y ,  
and g ross  pa tho log ic  d e s c r i p t i o n s  and drawings. 
p a t h o l o g i s t s , *  most of whom had examined some m a t e r i a l  p rev ious ly ,  and t h e  
surgeon** who had performed v i r t u a l l y  a l l  the  thy ro id  ope ra t ions  s i n c e  1969, 
s imul taneous ly  reviewed s i x t y  o f  t hese  c a s e s .  Var iab le  numbers of s l i d e s  were 
a v a i l a b l e  f o r  review, depending upon the  thy ro id  p ro toco l s  used by the  v a r i o u s  
s u r g i c a l  pathology groups.  In  some c a s e s  t h e  smal l  number of s l i d e s  ( a s  few 
a s  one t o  t h r e e )  increased  the  p o s s i b i l i t y  of  miss ing  o c c u l t  carcinomas simply 
through sampling e r r o r .  Microscopic s l i d e s  were unava i l ab le  f o r  review i n  
t h r e e  cases  (Nos. 23, 54, 3074). 

posure group. P a t h o l o g i s t s  d i d  not  have access  t o  t h e i r  p rev ious  d i agnoses ,  
i f  any,  u n t i l  a f t e r  conclus ions  were reached i n  each i n d i v i d u a l  c a s e .  A 
s l i g h t  mod i f i ca t ion  ( s e e  Sec t ion  IX.C.l.d, His topa thology)  of the  World Heal th  
Organiza t ion  c l a s s i f i c a t i o n  of t hy ro id  tumors was adopted by t h e  committee be- 
forehand t o  ensure  s t a n d a r d i z a t i o n  of nomenclature.  In  a d d i t i o n ,  uniform 
morphologic c r i t e r i a  f o r  d i s t i n g u i s h i n g  among c a t e g o r i e s  were reviewed and 
approved.  

This allowed r e -  

An ad hoc committee of 

P a t i e n t s  were i d e n t i f i e d  by name and i d e n t i f i c a t i o n  number but  n o t  by ex- 

3 .  Thyroid Funct ion 

Evidence of  m i l d  hypothyroidism,  des igna ted  "biochemical t hy ro id  hypo- 
func t ion , "  can o f t e n  be found i n  p a t i e n t s  wi th  thy ro id  enlargement  by s e n s i -  
t i v e  a s says  f o r  serum TSH l e v e l s  (111).  Such p a t i e n t s  may have normal se rum 
T4 c o n c e n t r a t i o n s  ( a l b e i t  i n  t h e  lower range of normal) and y e t  have mild ele- 
v a t i o n s  i n  serum TSH and exaggera ted  TSH responses  t o  t h y r o t r o p i n  r e l e a s i n g  
hormone (TRH) i n f u s i o n .  Usual ly  they a r e  n o t  hypothyroid c l i n i c a l l y ,  s i n c e  
the  thy ro id  dys func t ion  may be so mild t h a t  e l e v a t e d  TSH can main ta in  serum 
thy ro id  hormone c o n c e n t r a t i o n s  i n  t h e  normal or n e a r  normal range.  Accord- 
i n g l y ,  t he  most s e n s i t i v e  t e s t  f o r  e v a l u a t i o n  of p o s s i b l e  thyro id  hypofunct ion 
i s  de te rmina t ion  of serum TSH c o n c e n t r a t i o n .  In  some c a s e s  t h i s  may be sup- 
plemented by measuring the  TSH response t o  TRH, though t h e r e  is e x c e l l e n t  cor-  
r e l a t i o n  between b a s a l  and s t i m u l a t e d  TSH (1,361.  

being t e s t e d  a t  l e a s t  2 t o  3 months and i n  some c a s e s  6 months p r i o r  t o  
t e s t i n g  f o r  t hy ro id  f u n c t i o n ,  bu t  s t r i c t  adherence t o  t h i s  regimen could not  
be v e r i f i e d  i n  a l l  i n s t a n c e s ,  an impor tan t  c o n s i d e r a t i o n  when e v a l u a t i n g  the  
r e s u l t s  g iven  i n  Appendix I V ,  Table  2. 

( thyroxine-b inding  g l o b u l i n  index,  TBGI). This  l a s t  test  measures the  f r ac -  
t i o n  of t r a c e r  T3 bound t o  cha rcoa l  a f t e r  a 30-minute incuba t ion ,  a va lue  
which is  compared wi th  t h a t  f o r  a q u a l i t y - c o n t r o l  pool assayed s imul taneous ly  

P rophy lac t i c  thyroxine  supplement was d i scon t inued  i n  the  Marsha l lese  

Serum was obta ined  f o r  measurement of TSH, T4, and T3 cha rcoa l  uptake 

* D r s .  L.V. Ackerman, W.A. Meissner ,  D.E. P a g l i a  (Un ive r s i ty  of C a l i f o r n i a ,  
Los Angeles) ,  J.D. Reid, A.L. Vickery,  and L.B. Woolner. 

"Dr. B.M. Dobyns (Cleveland Metropol i tan  General  H o s p i t a l ) .  
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(112,113).  Accordingly,  t h e  TBGI p a r a l l e l s  t h e  f r e e  f r a c t i o n  of t h e  t h y r o i d  
hormones i n  serum. 

Normal v a l u e s  f o r  serum T+ range from 5.0 t o  10.2 pg/dl  i n  p a t i e n t s  w i th  
normal c o n c e n t r a t i o n s  of thyroxine-binding g l o b u l i n  (TBG), and t h e  normal mean 
va lue  f o r  TSH i s  2 pU/ml wi th  an upper l i m i t  of 4 pU/ml (110) .  For r e a s o n s  t o  
be exp la ined ,  an upper l i m i t  o f  normal o f  6 pU/ml w a s  employed i n  some analy-  
ses of t h e s e  d a t a .  I n  some o f  t h e  exposed i n d i v i d u a l s ,  500 pg of TRH was 
g iven  i n t r a v e n o u s l y  and TSH w a s  measured 20 minutes l a t e r .  C o n t r o l s  f o r  t h e s e  
s t u d i e s  were nonexposed Marsha l l e se  l i v i n g  on e i t h e r  Rongelap o r  U t i r i k .  
Serum T3 c o n c e n t r a t i o n s  were measured i n  many o f  t h e s e  s u b j e c t s  bu t  are no t  
p re sen ted  h e r e  because they a re  n o t  p e r t i n e n t  t o  t h e  p r e s e n t  d i s c u s s i o n .  

F o r t u n a t e l y  some unused s u r p l u s  samples o f  plasma, ob ta ined  f o r  T4  m e a -  
surements on t h e  exposed Rongelap people as e a r l y  as 1963, had been' p re se rved  
i n  a f r o z e n  stat:. A r e t r o s p e c t i v e  s tudy  was done on t h e s e  samples u s i n g  the  
p r e s e n t  a s say  t echn iques  t o  measure T4 and TSH l e v e l s  i n  those  t h a t  had been 
taken from i n d i v i d u a l s  p r i o r  t o  su rge ry .  

crs 

C. Findings 

Except f o r  t h y r o i d  n o d u l a r i t y ,  i t  i s  noteworthy t h a t  o t h e r  t h y r o i d  d i s -  
eases such as t h y r o i d i t i s  have been abslent i n  t h i s  popu la t ion .  Also,  evidence 
of t h y r o i d  dys func t ion  w i t h  hyper- o r  hypofunct ion was r a r e l y  seen except f o r  
hypofunct ion i n  t h e  exposed Rongelap peop le ,  d e s c r i b e d  below. 

1. Thyroid Nodules 

( a )  C l i n i c a l  C h a r a c t e r i s t i c s  
Thyroid nodules  were almost  always asymptomatic, and p a t i e n t s  were o f t e n  

t o t a l l y  unaware of t h e i r  presence.  I n  a few c a s e s ,  nodules  were t e n d e r ,  and 
i n  rare i n s t a n c e s  p a t i e n t s  complained of s e n s a t i o n s  o f  neck f u l l n e s s  and/or  
d i scomfor t  on swallowing. Associated lymph-adenopathy was ra re .  None of t h e  
i n d i v i d u a l s  w i th  t h y r o i d  nodules  showed c l i n i c a l  evidence o f  t h y r o i d  dysfunc- 
t i o n ,  though serum hormone a s s a y s  i n d i c a t e d  s u b c l i n i c a l  hypofunct ion i n  some 
( s e e  Sec t ion  IX.C.2). A s  noted e a r l i e r ,  myxedema secondary to thyroid abla- 
t i o n  developed i n  two exposed Rongelap boys e i g h t  y e a r s  a f t e r  r a d i a t i o n  expo- 
s u r e .  

( b )  P reva lence  
Table  1 summarizes t h e  p reva lence  o f  t h y r o i d  a b n o r m a l i t i e s  i n  the  ex- 

posed and age-matched comparison popu la t ions .  I n  Appendix I V ,  Table 1, i n d i -  
v i d u a l  cases w i t h  p o s i t i v e  f i n d i n g s  are l i s t e d  a l o n g  w i t h  e s t i m a t e d  t h y r o i d  
doses ,  age a t  d e t e c t i o n  o f  abnorma l i ty ,  d i a g n o s i s ,  and d a t e  and p l a c e  o f  s u r -  
gery - 
Rongelap people ,  9 exposed U t i r i k  people ,  and 14 unexposed people.  Not l i s t e d  
i n  Table 1 of Appendix I V  are a number o f  c a s e s  i n  which p a l p a t i o n  of nodules  
was q u e s t i o n a b l e ,  i . e . ,  could n o t  be confirmed d e f i n i t e l y  by a m a j o r i t y  o f  
examiners.  A s  po in t ed  o u t  i n  S e c t i o n  I X . B ,  s u r g e r y  w a s  n o t  performed i n  some 
c a s e s  because o f  o l d  age ,  poor h e a l t h ,  o r  o t h e r  r easons .  A l l  of  t h e s e  pa- 
t i e n t s  are  be ing  c a r e f u l l y  followed. 

S ince  1974, a d d i t i o n a l  t h y r o i d  nodules  have been d e t e c t e d  i n  5 exposed 
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Before any d i s c u s s i o n  of  t h e  d a t a  presented  i n  Table  1 ,  t h e  r e a d e r  
should be reminded of c e r t a i n  cavea t s  concerning the  unexposed comparison popu- 
l a t i o n s  used i n  these  s t u d i e s .  These popu la t ions  c o n s i s t e d  of a group of 
unexposed people  of Rongelap ( e s t a b l i s h e d  i n  1958) t h a t  has  v a r i e d  i n  number 
from 150 t o  200, who have been examined r e g u l a r l y ,  and a d d i t i o n a l  groups of 
unexposed people  from the  a t o l l s  of Rongelap, U t i r i k ,  L ik i ep ,  and Wotje added 
dur ing  the  pas t  t e n  yea r s .  The l a t t e r  groups con ta in  many c h i l d r e n  who were 
no t  included i n  the  p r e s e n t  a n a l y s i s ,  bu t  were used i n  de te rmining  an a l l - a g e  
preva lence  of t hy ro id  a b n o r m a l i t i e s  ( s e e  Appendix I ) .  

A s  po in ted  out  i n  Appendix I ,  i t  is  u n l i k e l y  t h a t  the  low doses  from re- 
s i d u a l  r a d i a t i o n  . tha t  some of t hese  people  i n  t h e  comparison groups r ece ived  
would produce any d e t e c t a b l e  t h y r o i d a l  e f f e c t s .  Of the  unexposed p o p u l a t i o n s ,  
t he  b e s t  comparison group is t h a t  e s t a b l i s h e d  i n  1958, when i n d i v i d u a l s  were 
matched f o r  age and sex. Unfor tuna te ly  t h i s  group has  suffer:d a t t r i t i o n  over  
t he  y e a r s ,  and adequate  matching of new persons  t o  r e p l a c e  those  miss ing  has  
not  been p o s s i b l e .  The more r e c e n t  t hy ro id  comparison groups have had fewer 
examinat ions (some only  one)  and encompass only  segments of t h e  i s l a n d  popu- 
l a t i o n s .  I n  a d d i t i o n ,  an element of p o s s i b l e  b i a s  i n  t h i s  group is  t h a t  some 
people  may have presented  themselves for examinat ion because of a suspec ted  
thyro id  problem. 
thy ro id  d i s e a s e  i n  t h e  c o n t r o l  groups.  
most of t he  e s t a b l i s h e d  c o n t r o l  groups were examined many times over  a long 
per iod  a s  compared wi th  t h e  added c o n t r o l  groups so t h a t  t h e  f r a c t i o n a l  i n c i -  
dence of t hy ro id  d i s e a s e  i n  the  exposed popu la t ion  shown i n  Table 1, even 
a f t e r  c o r r e c t i o n ,  may be too  h igh .  

groups and i n  t h e  combined groups.  
of t hy ro id  nodules  can be found i n  Appendix I. The d a t a  i n  Table  2 i n d i c a t e  
no s i g n i f i c a n t  d i f f e r e n c e  between f i n d i n g s  i n  t h e  two comparison groups;  
t h e r e f o r e ,  t he  d a t a  from the  two groups combined were used i n  the  c a l c u l a t i o n s  
c u l a t i o n s  f o r  Table  1. Never the l e s s ,  t h e  c a v e a t s  r e f e r r e d  t o  above should be 
kept  i n  mind i n  i n t e r p r e t i n g  the preva lence  and r i s k  c a l c u l a t i o n s .  

( t o t a l  and malignant  nodules  and hypofunct ion)  i n  the  exposed Rongelap- 
Ai l ingnae  groups than  i n  t h e  U t i r i k  and age-matched comparison popu la t ions ,  
p a r t i c u l a r l y  i n  the  youngest Rongelap age group." The U t i r i k  group shows a 
s l i g h t l y  g r e a t e r  preva lence  of t hy ro id  a b n o r m a l i t i e s  than  does t h e  comparison 
popu la t ion ,  bu t  the  youngest U t i r i k  age group appears  t o  be comparat ively l e s s  
a f f e c t e d  than t h e  cor responding  young Rongelap group. 

t h e  Rongelap-Ailingnae group than  f o r  t h e  U t i r i k  group on t h e  b a s i s  of preva- 
l ence  i n  the  unexposed Marsha l lese .  

This  would tend a r t e f a c t u a l l y  t o  i n c r e a s e  the  inc idence  of 
An oppos i t e  b i a s  may occur  because 

Table  2 compares the  preva lance  of thy ro id  nodules  i n  the  two c o n t r o l  
I n d i v i d u a l  i s l a n d  l i s t i n g s  f o r  preva lance  

Table  1 shows a cons ide rab ly  g r e a t e r  preva lence  of t hy ro id  a b n o r m a l i t i e s  

Table  3 shows t h a t  t he  observed ve r sus  expected r a t i o s  are g r e a t e r  f o r  

*Prevalence and r i s k s  f o r  benign nodules  are n o t  p re sen ted  i n  Table  I s i n c e  
5 of  46 nodule cases  i n  the  exposed and 15 of  35 nodules  i n  the  unexposed 
(age-matched) groups d i d  n o t  have su rge ry .  
Carcinoma preva lence  i s  p resen ted  wi th  t h e  r e a l i z a t i o n  t h a t  va lues  p o s s i b l y  
r e p r e s e n t  an underes t imate  of preva lence  i n  view of t h e  unoperated cases .  

(See Table  1, Appendix I V . )  
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Table 1. Summary of t hy ro id  a b n o r m a l i t i e s  i n  t h e  Marsha l l e se ,  1981. 
(Correc ted  = matched c o n t r o l  va lue  s u b t r a c t e d . ) *  Gr3 

Tota l  
To ta l  nodules  Carcinoma Hypofunction** l e s i o n s  

Group E s t .  thy .  Cor re c- Correc- Correc- Correc- 
age 1954 N o .  dose ,  rad  No. % t e d  % No. % t e d  % No. % t ed  % t ed  % 

Ronge l a p  
< 10 22 8 l O - l l S O l  
10-18 12 335- 810 
> 18 33 335 

T o t a l  67 556 av.  

A i  1 ingnae 
< 10 7 275-450 
10-18 1 190 
> 18 11 135 

T o t a l  19 217 av.  

Rong. + A i l .  
< 10 29 275-1150 
10-18 13 190- 810 
> 18 44 135- 335 

T o t a l  86 482 av .  

U t i r i k  
< 10 64 60-95 
10-18 21 30-60 
> 18 79 30 

T o t a l  164 51 av.  

17 77.3 
3 25.0 
3 9.1 

23 34.3 

2 28.6 

4 36.4 
6 31.6 

19 65.5 
3 23.1 
7 15.9 

29 33.7 

5 4.7 
3 14.2 
9 11.4 

17 9.1 

Matched c o n t r o l s ,  unexposed 

< 10 2 29 6 2.6 
10-18 79 6 7.6 
> 18 292 23 7.9 

To ta l  600 35 5.8 

74.7 
17.4 
1.2 

28.5 

26.0 

28.5 
35.8 

62.8 
15.5 
8.0 

27.9 

5.2 
6.7 
3.5 
4.6 

1 4.5 
1 8.3 
2 6.1 
4 6.0 

1 3.4 
1 7 . 7  
2 4.5 
4 4.7 

1 1.6 
1 4.8 
1 1.3 
3 1.8 

2 0 .9  
1 1.3 
2 0.7 
5 0.8 

3.6 
8.3 
5.4 
5.2 

2.5 
7 .7  
3.8 
4.0 

0.7 
4.8 
0.6 
1.1 

3 13.6 13.6 88.0 
17.4 

4 11.8 11.9 13.2 
7 10.4 10.1 38.7 

26.0 

1 9.0 8.8 37.3 
1 5.2 5.0 30.8 

3 10.3 10.3 73.1 
15.5 

5 11.4 11.1 19.1 
8 9.3 9.0 36.9 

5.2 
6.7 
3.5 
4.6 

2.6t-l 
1 1.3 8.9 
1 0.3 8.2 
2 0.3 6.2 

*The cance r  e s t i m a t e s  are p o s s i b l y  underes t imated  s i n c e  a l l  unopera ted  nodules  
were cons ide red  benign f o r  t h e s e  c a l c u l a t i o n s .  Occul t  carcinomas were n o t  
inc luded  under  carcinoma. 

**No nodule c a s e s  with hypofunct ion  a r e  inc luded .  (See Tables  1 and 2 ,  Appendix 
IV. 1 

?'The lower dose estimates f o r  t h e  <10 group w e r e  used f o r  -- i n  u t e r o  cases .  
++No c o r r e c t i o n  necessa ry .  
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Table 2 .  Percent  of unexposed Marshal lese  (born be fo re  1 9 5 4 )  
wi th  thyro id  nodules .  

Es t ab l i shed  ( 1 9 5 8 )  
group (Rongelap) Added groups* Combined groups 

t o t a l  t o t a l  t o t a l  
Age 

group % % % % % % 
( 1 9 5 4 )  No. Nods. Carcinoma** No. Nods. Carcinoma** No. Nods. Carcinoma** 

<10 58 3.4 1 .7  171  2.3 0 .6  229 2.6 0 .9  
10-18 29 6 .9  0 50 8 .0  0 79 7 .6  0 
>18 98 9 .2  1 .o 194  7 .2  0.5 292 7 .9  0.7 
A l l  86 6 .9  1 . 1  415 5.3 0.5 600 5 .8  0.7 

*Added unexposed people  of Rongelap, U t i r i k ,  Wotje,  and Lik iep .  See Table  
1, Appendix I ,  f o r  i s l a n d  breakdown. 

cons idered  benign f o r  t hese  c a l c u l a t i o n s .  Occul t  p a p i l l a r y  carcinomas no t  
inc luded  under carcinoma . 

*The carcinomas may be underest imated s i n c e  a l l  unoperated nodules  w e r e  

Table  3 .  Observedlexpected thy ro id  nodules.* 

Group Exposure Age No. T o t a l  nodules  Carc inomaw 

Ronge l a p  <18 42 
>18 44 

U t i r i k  4 8  85 
>18 79  

I 1  

I 1  

2211.6  210.4  
7 / 3 . 5  210.3 
813.3  210.8 
9 / 5 . 7  1 / 0 . 6  

*Based on unexposed Marsha l lese  prevalence:  <18,  t o t a l  nodules  3 . 9 % ,  c a r c i -  
noma 1.0%; > 1 8 ,  t o t a l  nodules  7 . 9 % ,  carcinoma 0.7%. 

*Does not  i nc lude  o c c u l t  p a p i l l a r y  carcinomas. 
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F i g u r e s  1 and 2 show t h e  age d i s t r i b u t i o n  of t h y r o i d  nodules  i n  t h e  v a r i -  
ous popu la t ions .  The g r e a t e r  p reva lence  of nodules  i n  the  younger age group 
of exposed Rongelap-Ailingnae people i s  i n  c o n t r a s t  t o  t h e  g r e a t e r  p reva lence  
i n  the  o l d e r  age groups i n  the  comparison popu la t ion .  The l a t t e r  d i s t r i b u t i o n  
has  been noted i n  o t h e r  unexposed world p o p u l a t i o n s  ( s e e  Table 4 ,  Appendix I ) .  

F igu re  3 shows the  cumulat ive pe rcen tage  of t h y r o i d  nodules  f o r  t he  d i f -  
f e r e n t  age and exposure groups over  t h e  y e a r s .  
c r e a s e  appea r s  t o  be l e v e l i n g  o f f  f o r  the  Rongelap and Ai l ingnae  groups over 
t h e  p a s t  decade,  as would be expec ted ,  s i n c e  t h e  numbers o f  u n a f f e c t e d  people 
a r e  fewer. The U t i r i k  group shows a s l i g h t  i n c r e a s e .  

The curve of cumulat ive in -  

Sex r a t i o s  o f  t h y r o i d  nodules  ( s u r g i c a l  c a s e s  on ly )  were as fo l lows :  

Group T o t a l  nodules  

M/F 
Exposed lo /  35 
Unexposed* 61 14 

Benign Carcinomas 

M/F M/F 
10/28 O /  7 
21 13 41 1 

A s  has  been noted i n  o t h e r  popu la t ions  o f  t h e  world,  t he  preponderance 
o f  t h y r o i d  nodules  was i n  t h e  females i n  both exposed and unexposed popula- 
t i o n s .  I n  the  Marsha l l e se ,  though t h e  males accounted f o r  a l a r g e r  f r a c t i o n  
of nodules  i n  t h e  exposed than i n  t h e  unexposed groups,  t h e  r e v e r s e  w a s  ob- 
served f o r  cance r .  The number o f  c a s e s  is  too  small  f o r  t h i s  f i n d i n g  t o  be 
meaningful.  The r a t i o  o f  benign t o  mali-gnant l e s i o n s  f o r  t h e  exposed groups 
was 38/7 and f o r  t he  unexposed 15/5. 
r a d i a t i o n  exposure may have reduced t h e  cance r  r a t i o  i n  t h e  exposed group 
( " o v e r k i l l "  e f f e c t )  compared wi th  t h a t  j.n t h e  unexposed group. 

A s  po in ted  ou t  i n  p rev ious  r e p o r t s ,  t he  

( c >  Gross F ind ings  a t  Surgery 
Because of t he  c a r e  taken i n  c l i n i c a l  examinat ions,  t hy ro id  nodules  were 

o f t e n  d e t e c t e d  and s u r g i c a l l y  explored wh i l e  s t i l l  q u i t e  s m a l l .  Though many 
o f  t h e s e  were thought t o  be s i n g l e  nodules  by p a l p a t i o n ,  most were found a t  
su rge ry  t o  be m u l t i p l e .  Thyroid g l ands  were seldom d i f f u s e l y  e n l a r g e d .  Aside 
from the  nodules  t h a t  were p r e s e n t ,  t h e  remainder o f  t he  g l a n d u l a r  parenchyma 
c o n s i s t e n t l y  appeared normal on g r o s s  ex:amination. 

When p a t h o l o g i c a l l y  mal ignant  l e s i o n s  were d i scove red ,  they were o f t e n  
n o t  t h e  nodu les  t h a t  had drawn primary a t t e n t i o n  p r e o p e r a t i v e l y .  I n  a d d i t i o n  
t o  d i s t i n c t  nodu les ,  any areas w i t h  g r o s s  i r r e g u l a r i t i e s  were a l s o  r e s e c t e d ,  
no matter how minute .  

t h e  exposed Rongelap group,  showed i n c r e a s e d  numbers o f  f i n e  t o r t u o u s  c a p i l -  
l a r i e s  over  t h e  g l and  s u r f a c e s .  These resembled t h y r o i d s  seen i n  c e r t a i n  
c a s e s  of Grave ' s  d i s e a s e  t h a t  had been inadequa te ly  t r e a t e d  wi th  1311 and were 
subsequen t ly  t r e a t e d  by thyroidectomy. Th i s  f e a t u r e  has  no t  been noted i n  the  
i r r a d i a t e d  people  from U t i r i k .  

It i s  noteworthy t h a t  some t h y r o i d s ,  p a r t i c u l a r l y  i n  e a r l i e r  c a s e s  among 

*The L i k i e p  and Wotje groups were no t  included s i n c e  they were seen only once. 
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I RONGELAP-AILINGNAE 

2 50 0 UNEXPOSED 
J 

IO 20 30 40 50 ' 6 0  
AGE-DEVELOPMENT NODULES 

Fig .  1. Pe rcen t  of t o t a l  nodules  
appear ing  a t  v a r i o u s  a g e s ,  1979. 

I -Ca I rn F~ONGELAP-~ILINGNAE'EXPOSED 1 
E4 UTlRlK EXPOSED 
I3 UNEXPOSED 

AGE 

Fig .  2 .  Pe rcen t  of persons  wi th  
nodules  i n  v a r i o u s  age groups ,  1979. 
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U T I R I K - 5 8  I I ___----- , I 

I I I I I I I I 
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I I I I I I I I 
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/ . ...- 
/ 
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6 8  7 2  76 80 4 

Fig .  3 .  Cumulative pe rcen t  of 
persons  wi th  nodules ,  by yea r .  
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( d )  H i s  t opa tho logy  
Table  4 p r e s e n t s  i n d i v i d u a l  h i s t o p a t h o l o g i c  d i agnoses  ob ta ined  on thy- 

r o i d  t i s s u e s  r e s e c t e d  from 63 Marshal lese  w i t h i n  t h e  v a r i o u s  s t u d y  groups.  Two 
p a t i e n t s  r e q u i r e d  second o p e r a t i o n s :  i3n exposed Rongelap woman (No. 151, who 
had r e c u r r e n c e  o f  adenomatous nodules  .in r e s i d u a l  t h y r o i d  t i s s u e  10 y e a r s  
a f t e r  i n i t i a l  r e s e c t i o n ,  and a man exposed on U t i r i k  (No. 2279) whose t h y r o i d  
nodule w a s  cons ide red  benign on f rozen  s e c t i o n  b u t  w a s  found t o  c o n t a i n  p a p i l -  
l a r y  carcinoma on permanent s e c t i o n s .  Four p a t i e n t s  (No. 37, 40, 1556, 2261) 
had no d i s t i n c t  d i a g n o s t i c  l e s i o n  on pisthologic examinat ion.  Their p a l p a b l e  
thy ro id  i r r e g u l a r  it ies  appeared t o  have been secondary t o  normal anatomic v a r i -  
a t i o n  and/or  n o n s p e c i f i c  f o c a l  f i b r o s i s .  

by t h e  World Heal th  Organ iza t ion  (114) with minor m o d i f i c a t i o n s ;  t h e  t e r m ,  
adenomatous nodule ,  was used t o  d e s i g n a t e  f o c a l  p r o l i f e r a t i v e  l e s i o n s  t h a t  d i d  
n o t  f u l f i l l  t h e  u s u a l  c r i t e r i a  of t r u e  neoplasms. These were c h a r a c t e r i z e d  by 
h i s t o l o g i c  changes t y p i c a l  o f  adenomatous ( n o d u l a r )  g o i t e r  (114,115) o r  nodu- 
l a r  h y p e r p l a s i a  (1161, b u t  they usual1:y p re sen ted  as l o c a l i z e d  r a t h e r  t han  d i f -  
f u s e  a l t e r a t i o n s ,  p o s s i b l y  i n  p a r t  because o f  e a r l y  d e t e c t i o n .  A s  noted i n  
Table  4 ,  most of t h e s e  had h i s t o l o g i c  evidence o f  h y p e r p l a s i a ,  such as hyper- 
F l a s t i c  p a p i l l a e  o r  s o l i d  areas o f  h y p e r c e l l u l a r i t y ,  accompanied by v a r i a b l e  
amounts o f  f i b r o s i s  o r  o t h e r  evidence of r e g r e s s i v e  changes.  

The term, a t y p i c a l  adenoma or  a t y p i c a l  adenomatous nodule ,  was a p p l i e d  
t o  r e s p e c t i v e  l e s i o n s  t h a t  had more pronounced h y p e r c e l l u l a r i t y  o r  v a r i a t i o n s  
i n  a r c h i t e c t u r a l  p a t t e r n s  o r  c y t o l o g i c  c h a r a c t e r i s t i c s  bu t  were devoid of 
c lear  h i s t o l o g i c  evidence of carcinoma, such a s  t r a n s c a p s u l a r  i n f i l t r a t i o n  o r  
v a s c u l a r  i nvas ion .  

I n f i l t r a t i v e  tumors des igna ted  E a p i l l a r y  carcinoma o f t e n  con ta ined  s i g -  
n i f i c a n t  f o l l i c u l a r  components and t h e r e f o r e  might j u s t i f i a b l y  be  termed mixed 
p a p i l l a r y - f o l l i c u l a r  carcinomas. There was a conspicuous l a c k  of psamomma 
body formation.  I n  s e v e r a l ,  t h e r e  were r e l a t i v e l y  few p a p i l l a t i o n s ,  but  cyto- 
l o g i c  f e a t u r e s  of t h e  n e o p l a s t i c  e p i t h e l i u m  (e .g . ,  ove r l app ing ,  v e s i c u l a r  
n u c l e i )  were deemed s u f f i c i e n t l y  d i s t i n c t i v e  t o  mer i t  t h e  d e s i g n a t i o n ,  pap i l -  
l a r y .  
ments, were c l a s s e d  as  p a p i l l a r y  carcinomas i n  t h i s  s tudy  s i n c e  most author-  
i t i e s  ( 4 1 , 4 3 , 4 4 , 1 1 6 , 1 1 8 , 1 2 1 - 1 2 3 , 1 2 5 , 1 2 8 ) ,  but no t  a l l  ( 1 4 8 , 1 5 3 ) ,  consider them 
t o  behave i n  a c l i n i c a l l y  benign f a s h i o n  of pure p a p i l l a r y  carcinomas. Pure 
f o l l i c u l a r  carcinomas, which t end  toward more a g g r e s s i v e  c l i n i c a l  behavior  
than p a p i l l a r y  tumors (41,44,115,116,118,121,125,153) have n o t  been observed 
i n  t h e  M a r s h a l l e s e ,  a l though  some of t h e  f o l l i c u l a r  l e s i o n s  (e.g. ,  Nos. 2221, 
3006, 5059) e x h i b i t e d  f o c a l ,  p a r t i a l  c a p s u l a r  i n f i l t r a t i o n .  The p o t e n t i a l  
c l i n i c a l  e x p r e s s i o n  of such l e s i o n s ,  had they n o t  been exc i sed  a t  e a r l y  
s t a g e s ,  obv ious ly  r e p a i n s  s p e c u l a t i v e .  

l a r y  tumors found c o i n c i d e n t a l l y  wi th  n o n n e o p l a s t i c  nodular  d i s e a s e .  These 
w e r e  e q u i v a l e n t  t o  t h e  W.H.O. c l a s s i f i c a t i o n  o f  "non-encapsulated ( o c c u l t )  
s c l e r o s i n g  carcinoma" (114) and corresponded t o  the  "non-encapsulated s c l e r -  
o s i n g  tumor" d e s c r i b e d  by Hazard e t  a l .  (124,126) and "occu l t  s c l e r o s i n g  
carcinoma" of  Klinck and Winship ( 1 2 7 ) .  These were never  found as i s o l a t e d ,  
p a l p a b l e  l e s i o n s ,  b u t  i n  each i n s t a n c e  occur red  wi th  v a r i a b l e  deg rees  o f  f i -  
b r o s i s  i n  a s s o c i a t i o n  wi th  h y p e r p l a s t i c  adenomatous nodules .  T h e i r  t o t a l l y  
benign c l i n i c a l  behav io r ,  even i n  t h e  p re sence  of  r e g i o n a l  lymph node 

The d i a g n o s t i c  c a t e g o r i e s  i n  Table 4 a r e  e s s e n t i a l l y  those  recommended 

Such mixed tumors,  even wi th  marked predominance of f o l l i c u l a r  e le-  

The term, o c c u l t  p a p i l l a r y  --, carcinoma was used f o r  t hose  minute p a p i l -  
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Table 4. Histopathologic diagnoses of thyroid nodules among Marshallese 
study populations. 

Patient Age at Years post Patho logic 
No. 61 sex surgery exposure d i agno s is Remarks 

RoneelaD exDosed 

21 F 
17 F 
69 F 
2 M  
20 M 
64 F 
33 F 
42 F 
61 F 
65 F 
19 M 
23 M 
54 M 
18 F 
36 M 
72 F 
15 F 
75 F 

40 M 
83 M 
74 F 
37 M 
66 F 

85 M 

13 
12 
15 
12 
18 
41 
13 
13 
20 
13 
14 
19 
14 
34 
21 
20 
22,32 
24 

46 
24 
34 
45 
54 

25 

Ailinenae exDosed 

59 F 53 
8 F  18 

45 F 45 
51 F 45 
53 F 33 

10 1/2 
10 1/2 
10 1/2 
11 
11 
11 
12 
12 
12 
12 
14 1 / 2  
14 1/2 
14 1/2 
15 1/2 
15 1/2 
15 1/2 

15 1/2,25 
18 1/2 

19 
20 
22 
23 1/2 
25 1/2 

25 1/2 

12 
18 

19 
20 
27 

Adenomatous nodules 
Adenomatous nodule 
Adenomatous nodule 
Adenomatous nodule 
Adenomatous nodule 
Papillary carcinoma 
Adenomatous nodules 
Adenomatous nodules 
Adenomatous nodules 
Adenomatous nodule 
Adenomatous nodule 
Adenomatous nodule 
Adenomatous nodule 
Papillary carcinoma 
Adenomatous nodules 
Papillary carcinoma 
Adenomatous nodules 
Adenomatous nodules 
with follicular 
ad e noma 
No diagnostic lesion 
Adenomatous nodule 
Papillary carcinoma 
No diagnostic lesion 
Adenomatous nodule 

Hyperplasia 
Hyperplasia 
Hyperplasia 
Hyperplasia 
Hyperplasia 
Lymph node metastases 
Hyperplasia, fibrosis 
Papillary hyperplasia 

Fibrosis 
Hyperplasia 

Hyperplasia 
Lymph node metastases 

Fibrosis 
Focal hypercellularity 

Papillary hyperplasia, 
fibrosis 

Adenomatous nodules 

Adenomatous nodule Hyperplasia 
Adenomatous nodule Hyperplasia, focal 

Adenomatous nodule 
Adenomatous nodule Fibrosis 
Adenomatous nodules 

atypia 

with occult 
papillary carcinoma 

A 
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Table 4 ( c o n t ' d )  

P a t i e n t  Age a t  Years pos t  P a  tho l o g i c  
No. & sex surgery  exposure d iagno s is  Remarks 

U t i r i k  exposed 

2229 F 32 15. 1 /2  

2208 F 53 19 
2212 F 53 19 

2221 F 73 19 

2160 F 
2150 M 
2194 F 
2261x M 
2236 M 
2193 F 
2195 F 
2215 F 

25 
34 
59 
50 
35 
56 
49 
58 

21 1 /2  
22 
22 
23 1 /2  
24 
25 112 
25 1 /2  
25 1 /2  

2147 F 30 25 112 
2196 F 63 26 1 /2  
2239 F 29 27 
2132 F 28 27 

Rongelap unexposed c o n t r o l s  

938 F 33 
829 F 41 
841 F 41 

1007 M 66 
1573 M 28 

867 F 50 
4023 F 44 
1556 F 34 

F o l l i c u l a r  carcinoma Divided opinion:  

Adenomatous nodules  
Adenoma tous  nodules  Hyperp l a s  i a  

with Hurthle  c e l l  
adenoma 

wi th  f o  1 l i c u  l a r  a t y p i a  
ad erioma 

a t y p i c a l  adenoma 

Adenomatous nodules  Hyperp las ia ,  f o c a l  

P a p i l l a r y  carcinoma Hyperp las ia  
F o l l i c u l a r  adenoma 
P a p i l l a r y  carcinoma Lymph node metastases 
No d j.agno s t i c  les ion  
Fo l l i . cu l a r  adenoma Focal  hype rp la s i a  
Adenoma tous  nodules  
Adenoma tous nodule 
Adenclmatous nodules  

Pap i 1 l a r y  hyperp l a  s i a  

wi th  o c c u l t  p a p i l l a r y  
carcinoma 

Adenolmatous nodules  D i f f u s e  
Adenomatous nodules  
Adenomatous nodules  
Adenomatous nodule  F i b r o s i s  

Adenoma tous  nodule  
Adenomatous nodule  P a p i l l a r y  hype rp la s i a  
Adenomatous nodules  

wi th  occu 1 t pap i  1 l a r y  
carcinoma 

P a p i l l a r y  carcinoma F i b r o s i s ,  hype rp la s i a  
P a p i l l a r y  carcinoma 
Adenoinatous nodule F i b r o s i s  
Adenoinatous nodule P a p i l l a r y  hype rp la s i a  
No d i a g n o s t i c  l e s i o n  
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Table 4 ( c o n t ' d )  

P a t i e n t  Age a t  Years p o s t  Pa tho l o g i c  
No. h sex  surgery  expo s u r e  d iagno s i s  Remarks 

U t i r i k  unexposed c o n t r o l s  

*2279 M 21,23  
3074 F 22 
3058 F 56 
3042 F 50 
3006 M 78 

3096 F 56 

3023 F 39 

Wotje unexposed c o n t r o l s  

5027 M 32 
5030 M 36 
5059 F 49  

P a p i l l a r y  carcinoma 
Adenoma 
Adenomatous nodule 
P a p i l l a r y  c a r c  inoma 
Adenomatous nodules  

wi th  f o l l i c u l a r  
adenoma 

nodules 
Atypica l  adenomatous 

Adenomatous nodule 

Lymph node me tas t a ses  

Lymph node me tas t a ses  
Focal a t y p i a  

Focal h y p e r c e l l u l a r i t y  

Marked p a p i l l a r y  
hype rp la s i a  

P a p i l l a r y  carcinoma 
Adenomatous nodule Focal h y p e r p l a s i a  
A typ ica l  adenomatous Focal h y p e r p l a s i a ,  

nodule wi th  adenoma b o r d e r l i n e  a t y p i a  

*In t h e  younger (non-age-matched) group. 
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metas t a ses ,  i s  w e l l  documented (41,87,117,120,125,126,129,130,254-256,2601. 
In  only one case  ( N o .  72) was t h e r e  evidence of c e r v i c a l  lymph node me tas t a ses  
from a c l i n i c a l l y  o c c u l t  p a p i l l a r y  carc:inoma ( s e e  F igure  4 ) .  

c a l  nodes. These has  been no evidence of d i s t a n t  m e t a s t a s i s  i n  any of  t he  
Marsha l l e se ,  nor has  t h e r e  been l o c a l  r ecu r rence  of any r e s e c t e d  carcinoma. 
Other forms of t hy ro id  mal ignancies ,  such a s  medul la ry ,  squamous, a n a p l a s t i c ,  
o r  sarcomatous,  have no t  been observed.  

Tab le 5 summarizes the  d i s t r i b u t i o n  of  these  tumors among exposure 
groups.  The preva lence  of t hese  l e s i o n s  w i t h i n  the  s tudy  popu la t ion  s u b s e t s  
has  been d i scussed  i n  Sec t ion  1 I I . l . b .  No s p e c i f i c  type of h i s t o l o g i c  l e s i o n  
appeared d i r e c t l y  a t t r i b u t a b l e  t o  r a d i a t i o n ,  s i n c e  they occurred i n  s i m i l a r  
r e l a t i v e  p ropor t ions  i n  both exposed arid unexposed groups ,  bu t  h i s t o l o g i c  and 
c y t o l o g i c  changes c o n s i s t e n t  wi th  r a d i a t i o n  i n j u r y  were observed i n  some of 
t he  exposed i n d i v i d u a l s .  These inc luded  t h e  p o s t i r r a d i a t i o n  i n t e r s t i t i a l  
f i b r o s i s ,  lymphocytic t h y r o i d i t i s ,  and o x y p h i l i c  changes noted by o t h e r  inves-  
t i g a t o r s  (257,258) .  

t i e n t .  Most of t he  s p e c i f i c  l e s i o n s ,  such a s  p a p i l l a r y  carcinomas,  occur red  
i n  a l o c a l  m i l i e u  of  adenomatous n o d u l a r i t y ,  bu t  the  l a t t e r  was recorded a s  a 
s e p a r a t e  d i agnos i s  only when i t  was judged t o  be a s i g n i f i c a n t  c o n t r i b u t o r  t o  
the  pa lpab le  n o d u l a r i t y .  When carcinoma was found, it w a s  no t  always the  c l i n -  
i c a l l y  s u s p i c i o u s  nodule t h a t  o r i g i n a l l y  prompted su rge ry ,  a c i rcumstance  expe- 
r i enced  by a number of o t h e r  i n v e s t i g a t o r s  (148,153,257).  

Favus e t  a l .  (153) r epor t ed  t h e  :Erequent coex i s t ence  of adenomatous 
hype rp la s i a  and r ad iogen ic  p a p i l l a r y  oir mixed carcinomas. A s  noted i n  Table  
4 ,  t he  p r e s e n t  s tudy  included numerous cases  i n  which prominent ly  h y p e r p l a s t i c  
f o c i ,  o f t e n  wi th  p a p i l l a r y  c o n f i g u r a t i o n s ,  occurred w i t h i n  adenomatous nod- 
u l e s .  In  two of t hese  cases  (Nos. 8 and 2 2 2 1 1 ,  f o c a l  a t y p i a  was a l s o  noted .  
Otherwise,  t h e r e  was no h i s t o l o g i c  evidence t o  sugges t  t h a t  such h y p e r p l a s t i c  
a r e a s  might e v e n t u a l l y  p rogres s  t o  carcinoma, e s p e c i a l l y  s i n c e  they  were a l s o  
commonly observed among the  n o n i r r a d i a t e d  c o n t r o l  popu la t ions .  The reasons  
f o r  such h i g h l y  l o c a l i z e d ,  exuberant  responses  t o  TSH s t i m u l a t i o n  remain 
u n c l e a r ,  however, and r ad iogen ic  i n j u r y  cannot be ru l ed  out a s  one p o t e n t i a l  
cause .  Studies  of ch i ldren  with thyroid exposures of  <lo00 r ads  l ed  S p i t a l n i k  
and S t r a u s  t o  sugges t  t h a t  f o c a l  hype rp la s i a  i n  such cases  might r e p r e s e n t  a 
premalignant  a l t e r a t i o n  (258) .  

Many of the  r e f e r e n c e s  c i t e d  i n d i c a t e  t h a t  rad ia t ion- induced  p a p i l l a r y  
o r  mixed carcinomas of t h e  thy ro id  u s u a l l y  r e p r e s e n t  low-grade mal ignancies  
wi th  r e l a t i v e l y  l i t t l e  o r  no c l i n i c a l  s i g n i f i c a n c e  i n  terms of p a t i e n t  mor- 
b i d i t y  o r  m o r t a l i t y .  F a c t o r s  t h a t  appear  t o  i n f l u e n c e  prognos is  adve r se ly  in-  
c lude  nonpap i l l a ry  h i s t o l o g y ,  s i z e  of the pr imary,  ' l o c a l  e x t e n t ,  l o c a l  recur -  
rence  r a t e ,  and d i s t a n t  m e t a s t a s e s ,  bu t  - n o t  r e g i o n a l  lymph node me tas t a ses .  
The s i n g l e  most important  adverse  p rognos t i c  i n d i c a t o r  may be onse t  a t  more 
than 40 t o  45 y e a r s  of age (41-44,45,118,119,121-123,125). Of t h e  f o u r t e e n  
Marsha l lese  with e i t h e r  o c c u l t  o r  o v e r t  p a p i l l a r y  carcinomas,  f i v e  were i n  the  
o l d e r  age group,  t h r e e  of whom were r a d i a t i o n  exposed. Of t h e  f i v e  wi th  c e r v i -  
c a l  node me tas t a ses ,  one (No. 3042) was i n  the  unexposed comparison popu la t ion  
from U t i r i k .  

g e r  age group,  and a l l  were p a p i l l a r y  icarcinomas devoid of l o c a l  r ecu r rence  o r  

Lymph node me tas t a ses  no te  i n  Table  4 were a l l  l i m i t e d  t o  r e g i o n a l  c e r v i -  

I n  a number of i n s t a n c e s ,  more than one d i agnos i s  app l i ed  t o  a s i n g l e  pa- 

S ince  the  preponderance of cases  among the Marsha l lese  was i n  the  youn- 
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Figure  4 .  Cut s u r f a c e s  of l e f t  t hy ro id  lobe ( P a t i e n t  No. 72)  demonst ra t ing  
adenomatous nodules  and minute primary p a p i l l a r y  carcinoma (arrow) r e s p o n s i b l e  
f o r  c e r v i c a l  lymph node me tas t a ses .  (From B.M. Dobyns.) 
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d i s t a n t  m e t a s t a s e s ,  t h e  c l i n i c a l  prognoses f o r  t h e s e  i n d i v i d u a l s  remains 
h i g h l y  favorable .  
l o g i c a l l y  a s  mal ignant  neoplasms (carc inomas) ,  e i t h e r  o c c u l t  o r  o v e r t ,  i t  
should be emphasized t h a t  t h e  l a y  term "cancer ,"  w i th  i t s  ominous implica-  
t i o n s ,  should n o t  be app l i ed  t o  such c l i n i c a l l y  benign l e s i o n s ,  a p o i n t  w e l l  
noted by o t h e r s  (255,259) .  

Although f o u r t e e n  of t h e s e  tumors were c l a s s i f i e d  morpho- 

2. Thyro ida l  Hypofunction 

Cr i te r ia  used i n  d e f i n i n g  biochemical  t hy ro id  f u n c t i o n  were developed 
from f i n d i n g s  i n  t h e  c o n t r o l  and exposed U t i r i k  popu la t ions  p re sen ted  i n  Table  
6." I n  the  i n i t i a l  se r ies ,  an upper l i m i t  of  3 pU TSH/ml serum was s e l e c t e d ,  
s i n c e  b a s e l i n e  s t u d i e s  i n  25 unexposed Marsha l lese  who were c l i n i c a l l y  and 
b iochemica l ly  eu thy ro id  y i e l d e d  a mean va lue  of  2.0 pU/ml (SD = 0.73) wi th  a 
range of 0.5 t o  3.0 pU/ml. 
t i o n  wi th  500 pg of TRH averaged 11.5 pU/ml (SD = 4.5) w i th  a range of  4.7 t o  
20.0 pU/ml. 
l a t i o n s  wi th  r e s p e c t  t o  both  b a s a l  TSH and TRH-induced TSH r e l e a s e  
(111,130,131) .  

Serum TSH c o n c e n t r a t i o n s  i n  t h i s  group a f t e r  i n j e c -  

These r e s u l t s  a r e  s imi l a r  t o  those  ob ta ined  i n  o t h e r  normal popu- 

Table  6. Number of s u b j e c t s  w i th  e l e v a t e d  serum TSH c o n c e n t r a t i o n s  i n  
c o n t r o l  and exposed Marsha l lese  popu la t ions  (1975-1979). 

S u b j e c t s  

I n i t i a l  S e r i e s  Second S e r i e s  

Tes ted  S i n g l e  TSH Tes ted  two Two TSH v a l u e s  
once - >3 pU/ml o r  more t i m e s  1 6  pU/ml 

Con t r o  1 115 11 (10%) 67 2 (3.0%) 
(unexposed Marsha l l e se )  

( t h y r o i d  dose <95 r a d s )  
Rongelap-Ailingnae exposed 43 11 (26%) 36 7 (19%) 
(No p r i o r  s u r g e r y )  

U t i r i k  exposed 99 12 (12%) 10 1 0 

A s  shown i n  Table  6 ,  on ly  10% of a c o n t r o l  popu la t ion  of 115 had serum 
TSH c o n c e n t r a t i o n s  >3 pU/ml. I n  t h e  the  U t i r i k  popu la t ion  exposed t o  r e l a -  
t i v e l y  low doses  of  r a d i o i o d i n e ,  12% had s i n g l e  TSH v a l u e s  >3 pU/ml. 
s u l t s  sugges ted  t h a t  t h e r e  was no d i f f e r e n c e  between t h e s e  two popu la t ions  
wi th  r e s p e c t  t o  t h e  p reva lence  of  e l e v a t e d  serum TSH. I n  t h e  exposed ( b u t  

These re- 

*Data from the  exposed U t i r i k  group were combined wi th  the  d a t a  from t h e  
unexposed group because t h a t  group showed no ev idence  of t hy ro id  hypofunct ion 
a s s o c i a t e d  w i t h  t h e  low doses  t o  t h e i r  t hy ro ids .  
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unoperated) Rongelap populations, the prevalence of serum TSH >3 PU/ml was 
26%, more than twice that in the two other populations, suggesting the pres- 
ence of some degree of thyroid dysfunction in this group. 

tion and the occurrence of only one value >5 pU/ml in either the control or 
the exposed Utirik populations justified the selection of 6 pU/ml as a tenta- 
tive upper limit of normal. A minimum of two separate determinations of serum 
TSH in each individual was established as an additional requirement. Recent 
studies of normal individuals (in the U.S.) using this TSH immunoassay indi- 
cated that a persistent serum TSH of 6 W/ml for 6 hours achieved by constant 
TRH infusion results in significant increases in serum T3 and T4 over this 
time period (132). Therefore a serum TSH concentration >6 VU/ml as measured 
by this TSH assay represents a biologically significant elevation. Of 67 con- 
trol and 101 Utirik exposed individuals assayed at least twice, only one had 
a serum TSH concentration >6 W/ml (Table 6). This 55-year-old woman (subject 
No. 982) had serum TSH values of 6.3 and 6.5 pU/ml and in 1978 had a serum T4 
of 6.4 l.lg/dl with a TBGI of 0.76 (normal range = 0.85 to 1.10). Tests for 
antimicrosomal and antithyroglobulin antibodies were negative. 

These criteria for thyroid dysfunction were clearly biochemical since 
none of the patients had clinical hypothyroidism. The results were, however, 
specific enough to permit classification and eliminate errors that might be 
due to variations in the assay and/or physiological variations. When these 
more specific criteria were applied to the exposed Rongelap populations (Table 
6, second series), there were still eight individuals with TSH values >6 pU/ml 
on two occasions. 
presented in Table 7. 

at age 1 year (thyroid doses 1150 rads or more). Representative serum TSH 
values may not be maximal, especially in the case of subject No. 3, since he 
generally adhered to the recommendations regarding thyroid replacement medica- 
tion, which was never intentionally stopped in these two. Subject No. 5, how- 
ever, often had substantial elevations in TSH and markedly reduced serum T4, 
indicating that he did not take thyroxine regularly. 

In the remaining five individuals in Table 7, serum TSH values between 
6 and 10 W/ml were obtained on various occasions. In most, the serum T4 or 
estimated free thyroxine index (obtained by multiplying the serum T4 by the 
TBGI, normal range 4.7 to 10.6) was in the low or low-normal range, as noted 
in other individuals with mild thyroid hypofunction (111). Thus, while sub- 
jects No. 34 and 78 had serum T4 concentrations within the normal range, they 
both had a subnormal TBGI, indicating that the concentrations of unoccupied 
TBG binding sites were elevated in these sera. Since the normal range for 
serum T4 is dependent on the quantity of circulating TBG, such subjects should 
have a higher serum T4. 
thyroidism listed in this table were exposed between the ages of 25 and 45 
years and are now aged 50 to 70. 

To determine whether increased age could be associated with an increase 
in serum TSH, as observed in other surveys (1331, serum TSH values in control 
and exposed Utirik patients in this age group were examined. Only one individ- 
ual (No. 982) was found to be abnormal out of a total of 53 tested. About 
two-thirds of these subjects had at least two serum TSH determinations, and 
none of the remaining had a TSH concentration >4 pU/ml. Therefore the 

The occurrence of 10% of control values >3 l.lU/ml for serum TSH concentra- 

Other pertinent observations on these individuals are 

The first two individuals listed in Table 7 (Nos. 3 and 5) were exposed 

All of the individuals with mild biochemical hypo- 
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Table 7. Resu l t s  of  serum ana lyses  i n  exposed Marshal lese  s u b j e c t s  
wi th  a t  l e a s t  two TSH assays  - >6 W/ml (1980). 

E s t  i m a  t ed  
Sub jec t  Date of Serum TSH Serum T4 TBGI Age a t  t hy ro id  dose 

N o .  & sex sample (W/ml> ( & / d l )  ( u n i t s )  exposure ( r a d s )  

3M 
5M 
4M 

16M 

34F 

7 1F 

78F 

32M 

1977 
1963 
1972 
1974 
1969 
1979 
1974 
1979 
1974 
1977 
1977 
1979 
1980 

69 
500 
6.0 
7.0 
6.3 
6.5 
6.3 
8.3 
10 
7 
6.6 
8.8 
7.3 

2.5 
0.5 
7.3 
5.4 
4.4 
4 . 9  
7.1 
8.0 
4.2 
5.2 
6.1 
7.6 
5.1 

0.95 
0.71 

0.82 
0.89 
0.91 

0.74 

0.98 
0.82 
0.68 
0.89 

-- 

-- 
-- 

1 
1 

38 

39 

45 

27 

37 

3 

1150 
1150 
335 

135 

335 

335 

335 

1050 

Normal c o n t r o l  range: 0-6.0 5.0-10.2 0.85-1.10 

obse rva t ion  of  e l e v a t e d  TSH i n  t he  i n d i v i d u a l s  l i s t e d  i n  Table  7 cannot be 
a t t r i b u t e d  t o  age a lone .  
l a t i o n  t e s t s  had been performed e a r l i e r .  Both had T4 increments  of <1 l lg/dl  
24 hours  fo l lowing  10 u n i t s  TSH a d m i n i s t r a t i o n ,  a c l e a r l y  subnormal response 
showing t h a t  t hese  thy ro ids  had no c a p a c i t y  t o  respond t o  inc reased  demand. 

done i n  some i n d i v i d u a l s .  R e s u l t s  on s u b j e c t s  No. 4, 71, and 78 are g iven  i n  
F igure  5. Data from s u b j e c t  No. 74, d i scussed  below, a r e  a l s o  shown. This  pa- 
t i e n t  had su rge ry  subsequent  t o  the  tes t  and is t h e r e f o r e  ca t egor i zed  sepa- 
r a t e l y  (Table  8). Sub jec t s  No. 4, 71,  and 78 a l l  were hyper respons ive  t o  TRH 
s t i m u l a t i o n ,  w i th  serum TSH va lues  a t  20 min ’22 llU/ml, which is  the  97.5% con- 
f idence  i n t e r v a l  f o r  mean normal responses  i n  t h e  Marsha l lese .  

No. 4 and No. 78 were among those i n  whom TSH stimu- 

To e v a l u a t e  t h e  p i t u i t a r y l t h y r o i d  a x i s  more comple te ly ,  TRH s t u d i e s  were 

E 
3 

I 

u) 

J a 

0- 
BASAL AFTER 

TRH 

Figure  5. Basal  plasma TSH and TRH- 
s t imu la t ed  TSH i n  eu thy ro id  Marshal lese  
and i n  fou r  exposed s u b j e c t s  w i th  
biochemical  evidence of impaired thy- 
r o i d  func t ion .  Plasma was obta ined  
20 min a f t e r  i n f u s i o n  of 500 llg TRH. 
The upper l i m i t s  of the  normal range 
are i n d i c a t e d  by the  shaded ba r s .  
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Table 8. R e s u l t s  of r e t r o s p e c t i v e  ana lyses  sugges t ing  the  presence  of 
thyro id  dysfunct ion  p r i o r  t o  surgery  i n  c e r t a i n  exposed Marsha l lese  (1980).  

Date of Age a t  Est imated 
Sub jec t  serum Serum TSH Serum T4 T B G I  exposure thy ro id  dose 

No. & sex sample ( pU/ml) ( p g / d l )  ( u n i t s )  ( y e a r s )  ( r a d s )  

2M 1963 22 6.5 0.84 2 1100 
19M 1963 6.9 5.7 1.01 5 1000 

33F 1966 22 8.3 0.82 1 1150 
69F 1963 470 1.4 0.64 4 1000 
74F 1972 16.3 -- -- 15 42 5 
83M" 1974 6.7 3.3 0.98 i n  u t e r o  >175 

1965 8.2 9.5 0.80 

-- 

Normal c o n t r o l  range: 0-6.0 5-10.2 0.85-1.10 

*This i n f a n t ' s  mother ( N o .  74) had an e s t ima ted  thy ro id  dose of  425 r ads .  

It w a s  of i n t e r e s t  t o  measure TSH i n  f rozen  plasma samples obta ined  
yea r s  e a r l i e r  t o  determine whether i n d i v i d u a l s  might have had evidence of thy- 
r o i d  dys func t ion  p r i o r  t o  surgery .  In  many cases  only one sample obta ined  
p r i o r  t o  su rge ry  w a s  a v a i l a b l e .  The c r i t e r i o n  used i n  these  i n s t a n c e s  was 
t h a t  serum TSH be 1 6  pU/ml on a t  l e a s t  one occas ion .  
proved, t h a t  TSH is r e l a t i v e l y  s t a b l e  i n  plasma samples s t o r e d  a t  -20°F f o r  
prolonged pe r iods .  This conclus ion  was supported by r e s u l t s  on s u b j e c t  No. 
5 ,  who had a serum TSH of  500 pU/ml i n  a sample obta ined  i n  1963, bu t  
obvious ly  it i s  u n c e r t a i n  what t h a t  va lue  would have been had t h i s  specimen 
heen measured f r e s h .  Since a l l  s u b j e c t s  were on T4 therapy  a f t e r  1963, i t  
should be assumed t h a t  t h e s e  r e s u l t s  might underes t imate  the  prevalence o f  
p r e s u r g i c a l  hypothyroidism. I n  any case ,  s i x  i n d i v i d u a l s  e x h i b i t e d  biochem- 
i c a l  evidence of m i l d  t o  s eve re  degree of hypothyroidism p r i o r  t o  surgery  
(Table  8 ) .  

serum TSH of  470 pU/ml was found i n  a sample ob ta ined  i n  1963. This  s u b j e c t  
had surgery  performed i n  1964. Three i n d i v i d u a l s  had modest e l e v a t i o n s  i n  
serum TSH, between 16 and 22 pU/ml, and the  remaining two had m i l d  abnormal- 
i t i e s .  Most bu t  n o t  a l l  of t hese  e l e v a t e d  serum TSH v a l u e s  were a s s o c i a t e d  
wi th  decreased serum f ree- thyroxine  i n d i c e s ,  and a l l  were i n  s u b j e c t s  exposed 
a t  a young age ,  four  r e c e i v i n g  an e s t ima ted  thy ro id  dose L l O O O  r ads .  
Receiving lower thy ro id  doses  were No. 74, who w a s  15 a t  the  t i m e  o f  exposure,  
and No. 83 ,  who was -- i n  u t e r o  ( g e s t a t i o n a l  age 6 mol. These r e s u l t s  appear  t o  
be c o n s i s t e n t  wi th  obse rva t ions  i n  s u b j e c t s  No. 3 and 5. 

which ind ica t ed  primary thyro id  dysfunct ion  as a consequence of r a d i a t i o n  

It was assumed, bu t  n o t  

The most marked abnormal i ty  w a s  observed i n  s u b j e c t  No. 69, i n  whom a 

I n  a d d i t i o n  t o  the  r e s u l t s  on t h e  above 13 s u b j e c t s  i n  Tables  7 and 8 ,  
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exposure,  t he  r e s u l t s  on four  o t h e r  exposed,  unoperated i n d i v i d u a l s  had a s i n -  
g l e  TSH de te rmina t ion  % y / m l .  A l l  of t h e s e  i n d i v i d u a l s  had TRH-induced TSH 
responses  between 30 and 35 )JJ/ml. Therefore  i t  i s  p o s s i b l e  t h a t  i n  t h e  n e x t  
few yea r s  a d d i t i o n a l  i n d i v i d u a l s  w i l l  be  i d e n t i f i e d  who m e e t  the  c r i t e r i a  f o r  
biochemical  t hy ro id  dys func t ion .  None of t h e  s u b j e c t s  wi th  e l e v a t e d  serum TSH 
had d e t e c t a b l e  a n t  i t h y r o g l o b u l i n  o r  t hy ro id  ant imicrosomal  a n t i b o d i e s .  

3. Thyroid Abnormali t ies  i n  Cases Exposed -- I n  Utero 

t h e r e  
been 

I n  the  Rongelap group,  exposed t o  175 r ads  of whole-body r a d i a t i o n ,  
were t h r e e  people  exposed -- i n  u t e r o .  Benign tumors of t he  thy ro id  have 

removed from two of these :  adenomatoid nodules  removed a t  age 24 from a 
male (No. 83) exposed a t  t h e  end of t h e  second t r i m e s t e r ,  and a h y p e r p l a s t i c  
nodule removed a t  age 26 from a male (No. 85) exposed a t  t he  end of t he  f i r s t  
trimester. A female (No. 86)  exposed i n  t h e  f i r s t  t r i m e s t e r  has  developed no 
d e t e c t a b l e  thy ro id  abnorma l i t i e s .  In  the  Ai l ingnae  group (69-rad whole body 
exposure)  t h e r e  w a s  one exposure a t  t h e  end of t h e  f i r s t  t r i m e s t e r ,  and i n  t h e  
U t i r i k  group (14-rad whole body exposure)  t h e r e  were s i x  -- i n  u t e r o  exposures .  
No thy ro id  abnorma l i t i e s  have appeared i n  any of  t hese  cases .  

The t o t a l  t hy ro id  doses  i n  these  cases  cannot be a c c u r a t e l y  e s t ima ted .  
The func t ion  of t h e  f e t a l  t hy ro id  a t  t h e  time of exposure i s  an impor tan t  fac-  
t o r  i n  such e s t i m a t i o n s .  A f e w  r e p o r t s  are a v a i l a b l e  concerning func t ion  of 
t he  f e t a l  t hy ro id  gland a t  v a r i o u s  s t a g e s  of g e s t a t i o n  (134-137). The gland 
is  thought no t  t o  accumulate iod ine  be fo re  the  12th  week of g e s t a t i o n ,  bu t  
t h e r e a f t e r  becomes i n c r e a s i n g l y  a c t i v e ,  and a t  b i r t h  i s  more a c t i v e  than  i n  
the  a d u l t  o r  c h i l d .  I n  case  No. 83 ,  a t  t he  t i m e  of exposure -- 22 weeks ges t a -  
t i o n  -- t h e  t h y r o i d  w a s  probably func t ion ing  s u f f i c i e n t l y  t o  have absorbed a 
s i g n i f i c a n t  amount of r a d i o i o d i n e s  from the  mothe r ' s  blood.  I n  case  No. 85,  
i t  i s  u n l i k e l y  t h a t  t h e  thy ro id  was s u f f i c i e n t l y  f u n c t i o n a l  a t  1 2  weeks ges t a -  
t i o n  t o  have absorbed a s i g n i f i c a n t  amount of r a d i o i o d i n e s  from the  mother,  
and t h e  development of t h e  t h y r o i d  nodule  may have been a s s o c i a t e d  wi th  t h e  
gamma exposure.  Data on t h e  t i m e  of g e s t a t i o n  and degree of exposure i n  the  
s i x  U t i r i k  c a s e s  a r e  u n c e r t a i n ,  bu t  t h e i r  t hy ro id  doses  both from whole-body 
and from p o s s i b l e  r a d i o i o d i n e  exposure would have been f a r  less than those  of  
t h e  Rongelap group,  and t h i s  i s  c o n s i s t e n t  with t h e  l ack  of f i n d i n g s  i n  t h a t  
group. 

Ne i the r  of t h e  -- i n  u t e r o  exposed c h i l d r e n  who developed thy ro id  nodules  
showed any impairment i n  growth and development ( s e e  Sec t ion  IV). No. 83 had 
an e l e v a t e d  TSH l e v e l  p r i o r  t o  su rge ry ,  bu t  wi thout  evidence of c l i n i c a l  
hypothyroidism. The thy ro id  s t a t u s  of t he  mothers of t he  two -- i n  u t e r o  c a s e s  
who developed t h y r o i d  n o d u l a r i t y  is  of i n t e r e s t .  The mother of No. 83 w a s  ex- 
posed a t  age 15 t o  an e s t ima ted  thy ro id  dose of  175 rads  g a m a  r a d i a t i o n  p lus  
250 r ads  from r a d i o i o d i n e s  and developed a thy ro id  cancer  a t  age 32. She 
showed evidence of  biochemical  hypothyroidism p r i o r  t o  surgery  (Sec t ion  
IX.C.2.). The mother of No. 85 w a s  exposed a t  age 1 7  t o  an e s t ima ted  thy ro id  
dose of  175 r ads  g a m a  r a d i a t i o n  p l u s  160 r ads  from rad io iod ines .  She has no t  
developed n o d u l a r i t y  of t h e  t h y r o i d  g l and ,  bu t  hypertrophy of t h e  pyramidal 
lobe a t  age 43 w a s  noted.  

s u r e  dur ing  t r ea tmen t  of  t he  mother with l a r g e  doses  of r a d i o i o d i n e s  f o r  
hyper thyro id ism (mCi amounts, compared wi th  probable  U C i  amounts i n  t h e  

A number of c a s e s  of myxedema have been r e p o r t e d  fo l lowing  -- i n  u t e r o  expo- 
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Marsha l l e se )  (138-141). 
appear t o  be the  f i r s t  known c a s e s  developing t h y r o i d  nodules a f t e r  r ad io -  
i od ine  exposure.  

These two i n d i v i d u a l s  exposed -- i n  u t e r o  d e s c r i b e d  h e r e  

4. Problems Associated With t h e  Thyroid Hormone Treatment Program 

I n  1965 a BNL t h y r o i d  adv i so ry  panel  recommended t h a t  t h e  exposed 
Rongelap people  be  p l aced  on thy ro id  hormone t r ea tmen t  f o r  l i f e  as a prophylac- 
t i c  measure t o  reduce t h e  r i s k  of f u r t h e r  t h y r o i d  nodule development (by sup- 
p r e s s i o n  of TSH l e v e l s )  and p o s s i b l y  enhance growth and development i n  some o f  
t h e  c h i l d r e n  i n  whom t h i s  was r e t a rded .*  S ince  t h a t  t i m e ,  t h e  exposed 
Rongelap people  have been r e c e i v i n g  d a i l y  ( o r  weekly) t r ea tmen t  w i t h  s y n t h e t i c  
L-thyroxine ( S y n t h r o i d ,  F l i n t  Drug Co.). The Ai l ingnae  peop le  were a l s o  
p l aced  on the  hormone t r ea tmen t  regimen i n  1969 because of t he  development o f  
t h y r o i d  nodules  i n  t h a t  group. I n  t h e  exposed U t i r i k  p o p u l a t i o n  and i n  t h e  
unexposed g roups ,  hormone t r ea tmen t  has  been used only i n  those who have had 
t h y r o i d  su rge ry  and ,  i n  some c a s e s ,  t o  tes t  t h e  response of t h y r o i d  nodules  t o  
a t r i a l  t r ea tmen t  w i th  the  hormone. The Syn th ro id  doses  used u s u a l l y  have 
been 0.3 mg/day f o r  people  <50 y e a r s  o f  age and 0.2 mglday f o r  t hose  >50. How- 
e v e r ,  t h e  dosage h a s  been a d j u s t e d  downward i n  some e l d e r l y  people  and i n  a 
few people  who showed symptoms on t h e  dose g iven .  

a s t r i c t  hormone t r e a t m e n t  regimen i n  a l l  of t h e  people .  Most o f  t h e  people  
take the  medicat ion f a i t h f u l l y ,  bu t  a number of them have been careless i n  
ma in ta in ing  the  r e g u l a r i t y  o f  t r ea tmen t  i n  s p i t e  o f  con t inued  e f f o r t s  by t h e  
medical t e a m  and t h e  r e s i d e n t  p h y s i c i a n  and h i s  a i d e s  t o  impress upon them the  
importance o f  t h e  t r e a t m e n t  program. Omission o f  med ica t ion  has  been p a r t i c u -  
l a r l y  s e r i o u s  i n  p a t i e n t s  who had undergone thy ro id  su rge ry .  A number o f  
t h e s e  have from t i m e  t o  t i m e  shown e l e v a t e d  serum TSH l e v e l s  and a few ques- 
t i o n a b l e  s i g n s  o f  hypothyroidism. F o r t u n a t e l y ,  excep t  i n  one c a s e  ( d e s c r i b e d  
below), t r e a t m e n t  w a s  resumed b e f o r e  s e r i o u s  consequences developed. In  s p i t e  
o f  a l l  e f f o r t s ,  some pos t -ope ra t ive  p a t i e n t s  s t i l l  become l a x  a t  t i m e s  about 
r e g u l a r i t y  o f  med ica t ion ,  as i n d i c a t e d  by e l e v a t e d  serum TSH l e v e l s .  

A s  d i s c u s s e d  p r e v i o u s l y  ( s e e  S e c t i o n  I X . A . 1 ,  two Rongelap boys exposed 
a t  one y e a r  o f  age r ece ived  larger doses t o  the  thy ro id  (pe rhaps  >ZOO0 or  m o r e  
rads)  and developed hypothyroidism w i t h  s t u n t e d  growth a s s o c i a t e d  w i t h  a t rophy  
of t h e  t h y r o i d  gland.  One of t h e s e  responded s a t i s f a c t o r i l y  t o  t r e a t m e n t  w i t h  
hormone, showing enhanced growth and development and no c l i n i c a l  evidence of 
hypothyroidism i n  s p i t e  of o c c a s i o n a l  e l e v a t i o n s  of serum TSH l e v e l s .  The 
o t h e r  case, however, though he had responded t o  t h e  t r ea tmen t  w i th  improved 
growth s t a t u s ,  h a s  become a s e r i o u s  problem wi th  r e g a r d  t o  ma in ta in ing  t h y r o i d  
t r ea tmen t .  On a number o f  occas ions ,  he has  e x h i b i t e d  p e r i o d s  o f  apa thy ,  de- 
velopment of b e h a v i o r a l  problems a long  wi th  some degree o f  mental  r e t a r d a t i o n ,  
and r e f u s a l  o f  food a t  t i m e s .  Th i s  w a s  a s s o c i a t e d  w i t h  h igh  l e v e l s  o f  TSH. 
H e  h a s  been h o s p i t a l i z e d  on s e v e r a l  occas ions  wi th  s e v e r e  hypothyroidism. The 
above f i n d i n g s  i n d i c a t e  t h e  importance o f  m a i n t a i n i n g  a s t r i c t  t r ea tmen t  

A s  p o i n t e d  ou t  i n  p a s t  r e p o r t s ,  t h e r e  have been problems o f  m a i n t a i n i n g  

q h e  r a t i o n a l e  f o r  such t r ea tmen t  h a s  been supported by t h e  f i n d i n g  t h a t  devel-  
opment of t h y r o i d  tumors i n  expe r imen ta l  animals  i s  completely prevented by 
hypophysectomy (142) .  
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regimen i n  t h i s  popu la t ion ,  and inc reased  e f f o r t s  i n  t h i s  d i r e c t i o n  seem t o  in-  
d i c a t e  an improved t r end .  

The f avorab le  e f f e c t  of t he  hormone t r ea tmen t  i n  improving growth and de- 
velopment i n  some of the  growth-retarded c h i l d r e n  i s  d i scussed  i n  p a s t  r e p o r t s  
(1 ,27)  and i n  Sec t ion  I V .  
an e f f e c t  i n  p reven t ing  format ion  of  t hy ro id  nodules .  Some exposed ind iv id -  
u a l s  have developed nodules  wh i l e  t ak ing  medica t ion  c o n s c i e n t i o u s l y .  

It remains u n c e r t a i n  whether t h e  t r ea tmen t  has  had 

5 .  Iodopro te in  S t u d i e s  

In  t h e  course  of serum hormone measurements t o  monitor  p o s s i b l e  r a d i a -  
t i o n  e f f e c t s  on thyro id  f u n c t i o n ,  it was f o r t u i t o u s l y  d iscovered  t h a t  t h e  na- 
t i v e  people  i n  t h e  Marshal l  I s l a n d s  normally have a serum iodopro te in  l e v e l  
h ighe r  than t h a t  found i n  Western people ,  even while  r e s i d i n g  i n  the  Marsha l l  
I s l a n d s  -- see Table  32 of t h e  20-yr r e p o r t  ( 1 ) .  The f ind ing  of serum iodo- 
p r o t e i n  i n  a t h y r o t i c  Marsha l lese  sugges ted  t h a t  t h i s  subs tance  a r o s e  o u t s i d e  
t h e  thy ro id  g land .  
serum p r o t e i n  iod ina ted  by blood leukocytes  i n  the  con tex t  of ch ron ic  inflamma- 
t o r y  d i s e a s e  such as p a r a s i t i c  i n f e s t a t i o n .  
hypothes is .  I n  1973, serum thy rog lobu l in  was measured i n  a number of i nd iv id -  
ua l s  from v a r i o u s  groups;  t h e  f i n d i n g s  are summarized i n  t h e  20-year r e p o r t  
(F igs .  41  and 42) ( 1 ) .  Thyroglobul in  l e v e l s  w e r e  the s a m e  as in the U . S .  nor- 
m a l  popu la t ion  and t h u s  could n o t  e x p l a i n  t h e  e l e v a t e d  serum iodopro te in .  
a d d i t i o n ,  i t  was found t h a t  Rongelap and U t i r i k  people  who had had thy ro id  s u r -  
gery tended t o  have lower than normal serum thy rog lobu l in  l e v e l s .  This may 
have been the  r e s u l t  of t hy ro id  gland removal o r  more l i k e l y  of suppres s ion  by 
thyroxine  the rapy .  The major s i g n i f i c a n c e  of t h e  e l e v a t e d  iodopro te in  i s  t h a t  
i t  w a s  r e s p o n s i b l e  i n  the  e a r l y  phase of  the  Marshal l  I s l a n d  surveys  f o r  f a i l -  
u r e  t o  recognize  hypothyroidism. 
t i n e  sc reen ing  tes t  a t  t h a t  t i m e .  
f o r  T4, T3, and TSH and t h e i r  a p p l i c a t i o n  i n  t h e  su rveys ,  t h i s  problem is no 
longer  important .  

It w a s  p o s t u l a t e d  t h a t  i t  might be iodoalbumin o r  o t h e r  

There i s  s t i l l  no proof f o r  t h i s  

I n  

The serum p r o t e i n  bound iod ine  w a s  t h e  rou- 
S ince  the  development of radioimmunoassays 

D. Discuss ion  of Thyroid F indings  

The most d e f i n i t e  and widespread l a t e  e f f e c t s  of  exposure t o  f a l l o u t  i n  
t h e  Marsha l lese  have been r e l a t e d  t o  t h e  l a t e n t  development of thyro id  
n o d u l a r i t y ,  benign  and mal ignant ;  t he  development of  nodules  i n  two c h i l d r e n  
exposed -- i n  u t e r o ;  growth r e t a r d a t i o n  i n  some of t h e  c h i l d r e n ;  and ,  more re- 
c e n t l y ,  the  f i n d i n g  of  hypofunct ion i n  some exposed people  wi th  and wi thout  ev- 
idence of o t h e r  t h y r o i d  abnorma l i t i e s .  
e t i o l o g y  of t hy ro id  abnorma l i t i e s  i n  the  Marsha l lese  seems c l e a r .  There are 
no known g o i t r o g e n s  t h a t  might p l ay  a r o l e ,  and t h e  iod ine  i n t a k e  of t hese  peo- 
p l e  is adequate  a s  i n d i c a t e d  by adequate  l e v e l s  of i od ine  i n  food sources  and 
i n  t h e  u r i n e .  

of Marsha l lese  have been expanded f o r  comparison with those  exposed t o  f a l l -  
out .  The r e s u l t s  have been important  i n  the  e v a l u a t i o n  of f ind ings  i n  the  
exposed people .  
abnorma l i t i e s  i n  these  unexposed Marsha l lese  does not  appear  t o  be very  

The r o l e  of  r a d i a t i o n  exposure i n  t h e  

During the  p a s t  f i v e  yea r s  thyro id  examinat ions of unexposed popu la t ions  

As d i scussed  i n  Appendix I ,  the  inc idence  of thy ro id  
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d i f f e r e n t  from t h e  inc idences  i n  o t h e r  world popu la t ions ,  which sugges t s  t h a t  
t h e r e  is noth ing  unusual  i n  the  environment of the  Marshal l  I s l a n d s  t h a t  might 
pred ispose  t o  t h y r o i d  abnorma l i t i e s .  

Marsha l lese  groups were roughly r e l a t e d  t o  t h e  c a l c u l a t e d  thy ro id  doses  i n  t h e  
groups,  i . e . ,  g r e a t e s t  i n  the  Rongelap, l e s s  i n  the  Ai l ingnae ,  and l e a s t  i n  
t h e  U t i r i k  group,  as i n d i c a t e d  i n  Table 1 and F igure  3. However, because of 
the  small  numbers of people  involved and u n c e r t a i n t i e s  of t he  doses  r ece ived ,  
t h e  d a t a  do n o t  lend themselves t o  dose-response a n a l y s i s .  

posure and t h e  l a t e r  development of t hy ro id  neop las i a  (143-145,198,199). 
There a r e  i n c r e a s i n g  r e p o r t s  of t he  development of t hy ro id  abnorma l i t i e s  i n  
c h i l d r e n  many y e a r s  a f t e r  t h e r a p e u t i c  i r r a d i a t i o n  of t h e  head and neck (wi th  
thyro id  exposure)  (146-171,200-203). The inc idence  of t hy ro id  tumors was 
increased  i n  t h e  s u r v i v o r s  of t he  atomic bombings of Japan (84-86,172). Re- 
p o r t s  of tumorigenic  e f f e c t s  of r ad io iod ines  a r e  more l i m i t e d  i n  man (173- 
1801, and 1311 has  cons ide rab ly  l e s s  e f f e c t  than  x - rad ia t ion  and o t h e r  pene- 
t r a t i n g  r a d i a t i o n s  i n  t h i s  re  ard .  The few s t u d i e s  of  l a t e  t hy ro id  e f f e c t s  
fo l lowing  d i a g n o s t i c  use of l5l1 have i n d i c a t e d  g e n e r a l l y  n e g a t i v e  f i n d i n g s  
(175,176).* 

p o s s i b l y  have had a s i m i l a r  type  of exposure were those  r e s i d i n g  i n  the  
Nevada-Utah a r e a  dur ing  t h e  Nevada t e s t i n g  program. Chi ldren  l i v i n g  i n  t h i s  
a r e a  were l a t e r  examined f o r  t hy ro id  abnorma l i t i e s .  The thy ro id  dose i n  these  
c h i l d r e n  has  been e s t ima ted  a t  about 18 rem (maximum 120 rem) (181) .  The 
amount of sho r t - l i ved  iod ine  i so topes  involved is  not  known. No i n c r e a s e  i n  
t h e  inc idence  of t hy ro id  abnorma l i t i e s  was d e t e c t e d  i n  these  c h i l d r e n  compared 
wi th  unexposed c h i l d r e n  i n  Arizona,  a l s o  examined i n  t h a t  s tudy.  

the  Marsha l lese  c h i l d r e n .  Table  9 ( s e e  a l s o  Appendix I V ,  Table  4 )  shows t h a t  
r a d i a t i o n  r i s k  e s t i m a t e s  f o r  t h e  development of t hy ro id  n o d u l a r i t i e s  o r  c a r c i -  
noma i n  the  Marsha l lese  approximate those f o r  popu la t ions  exposed t o  x- 
r a d i a t i o n  and f o r  Japanese atomic bomb s u r v i v o r s .  The i n t e r n a l  a b s o r p t i o n  of 
r a d i o i o d i n e s  b e f o r e  evacuat ion  of  t he  Marsha l lese  from t h e i r  home i s l a n d s  was 
a most important  source  of r a d i a t i o n  exposure t o  t h e  thy ro id  g land .  On t h e  
b a s i s  of  known f a c t s  r ega rd ing  r i s k ,  t he  e s t ima ted  doses  of gamma r a d i a t i o n  
a lone  would n o t  have been s u f f i c i e n t  t o  induce t h e  observed f i n d i n g s .  It i s  
known t h a t  1311 i s  cons ide rab ly  less e f f e c t i v e  i n  producing thy ro id  abnormal- 
i t i e s  than x - rad ia t ion  (183-185,1871, and,  s i n c e  i t  has  been demonstrated t h a t  
t he  s h o r t e r - l i v e d  i so topes  of  iod ine  a r e  more d e s t r u c t i v e  t o  the  thy ro id  than 
1311 (188-192) because of g r e a t e r  p e n e t r a t i o n  of t h e i r  b e t a  r a y s  and f a s t e r  
dose r a t e ,  it seems l i k e l y  t h a t  t h e i r  p resence  played an important  r o l e  i n  thy- 
r o i d  i n j u r y  and may p a r t l y  account  f o r  t h e  unexpectedly h ighe r  r i s k  e s t i m a t e s  
than would be expected from 1311 a lone .  
pea ted .  The dose e s t i m a t e s  i n  t h e  Marsha l lese  are only  approximate,  and 

The numbers of t hy ro id  abnorma l i t i e s  d e t e c t e d  i n  the  v a r i o u s  exposed u 

Numerous animal s t u d i e s  have shown the  a s s o c i a t i o n  between r a d i a t i o n  ex- 

Besides  t h e  Marsha l lese  exposed in  1954, t he  only  o t h e r  people  t h a t  may 

Seve ra l  p o i n t s  should be made r ega rd ing  t h e  thy ro id  dose e s t i m a t e s  i n  

However, s e v e r a l  p o i n t s  should be re- 

*Doses from d i a g n o s t i c  use  of 1311 vary from about 10 t o  200 r ads  (194).  
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6ii Table 9. Risks  of t hy ro id  n o d u l a r i t y  from r a d i a t i o n  i n  ch i ld ren .*  

Risk 
Group TY Pe Dose 

( y e a r s  follow-up) rad ( rads  Benign Carcinoma 

Ronge l a p  (27 
A i  l ingnae  ( 27 1 
U t i r i k  (27)  
A l l  of  above 
Rochester  (25)  
Ann Arbor (17) 
Beach & 

Dolphin (20) 
UNSCEAR (17)  
ABCC (20) 
ABCC (20)  
Modan e t  a l .  

Maxon (21.5) 
A lbe r t  e t  a l .  

1 B, Y 
11 

I 1  

11 

x-ray (162) 
x-ray (162) 

x-ray (182) 
x-ray (97)  
Y,n (172) 
y,n (172) 
x-ray (163) 

x-ray (164) 

710-1150 
28 0- 4 50 

60-95 
312 ( av )  
119 (av)  

20 ( a v )  

26.7 1.6 
29.4 0 
16.7 3.8 
24.4 1.9 

3.0 
24 .O 2.2  

20-1000 

6-6.5 
<2 0 

270 ( av )  

1 . 7  
0.5-1.5 

1 .3  ( a l l  ages)  
0.2 ( a l l  ages )  

12.3 4.2 

1.5 

(See Table  4 ,  NO. of c a s e s  x 10-6 
dose years at  risk. "Risk i s  c a l c u l a t e d  from t h e  equa t ion  

Appendix IV.) Unoperated c a s e s  i n  t h e  Marsha l lese  groups were n o t  included 
i n  the  e s t i m a t e s .  The inc idence  i n  the  matched comparison Marsha l lese  popula- 
t i o n  has  been s u b t r a c t e d  from t h a t  i n  t h e  exposed groups i n  de te rmining  the  
r i s k .  I f  the  a c t u a l  number of yea r s  a t  r i s k  were used ,  i . e . ,  s u b t r a c t i o n  of  
l a t e n t  p e r i o d ,  t h e  r i s k  v a l u e s  would be h ighe r  i n  t h e  Marsha l lese .  

s t u d i e s  under way i n d i c a t e  t h a t  they may be too  low.* Cons iderable  v a r i a t i o n  
i n  i n d i v i d u a l  t hy ro id  doses  probably r e s u l t e d  from d i f f e r e n c e s  i n  food and 
water consumption a t  t he  t i m e  of  t he  f a l l o u t .  The g r e a t e s t  u n c e r t a i n t y  was i n  
doses  t o  t h e  c h i l d r e n .  Undoubtedly, t h e  two boys exposed a t  one yea r  of age 
who developed thy ro id  a t rophy  and mjxedema rece ived  doses  we l l  above those  
c a l c u l a t e d ,  as expla ined  i n  Appendix 11. 

From the  Marsha l lese  expe r i ence  it appears  t h a t  t h e r e  is  a g r e a t e r  
p ropens i ty  t o  develop thy ro id  n o d u l a r i t  ies a f t e r  r a d i o i o d i n e  exposure i n  t h e  
c h i l d r e n  than i n  the  a d u l t s .  This  is r e l a t e d  no t  only t o  the  sma l l e r  s i z e  of  
t h e i r  g lands  ( r e s u l t i n g  i n  l a r g e r  doses)  bu t  p o s s i b l y  a l s o  t o  t h e  r a p i d  growth 
of the  g land  (from 1-2 grams a t  b i r t h  t o  about 18 a t  m a t u r i t y )  and increased  

*Even i f  t h e  Marsha l lese  t h y r o i d  doses  were twice  as h igh ,  t h e  r i s k  e s t i m a t e s  
would s t i l l  be h ighe r  than would be accounted f o r  on the  b a s i s  of 1311 expo- 
s u r e  a lone .  
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metabol ic  f u n c t i o n  of t h e  t h y r o i d s  of young c h i l d r e n  (237) .  
however, t h a t  the  r i s k  f o r  carcinoma was g r e a t e r  i n  the  o l d e r  exposed groups 
than i n  t h e  c h i l d r e n .  This  may be r e l a t e d  t o  t h e  
h ighe r  doses  i n  the  c h i l d r e n  ( " o v e r k i l l  e f f e c t " ) .  (See Appendix 11.)  

The f i n d i n g  of t hy ro id  nodules  i n  two c h i l d r e n  who were exposed i n  u t e r o  
on Rongelap i n d i c a t e s  the  importance of  f e t a l  i r r a d i a t i o n  of t he  thy ro id  gland 
by r a d i o i o d i n e s  absorbed by t h e  mother.  
exposed i n  u t e r o  on Rongelap, t h i s  f i nd ing  seems s i g n i f i c a n t .  

Rongelap c h i l d r e n ,  t h i s  f i nd ing  has  been more r e c e n t l y  noted i n  a d u l t s  of t h i s  
popula t ion  who had r ece ived  lower thy ro id  doses  and who had n o t  e x h i b i t e d  thy- 
r o i d  n o d u l a r i t y .  The appearance of  hypothyroidism fo l lowing  a c c i d e n t a l  expo- 
s u r e  t o  r a d i o a c t i v e  i o d i n e s  conta ined  in  f a l l o u t  has  n o t  been p rev ious ly  re- 
po r t ed  excep t  i n  t h i s  Marsha l lese  popula t ion .  S tud ie s  of R a l l i s o n  e t  a l .  d i d  
no t  show an inc reased  number of c a s e s  of o v e r t  hypothyroidism i n  c h i l d r e n  ex- 
posed t o  low l e v e l s  of  f a l l o u t  i n  Utah (181) .  Most p rev ious  s t u d i e s  of t he  e f -  
f e c t s  of r a d i o i o d i n e  on human thy ro id  func t ion  have c o n s i s t e d  of e v a l u a t i o n s  
o f  t he  r i s k  of  hypothyroidism developing a f t e r  v a r i o u s  q u a n t i t i e s  of 1311 ad- 
m i n i s t e r e d  f o r  t h e  t r ea tmen t  of hyper thyro id ism (173,209) .  
e r a l l y  r e s u l t s  i n  t h y r o i d a l  doses  >5000 rads .  

c h i l d r e n  exposed a t  age < lo  yea r s  (Table  8 ) .  A s  po in t ed  o u t ,  t h i s  group had 
r ece ived  thy ro id  doses  about t h r e e  t i m e s  a s  g r e a t  a s  t h a t  of t h e  a d u l t s  be- 
cause of t h e  smaller s i z e  of  t h e i r  thyro id  g lands .  While the  t h y r o i d a l  hypo- 
func t ion  i n  t h e  p r o s p e c t i v e l y  s t u d i e d ,  older-age group (Table  7 1 ,  was gener-  
a l l y  l e s s  pronounced, the  plasma TSH concen t r a t ions  were cons ide rab ly  g r e a t e r  
than those found in  t h e  c o n t r o l  Marsha l lese  popu la t ion  and t h e  FT4I r e s u l t s  
were reduced. I t  i s  p e r t i n e n t  t o  note  t h a t ,  u s ing  the  same TSH a s say  a s  em- 
ployed i n  these  s t u d i e s ,  a plasma TSH of 6 W / m l  main ta ined  f o r  6 h r  by TRH in-  
f u s i o n  resu l t s  i n  s i g n i f i c a n t  s t i m u l a t i o n  of t he  thyro id  g lands  i n  normal ind i -  
v i d u a l s  (132) .  F u r t h e r  evidence of decreased  thy ro id  r e s e r v e  i n  t h i s  prospec- 
t i v e  s tudy  was a decreased  response t o  TSH and enhanced TRH respons iveness .  
Thyro ida l  hypofunct ion  was noted i n  only one i n d i v i d u a l  exposed on Ai l ingnae ,  
none i n  the  groups exposed on U t i r i k  A t o l l ,  and only one i n  the  unexposed 
group.  The abnormal p lasma TSH c o n c e n t r a t i o n s  w e r e  not  found i n  a comparably 
aged, eu thy ro id ,  unexposed popu la t ion ,  which i n d i c a t e d  t h a t  t h i s  f i n d i n g  was 
no t  a m a n i f e s t a t i o n  of age a lone .  No i n d i v i d u a l s  were found t o  have e l e v a t e d  
t i t r e s  of  ant imicrosomal  o r  a n t i t h  rog lobu l in  a n t i b o d i e s .  

On t h e  b a s i s  of s t u d i e s  of lS1I t r ea tmen t  of primarg hypothyroidism,  i t  
has  been e s t ima ted  t h a t  4 t o  5 cases  o f  h o thyro id ism/ lO pe r sons /yea r / r ad  
would appear  from t h y r o i d a l  exposures  t o  -yslI i n  excess  of 2500 rem (163,  
173,174) .  
c a s e s  t h a t  might be expected i n  t h e  more h e a v i l y  exposed Rongelap popu la t ion  
a.t 25 yea r s  a f t e r  exposure.  I n  the  22 Rongelap i n d i v i d u a l s  who were < l o  y e a r s  
of age a t  t h e  t i m e  of exposure (us ing  a mean e s t ima ted  dose of 1200 r a d s ) ,  
only 3 hypothyroid cases  would be expec ted ,  whereas 7 of  these  c h i l d r e n  were 
hypothyroid wi th in  14 yea r s  of exposure.  Among 45 Rongelap i n d i v i d u a l s  who 
were >10 yea r s  of  age a t  t he  t i m e  of exposure (average  t h y r o i d a l  dose of about 
387 r a d s ) ,  two c a s e s  of hypothyroidism would be expected whereas fou r  were 
noted i n  t h i s  . These numbers a r e  cons ide rab ly  h ighe r  than expec ted  on 
t h e  b a s i s  of 19f?:isk d a t a .  

It  w a s  observed ,  

(See Table  4 ,  Appendix IV.) 

Since t h e r e  were only  t h r e e  c h i l d r e n  

Though t h y r o i d a l  hypofunct ion had been noted e a r l i e r  i n  some exposed 

Such t r ea tmen t  gen- 

The most s e v e r e  t h y r o i d a l  hypofunct ion was noted i n  6 of 22 Rongelap 

This  r i s k  f a c t o r  was used t o  e s t i m a t e  the  number of  hypothyroid 
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As has  been poin ted  o u t ,  more than  h a l f  of t h e  t h y r o i d a l  exposure i n  t h e  
Marsha l lese  w a s  due t o  the  more e n e r g e t i c  and d e s t r u c t i v e  sho r t - l i ved  i s o t o p e s  
of i od ine .  
ab ly  lower e s t i m a t e s  f o r  hypothyroidism than would be expected f o r  t he  
Yar sha l l e se  s u b j e c t s .  

observed and p r e d i c t e d  number of hypothyroid p a t i e n t s .  
t h y r o i d a l  exposure ,  p a r t i c u l a r y  t h a t  due t o  the  s h o r t - l i v e d  i so topes  of io- 
d i n e ,  is  only  approximate f o r  t h e  r easons  a l r eady  d i scussed  and could have 
been underest imated.  Second, t he  hypothyroidism from which the  r i s k  e s t i m a t e s  
were der ived  w a s  based l a r g e l y  on c l i n i c a l  ev idence  of hypothyroidism,  whereas 
the p r e s e n t  s tudy  has  employed s e n s i t i v e  biochemical  techniques no t  g e n e r a l l y  
used i n  prev ious  s t u d i e s .  A t h i r d  c o n s i d e r a t i o n  i s  t h a t  t h e  e a r l y  and s e v e r e  
thy ro id  dys func t ion  occurred i n  i n d i v i d u a l s  exposed a s  very young c h i l d r e n  
whereas t h e  r i s k  e s t i m a t e s  a r e  based almost  e x c l u s i v e l y  on d a t a  ob ta ined  i n  
a d u l t s  w i th  hyperthyroidism.  The r a d i o s e n s i t i v i t y  of the  young t h y r o i d ,  a t  
least  f o r  n e o p l a s t i c  changes,  is  g r e a t e r  than  t h a t  i n  o l d e r  p a t i e n t s  (193) .  
It is apparent  t h a t  t he  t r u e  preva lence  of  hypothyroidism is  no t  d e f i n a b l e  i n  
t h i s  popu la t ion  because of t hy ro id  surgery  in  many of t h e  p a t i e n t s  a t  h i g h e s t  
r i s k .  

evat ion i n  TSH could have contributed to  the development of the ear ly  thyroid 
n o d u l a r i t y .  
T4 i n  the  exposed Rongelap and Ai l ingnae  popu la t ion  even i n  the  absence of  
c l i n i c a l  symptoms o r  s i g n s  of t hy ro id  dys func t ion .  This  conclus ion  i s  a l s o  
supported by the  wel l - recognized r e l a t i o n s h i p  between i r r a d i a t i o n ,  e l e v a t e d  
TSH, and t h y r o i d  carcinoma found i n  animal  s t u d i e s  (142,144) though no such r e -  
l a t i o n s h i p  has  been r epor t ed  i n  man. 

The l a t e n t  pe r iod  between exposure and development of t hy ro id  nodules  ap- 
p e a r s  t o  be longer  i n  the  groups r e c e i v i n g  lower thy ro id  doses  ( s e e  F igu re  3 ) .  
I n  view of t h e  s m a l l  number of c a s e s ,  however, t h i s  p o s s i b l e  a s s o c i a t i o n  i s  
only sugges t ive .  The l a t e r  development of t hy ro id  hypofunct ion i n  those  
Rongelap people  r e c e i v i n g  lower doses  would seem t o  be a r easonab le  expecta-  
t i o n  because ,  wi th  l e s s  c e l l  damage and wi th  f a i l u r e  of c e l l u l a r  replacement 
l e s s  c r i t i c a l ,  it would t a k e  longer  f o r  accumula t ive  c e l l  d e f i c i t  ( l o s s  a t  
m i t o s i s )  t o  r e s u l t  i n  recognizable  hypofunct ion.  

The r i s k  of t hy ro id  cancer  i s  lower i n  both  Rongelap and U t i r i k  i n  the  younger 
age groups ( 4 0  y e a r s  a t  i r r a d i a t i o n )  than i n  t h e  o l d e r  popu la t ions .  
q u i t e  s u r p r i s i n g  as most evidence sugges t s  t h a t  not  only thy ro id  carcinoma bu t  
a l s o  leukemia and ca rc inogenes i s  g e n e r a l l y  are  more l i k e l y  induced i n  c h i l d r e n  
than a d u l t s  (99). D e  Lawter and Winship (1501, f o r  example, i n  a long-term 
follow-up of a d u l t s  with Graves’ d i s e a s e  who were t r e a t e d  wi th  x r a y s ,  found 
no thy ro id  cance r s ,  whereas a t  a r a t e  of 3 per  lo6 person-years  p e r  r ad ,  some 
33 cases  would have been expec ted .  The o t h e r  p e c u l i a r i t y  is  t h e  h igh  r a t e  of 
carcinoma i n  the  o l d e r  groups ( r i s k  of  5.5 thy ro id  cancers /106  person-years/  
rad  in  t h e  Rongelap group) .  F i n a l l y ,  t h e  induc t ion  of myedema wi th  a t hy ro id  
dose of 1150 rads i n  two c h i l d r e n  is s u r e l y  unexpected,  as is  the  o v e r a l l  r a t e  
of hypothyroidism of 9% i n  t h e  t o t a l  Rongelap group. S ince  a l l  of t h e  numbers 
involved a r e  small, the  a b s o l u t e  r i s k  f i g u r e s  have a h igh  probable  e r r o r .  
Nonethe less ,  it i s  p o s s i b l e  t o  e x p l a i n  these  d a t a  i f  w e  assume t h e  estimates 

Hence t h e  use of r i s k  d a t a  f o r  1311 exposure w i l l  g i v e  cons ide r -  

Seve ra l  o t h e r  e x p l a n a t i o n s  may c o n t r i b u t e  t o  the  d iscrepancy  between t h e  
The e s t i m a t e s  of 

From t h e  r e s u l t s  i n  Table  8 one must cons ide r  t h e  p o s s i b i l i t y  t h a t  an e l -  

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

The d a t a  of Table  9 are c o n t r a r y  t o  e x p e c t a t i o n s  i n  s e v e r a l  r e s p e c t s .  

This  is 

A 
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of rac i a t i o n  dose t o  t h e  thy ro id  a r e  t o o  low, a t  l e a s t  i n  some of t h e  people ,  

I t  would a l s o  account  f o r  a r e l a t i v e l y  low r i s k  f o r  t h y r o i d  can- 
by a f a c t o r  of  3 or 4 .  This  would account f o r  the  h igh  inc idence  of  hypo- 
thyroidism.  
c e r  i n  the  c h i l d r e n ,  s i n c e  such a l e v e l  of r a d i a t i o n  would be expected t o  
damage t h e  t h y r o i d  so s e v e r e l y  t h a t  c e l l  dea th  would, i n  many i n s t a n c e s ,  in- 
h i b i t  c e l l  d i v i s i o n  t h a t  might r e s u l t  i n  mal ignant  changes (195) .  S ince  the  
dose c a l c u l a t i o n s ,  de r ived  from count ing  of a s i n g l e  pooled specimen of u r i n e ,  
r e q u i r e  many assumptions,  an underes t imate  is  not  u n l i k e l y .  

Marsha l lese  is  incomplete  a t  t h i s  t ime s i n c e  new l e s f o n s  a r e  s t i l l  becoming 
c l i n i c a l l y  e v i d e n t .  
tumors may be as long a s  30 yea r s  (196). Recent obse rva t ions  sugges t ing  t h a t  
a s  many as 25 y e a r s  may pass  between exposure t o  r a d i o i o d i n e  and t h e  appear-  
ance of even minimal biochemical  t hy ro id  abnorma l i t i e s  make i t  c l e a r  t h a t  
long-term follow-up of t h e  Marsha l lese  m u s t  con t inue .  

0 

It i s  q u i t e  l i k e l y  t h a t  t h e  f i n a l  t a l l y  of t hy ro id  a b n o r m a l i t i e s  i n  t h e  

The mean l a t e n t  pe r iod  f o r  rad ia t ion- induced  thy ro id  
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X. RADIOLOGICAL MONITORING OF PERSONNEL AND ENVIRONMENT 

Rad io log ica l  moni tor ing  of pe r sonne l  and environment of t h e  i s l a n d s  
a f f e c t e d  by t h e  1954 f a l l o u t  a c c i d e n t  i s  reviewed i n  d e t a i l  i n  Appendix I1 
(Dose Assessment) and i n  t h e  20-year r e p o r t  ( 1 ) .  The f i n d i n g s  w i l l  on ly  be 
b r i e f l y  summarized he re .  

A .  Background 

The medical  t e a m  assumed r e s p o n s i b i l i t y  f o r  t h e  personnel  moni tor ing  of 
t h e  Rongelap and U t i r i k  people  i n  1954 and f o r  t h a t  of t he  B i k i n i  people  
r e t u r n i n g  t o  l i v e  on t h e i r  home i s l a n d  i n  1969. I n  1978, bo th  environmental  
and personnel  moni tor ing  r e s p o n s i b i l i t i e s  were t r a n s f e r r e d  from t h e  Medical De-  
par tment  t o  the  S a f e t y  and Environmental  P r o t e c t i o n  Div i s ion  of t h i s  Labora- 
t o r y .  Numerous r a d i o l o g i c a l  surveys  f o r  environmental  contaminat ion  have been 
c a r r i e d  ou t  on Rongelap, U t i r i k ,  B i k i n i ,  and Enewetak (210-225). These 
s t u d i e s  have provided important  in format ion  on t h e  movements of r a d i o n u c l i d e s  
through marine and t e r r e s t r i a l  l i f e  t o  man and have aided i n  t h e  e v a l u a t i o n  of 
t h e  body burdens of r a d i o n u c l i d e s  i n  t h e  i n h a b i t a n t s  of t h e s e  i s l a n d s .  

B .  Methods 

Methodology f o r  personnel  moni tor ing  h a s  been d i scussed  i n  d e t a i l  i n  pre-  
v ious  r e p o r t s  (8 ,18 ,22 ) .  Personnel  moni tor ing  has  c o n s i s t e d  of r e g u l a r  
rad iochemica l  a n a l y s e s  of u r i n e  specimens from i n h a b i t a n t s  a long  wi th  whole- 
body gamma spec t rog raph ic  ana lyses  f o r  gamma emit ters  wi th  s p e c i a l  s h i e l d i n g  
arrangements  ( f i r s t  a 21-ton s t e e l  room and l a t e r  a "shadow-shield" bed and 
c h a i r  arrangement of lead  b r i c k s ) .  

C. Resu l t s  and Comments 

1. Rongelap and U t i r i k  

The r a d i o n u c l i d e s  absorbed a t  t h e  t i m e  of t h e  f a l l o u t  from consumption 
of contaminated food and w a t e r  and i n h a l a t i o n  a r e  t a b u l a t e d  f o r  t h e  Rongelap 
people  i n  Table  2 of  Appendix 11. Only r a d i o i o d i n e s  were absorbed t o  above ac- 
c e p t a b l e  l e v e l s .  The f u l l  impact of t h e  thy ro id  i n j u r y  r e s u l t i n g  from absorp-  
t i o n  of r a d i o n u c l i d e s  of i od ine  w a s  n o t  apprec i a t ed  u n t i l  much la te r  when de- 
velopment of thyro id  nodules  and s t u n t i n g  of growth i n  some of t h e  c h i l d r e n  
occurred .  A s  d i scussed  i n  Appendix 11, t h e  dose c a l c u l a t i o n s  f o r  t h e  thy ro id  
have been s u b j e c t  t o  many u n c e r t a i n t i e s  and can only be cons idered  approxi-  
mate. The a b s o r p t i o n  of r a d i o n u c l i d e s  o t h e r  than  iod ine  h a s  no t  r e s u l t e d  i n  
any d e t e c t a b l e  i n j u r y ,  and the  doses  t o  the  t a r g e t  t i s s u e s  from these  rad io-  
n u c l i d e s  a r e  thought  t o  have been q u i t e  low though no p r e c i s e  doses  have been 
c a l c u l a t e d .  

By s i x  months, rad iochemica l  u r i n e  a n a l y s e s  r evea led  b a r e l y  d e t e c t a b l e  
l e v e l s  of r a d i o n u c l i d e s  i n  t h e  Rongelap people .  When they  r e t u r n e d  t o  t h e i r  
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i s l a n d  i n  1957 they accumulated low l e v e l s  of r a d i o n u c l i d e s  ( p r i n c i p a l l y  
6 5 ~ n ,  137Cs ,  g b S r ,  and 55Fe) from marine and p l a n t  foods -- p r i m a r i l y  
pandanus, coconuts ,  b r e a d f r u i t ,  coconut c r a b s ,  and f i s h .  (The c r a b s  a r e  a 
food d e l i c a c y ,  which, because of unexpectedly h igh  l e v e l s  of absorbed 
radiocesium and s t ron t ium,  had t o  be banned from t h e  d i e t  u n t i l  r e c e n t l y  when 
the  l e v e l s  became a c c e p t a b l e . )  The people  were a l s o  exposed t o  low l e v e l s  o f  
r e s i d u a l  gamma r a d i a t i o n  over  and above the  n a t u r a l  background r a d i a t i o n .  Fig- 
u r e s  1 and 2 of A end ix  11 show the  changes i n  e s t ima ted  body burdens of 
137Cs,  65Zn, and ggSr i n  t h e  Rongelap people .  
of about 12 nCi i n  a d u l t s  and 22 nCi i n  c h i l d r e n  between 1962 and 1965 and 
t h e r e a f t e r  showed a downward t r end .  
peak i n  about 1965 of rou h l y  0.7 V C i  (23% of t h e  pe rmis s ib l e  l e v e l  f o r  gen- 
e r a l  p o p u l a t i o n s ) .  The 65Zn l e v e l  reached a peak of 0.5 pCi du r ing  the  f i r s t  
yea r  o r  so a f t e r  t h e  r e t u r n ,  g e n e r a l l y  below t h e  137Cs l e v e l ,  and became non- 
d e t e c t a b l e  t h e r e a f t e r .  From the  d a t a  i n  Table  4 ,  Appendix 11, t h e  total-body 
dose f o r  i n h a b i t a n t s  l i v i n g  fu l l - t ime  on Rongelap from 1957 t o  1979 was 
e s t ima ted  t o  be n e a r l y  4 r ads .  It should be noted t h a t  t h e  a c t u a l  dose was 
probably lower because the  people  spen t  about  h a l f  t h e i r  t ime away v i s i t i n g  
o t h e r  a t o l l s .  

S ince  1957, t h e  people  who had r e tu rned  t o  l i v e  on U t i r i k  I s l a n d  have 
been inc luded  i n  t h e  personnel  moni tor ing  program. The e s t i m a t e s  of i n i t i a l  
exposure f o r  t h e  U t i r i k  people ,  p a r t i c u l a r l y  f o r  t h e  thy ro id  g l and ,  were sub- 
j e c t  t o  g r e a t e r  u n c e r t a i n t i e s  than  those f o r  t he  Rongelap people .  Not t h e  
l e a s t  of t h e s e  u n c e r t a i n t i e s  was t h e  degree  of exposure t o  s h o r t - l i v e d  i s o -  
topes  of i od ine  i n  t h e  U t i r i k  popu la t ion .  Ava i l ab le  d a t a ,  however, i n d i c a t e  
t h a t  exposure of t h e  U t i r i k  people  was cons ide rab ly  below t h a t  of t he  Rongelap 
peop le ,  perhaps 1/10 as much. (Radioanalyses  of animal ,  p l a n t ,  and o t h e r  sam- 
p l e s  from U t i r i k  s h o r t l y  a f t e r  t h e  a c c i d e n t  showed l e v e l s  about  1 /10  of t hose  
f o r  samples from Rongelap.) Following t h e i r  r e t u r n ,  t h e  l e v e l s  of accumulated 
long-l ived r a d i o n u c l i d e s  i n  the  U t i r i k  peop le ,  measured a t  t h e  same time a s  i n  
t h e  Rongelap people ,  were only about  1 / 3  a s  h igh .  However, s i n c e  these  people  
r e t u r n e d  t o  l i v e  on U t i r i k  i n  J u l y  1954 ( t h r e e  y e a r s  b e f o r e  t h e  r e t u r n  of t h e  
Rongelap people  i n  19571, du r ing  t h e  f i r s t  few y e a r s  they were exposed t o  
somewhat h i g h e r  l e v e l s  of r a d i o n u c l i d e s ,  p a r t i c u l a r l y  65Zn, than  were t h e  
Rongelap people  on t h e i r  r e t u r n .  T h i s  accounts  f o r  the h ighe r  body burdens 
e s t ima ted  i n  Appendix I1 f o r  t he  U t i r i k  i n h a b i t a n t s  d u r i n g  t h e  f i r s t  few y e a r s  
a f t e r  t h e i r  r e t u r n .  The total-body dose f o r  i n h a b i t a n t s  l i v i n g  on U t i r i k  
fu l l - t ime  from 1954 t o  1979 was e s t ima ted  t o  be about  1 7  r a d s ,  due most ly  t o  
the  e a r l y  c o n t r i b u t i o n  of 65Zn. 
because t h e  people  were away about h a l f  t h e  t i m e  v i s i t i n g  o t h e r  a t o l l s .  

Reexamination of dos imet ry  ana lyses  f o r  t h e  Rongelap and U t i r i k  people ,  
f o r  bo th  i n i t i a l  and r e s i d u a l  exposures ,  i s  b e i n g ' c a r r i e d  ou t  a t  t h i s  Labora- 
t o r y .  Personnel  and environmental  moni tor ing  a r e  be ing  cont inued  on a r e g u l a r  
b a s i s  

90Sr reached i t s  h i g h e s t  l e v e l s  

137Cs body burdens i n  a d u l t s  reached a 

Again, t h e  a c t u a l  exposure was probably lower 

2. B i k i n i  

I n  1946, b e f o r e  Opera t ion  Crossroads ,  t h e  r e s i d e n t s  of B i k i n i  were 
evacuated.  
they were r e l o c a t e d  on K i l i  I s l a n d  i n  t h e  sou the rn  Marsha l l s ,  which a l s o  

A f t e r  s t a y s  a t  Rongelap and Kwajalein which proved u n s a t i s f a c t o r y ,  
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proved u n s a t i s f a c t o r y .  
the  south a f t e r  t h e i r  evacuat ion .  

Af t e r  t he  1958 moratorium on atmospheric  nuc lea r  t e s t i n g ,  numerous 
r a d i o l o g i c a l  surveys were done on B i k i n i  and l a t e r  on Enewetak A t o l l .  I n  
1967, t he  p r i n c i p a l  r ad ionuc l ides  c o n t r i b u t i n g  t o  the  amma r a d i a t i o n  f i e l d  on 
B i k i n i  and i t s  ne ighbor ing  i s l a n d  of Enue were 137Cs ,  %OCo, 125Sb, and 155Eu; 
s l i g h t  amounts of  plutonium were a l s o  found. Considerable  v a r i a t i o n  was seen  
i n  the  degree of contaminat ion o f  i n d i v i d u a l  i s l a n d s  comprising the  a t o l l s  of 
B i k i n i  and Enewetak. 

I n  1968, an Ad hoc Committee reviewed the  survey r e s u l t s  f o r  B i k i n i  and 
decided t h a t  Enue and B i k i n i  I s l a n d s  were s a f e  f o r  h a b i t a t i o n ,  wi th  c e r t a i n  
measures recommended t o  reduce exposure.  I n  1969, about 30 people  s t a r t e d  
work on B ik in i  A t o l l  ( l i v i n g  on Enue), and i n  1971 s e v e r a l  B ik in i  f a m i l i e s  
moved back t o  B i k i n i  I s l a n d .  The number of people  increased  t o  about 145 by 
1978 be fo re  t h e i r  r e l o c a t i o n .  Annual r a d i o l o g i c a l  monitor ing of personnel  was 
c a r r i e d  out  beginning i n  1969 a s  w e l l  a s  numerous r a d i o l o g i c a l  surveys of t he  
i s l a n d  (13,218-221,225). Personnel  moni tor ing  c o n s i s t e d  of annual  radiochem- 
i c a l  u r i n e  b ioassays  and whole-body gamma spec t rog raph ic  ana lyses  i n  1974 and 
1977 by t h e  medical  group. Since t h a t  time whole-body count ing and o t h e r  per-  
sonnel  moni tor ing  a s  w e l l  a s  environmental  s t u d i e s  have been c a r r i e d  out  by 
t h e  BNL Sa fe ty  and Environmental  P r o t e c t i o n  Div i s ion .  

n a t i o n  were so low t h a t  medical  examinat ions were n o t  i n d i c a t e d .  However, on 
v i s i t s  t o  the  i s l a n d ,  t he  doc to r s  have he ld  " s i c k  c a l l , "  and i n  1978 the  peo- 
p l e  were g iven  complete p h y s i c a l s  by t h e  v i s i t i n g  medical  team. S ince  t h e  re- 
l o c a t i o n  of t he  people  i n  1979, medical  examinat ions have been done on t h e s e  
B i k i n i  people  l i v i n g  on Majuro A t o l l .  No thy ro id  o r  o t h e r  r a d i a t i o n - r e l a t e d  
problems were noted.  Personnel  moni tor ing  has  a l s o  cont inued  on t h i s  
popu la t ion .  

food subs idy  from t h e  Trus t  T e r r i t o r y  Government. Before l o c a l l y  grown f r u i t s  
(coconuts ,  pandanus, b r e a d f r u i t ,  e t c .  1 became a v a i l a b l e ,  r ad ioassays  showed 
body burdens w e l l  w i t h i n  a c c e p t a b l e  ranges .  
a b l e ,  r ad ioassays  showed r a d i o n u c l i d e  l e v e l s  ( p a r t i c u l a r l y  137Cs and 90Sr)  
t h a t  were h ighe r  than  expec ted ,  and t h e  people  were admonished n o t  t o  ea t  t h e  
l o c a l l y  grown foods.  I n  s p i t e  of t h i s  warning, radiochemical  u r i n e  ana lyses  
and whole-body count ing  of  personnel  showed a con t inu ing  i n c r e a s e  i n  body 
burdens of t hese  r a d i o n u c l i d e s  t o  l e v e l s  t h a t  were cons idered  unacceptab le .  
Also,  low l e v e l s  of plutonium were thought  t o  be d e t e c t e d ,  bu t  t h i s  f i n d i n g  
has no t  been v e r i f i e d ,  and contaminat ion  of t he  samples is thought t o  have 
been a f a c t o r .  Because of t h e s e  unexpected and unfavorable  developments,  the  
people  were aga in  removed from B i k i n i  i n  August 1978. 

The r e s u l t s  of  personnel  moni tor ing  of  t he  B i k i n i  i n h a b i t a n t s  a r e  pre- 
sen ted  i n  Appendix 11. From the  r e s idence  per iod  between 1969 and 1978, expo- 
s u r e  d a t a  i n d i c a t e  t h a t  a maximally exposed person on B i k i n i  r ece ived  a dose 
equ iva len t  commitment of  3 r e m ,  and the  popu la t ion  average dose equ iva len t  com- 
mitment w a s  1.2 rem (223) .  

Marsha l l s  and a r e  being monitored a t  i n t e r v a l s .  The resu l t s  show a cont inuing  
reduct  ion i n  t h e i r  body burdens.  

The Enewetak people  were r e l o c a t e d  a t  Ujelang A t o l l  t o  

The e s t ima ted  doses  t o  the  B i k i n i  people  from the  environmental  contami- 

When the  people  r e tu rned  t o  B i k i n i ,  they r ece ived  a con t inu ing  complete 

When t h e s e  f r u i t s  became a v a i l -  

The B i k i n i  i n h a b i t a n t s  a r e  now l i v i n g  on a t o l l s  i n  the  southern  
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XI. SUMMARY AND COMMENTS 

U n t i l  1954, t h e  Japanese a t  Hiroshima and Nagasaki were the  on ly  human 
popu la t ions  exposed t o  s i g n i f i c a n t  r a d i a t i o n  from n u c l e a r  d e t o n a t i o n s .  A s  a 
r e s u l t  of t h e  Bravo a c c i d e n t  i n  1954, fo l lowing  the  d e t o n a t i o n  o f  a megaton 
n u c l e a r  d e v i c e  i n  t h e  P a c i f i c ,  250 Marsha l l e se ,  28 American servicemen, and 23 
Japanese fishermen were exposed t o  a r e l a t i v e l y  unknown haza rd ,  r a d i o a c t i v e  
f a l l o u t .  The med ica l  o b s e r v a t i o n s  of t h e  exposed Marsha l l e se  ove r  t h e  p a s t  27 
y e a r s  have r e s u l t e d  i n  s i g n i f i c a n t  f i n d i n g s  r e p o r t e d  i n  numerous p u b l i c a t i o n s .  
Heal th  c a r e  and t r e a t m e n t  o f  t h e  exposed people  du r ing  t h e  cour se  o f  t h e  su r -  
veys and examinat ions a l s o  r e p r e s e n t  an important  c o n t r i b u t i o n .  The medical  
f i n d i n g s  p rov ide  t h e  on ly  knowledge about t h e  e f f e c t s  o f  r a d i o a c t i v e  f a l l o u t  
on human be ings  from d e t o n a t i o n  o f  n u c l e a r  dev ices .  

important  r e s p e c t s  from t h e  exposure o f  t he  Japanese a t  Hiroshima and 
Nagasaki.  In Japan ,  t h e r e  were many c a s u a l t i e s  from b l a s t  and h e a t  e f f e c t s ,  
and psycho log ica l  trauma w a s  extreme. The Marsha l l e se ,  be ing  f a r  removed from 
t h e  s i t e  o f  d e t o n a t i o n ,  had no e f f e c t s  from b l a s t  o r  b u r n s ,  and t h e  psychologi- 
c a l  e f f e c t s  of t h e i r  expe r i ence  appeared t o  be minimal. Rad ia t ion  e f f e c t s  i n  
t h e  Japanese were due t o  whole-body exposure t o  gamma and neu t ron  r a d i a t i o n  
from t h e  d e t o n a t i n g  bomb wi th  i n s i g n i f i c a n t  f a l l o u t .  T h e i r  exposure r e s u l t e d  
i n  a c u t e  e f f e c t s  w i th  h igh  e a r l y  m o r t a l i t y ,  and i n  l a te  e f f e c t s  i nvo lv ing  
p r i n c i p a l l y  t h e  development of ma l ignanc ie s ,  w i th  leukemia appearing f i r s t  and 
s o l i d  tumors l a t e r .  Rad ia t ion  e f f e c t s  i n  t h e  Marsha l l e se  were r e l a t e d  on ly  t o  
f a l l o u t  exposure: whole-body g a m a  i r r a d i a t i o n  (no neu t ron  exposure ) ;  s k i n  ir- 
r a d i a t i o n  from d e p o s i t i o n  o f  f a l l o u t  on t h e  body; and i n t e r n a l  exposure due t o  
a b s o r p t i o n  of r a d i o n u c l i d e s  ( p r i n c i p a l l y  r a d i o i o d i n e s )  from i n g e s t i o n  o f  
r a d i o a c t i v e l y  contaminated food and water and i n h a l a t i o n  o f  f a l l o u t  p a r t i c l e s .  

A s  emphasized i n  t h i s  r e p o r t ,  many u n c e r t a i n t i e s  were involved i n  c a l -  
c u l a t i n g  t h e  e a r l y  r a d i a t i o n  dose r ece ived  by t h e  Marsha l l e se  p r i o r  t o  t h e i r  
evacua t ion .  Th i s  was p a r t i c u l a r l y  t r u e  f o r  t h e  i n t e r n a l  dose c a l c u l a t i o n s  
( t h y r o i d  dos ime t ry ) .  Estimates of e a r l y  exposures  f o r  whole-body g a m a  r a d i -  
a t i o n  were 175 r a d s  on Rongelap, 69 r a d s  on Ai l ingnae ,  and 14 r a d s  on U t i r i k .  
C l i n i c a l  f i n d i n g s  ( p r i n c i p a l l y  hematologic)  g e n e r a l l y  supported t h e s e  e s t i -  
m a t e s .  For Rongelap, t h y r o i d  dose estimates v a r i e d  from 335 r a d s  i n  a d u l t s  
t o  700-1400 t o  perhaps >ZOO0 r a d s  i n  young c h i l d r e n .  For Ai l ingnae  and 
U t i r i k  A t o l l s ,  t h y r o i d  dose estimates were roughly p a r a l l e l  t o  gamma dose 
es t i m a  te s . 

People l i v i n g  on Rongelap, U t i r i k ,  and B i k i n i  s i n c e  t h e  1954 a c c i d e n t  
have been exposed t o  low doses  of r a d i a t i o n ,  d e l i v e r e d  a t  a slow dose r a t e ,  
from r e s i d u a l  contaminat ion ( s e e  Appendix 11). 
low exposure have been n o t e d ,  and it i s  u n l i k e l y  t h a t  any w i l l  be .  P e r i o d i c  
personnel  and environmental  r a d i o l o g i c a l  monitor ing i s  c a r r i e d  ou t  on t h e s e  
a t o l l s  and on i n h a b i t a n t s  who have moved t o  o t h e r  a t o l l s .  

s u l t e d  i n  unde res t ima t ion ,  and a l l  t h e  dosimetry c a l c u l a t i o n s  are  be ing  
r e e v a l u a t e d  a t  t h i s  Laboratory on the  b a s i s  o f  more r e c e n t  d a t a  t h a t  have be- 
come a v a i l a b l e .  

summarized as  fo l lows .  

u 

The exposure of t h e  Marshal lese  t o  f a l l o u t  r a d i a t i o n  d i f f e r s  i n  s e v e r a l  

No d e t e c t a b l e  e f f e c t s  of t h i s  

It now appea r s  t h a t  t h e  e a r l y  t h y r o i d  dose c a l c u l a t i o n s  may have re- 

The f i n d i n g s  i n  t h e  exposed Marsha l l e se  p o p u l a t i o n s  are b r i e f l y  
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A. Ear ly  Observa t ions  

Whole-body gamma exposure i n  t h e  Rongelap and t o  a l e s s e r  e x t e n t  i n  t h e  
Ai l ingnae  people  r e s u l t e d  i n  t r a n s i e n t  anorex ia ,  nausea,  and vomit ing.  Depres- 
s i o n  of blood leukocytes  and p l a t e l e t s  t o  about h a l f  normal l e v e l s  by 4 t o  6 
weeks w a s  no t  accompanied by any d e t e c t a b l e  i n c r e a s e  i n  i n f e c t i o n s  o r  b l eed ing  
tendency,  and t h e r e  w a s  no a s s o c i a t e d  m o r t a l i t y .  The exposed U t i r i k  popula- 
t i o n  had no e a r l y  g a s t r o i n t e s t i n a l  symptoms, and only a s l i g h t  d e p r e s s i o n  of 
blood p l a t e l e t s  w a s  d e t e c t a b l e  on a s t a t i s t i c a l  b a s i s .  
ments t o  near  normal l e v e l s  w a s  ev iden t  by one y e a r ,  though a s l i g h t  con t in -  
u ing  l a g  i n  complete recovery  w a s  noted i n  t h e  Rongelap people  d u r i n g  t h e  
f i r s t  decade. 

t i o n  ("beta")  burns  and s p o t t y  e p i l a t i o n  of t h e  head i n  about 90% of  t h e  
Rongelap people .  Skin  f i n d i n g s  w e r e  less p r e v a l e n t  i n  the  Ai l ingnae  people  
and absen t  i n  t h e  U t i r i k  group. 

Of the  spectrum of r a d i o n u c l i d e s  absorbed i n t e r n a l l y ,  on ly  t h e  i s o t o p e s  
of i od ine  exceeded the  maximum pe rmis s ib l e  c o n c e n t r a t i o n  and r e s u l t e d  i n  de- 
t e c t a b l e  e f f e c t s  l a t e r .  No e a r l y  symptoms due t o  t h e  i n t e r n a l l y  absorbed nu- 
c l i d e s  w e r e  noted.  Radiochemical u r i n e  ana lyses  a t  6 months showed t h e  pres -  
ence of b a r e l y  d e t e c t a b l e  r a d i o a c t i v i t y .  

Recovery of blood ele- 

F a l l o u t  d e p o s i t i o n  on t h e  s k i n  r e s u l t e d  i n  t r a n s i e n t  s u p e r f i c i a l  r a d i a -  

B. Late  Observa t ions  

The g e n e r a l  h e a l t h  of t h e  exposed Marsha l lese  people  (except  f o r  abnor- 
m a l i t i e s  a s s o c i a t e d  wi th  thy ro id  i n j u r y )  has  remained good and about  t h e  same 
a s  t h a t  observed i n  t h e  unexposed popu la t ions  examined. V i t a l  s t a t i s t i c s  sug- 
g e s t  t h a t  m o r t a l i t y  and f e r t i l i t y  rates have been about t h e  same i n  t h e  ex- 
posed as i n  t h e  unexposed people .  During t h e  f i r s t  fou r  y e a r s  t h e r e  appeared 
t o  be an  i n c r e a s e  i n  inc idence  of m i s c a r r i a g e s  and s t i l l b i r t h s  i n  t h e  exposed 
Rongelap women, bu t  t h i s  o b s e r v a t i o n  w a s  u n c e r t a i n  i n  view of t h e  smal l  num- 
b e r s  involved.  Genet ic  s t u d i e s  and examinat ions of t h e  newborn d i d  n o t  r e v e a l  
any d e t e c t a b l e  a b n o r m a l i t i e s  i n  t h e  c h i l d r e n  of exposed p a r e n t s  t h a t  might 
have been r e l a t e d  t o  r a d i a t i o n  exposure.  Probably r e l a t e d  t o  r a d i a t i o n  expo- 
s u r e  was t h e  f i n d i n g  of a s l i g h t  i n c r e a s e  i n  chromosomal a b e r r a t i o n s  i n  t h e  
lymphocytes of some Rongelap people  a t  10 y e a r s  a f t e r  exposure.  
i n  degene ra t ive  d i s e a s e s  ( c a r d i o v a s c u l a r ,  a r t h r i t i s ,  neuromuscular)  o r  d i a -  
b e t e s  has  been d e t e c t e d  i n  t h e  exposed people .  Ophthalmological examinat ions 
( i n c l u d i n g  s l i t - l a m p  s t u d i e s )  have n o t  shown any remarkable d i f f e r e n c e s  i n  eye 
a b n o r m a l i t i e s  between exposed and unexposed groups.  
have been noted.  

myelogenous leukemia,  and ano the r  Rongelap male d i ed  from carcinoma of t h e  
stomach. 
o t h e r  mal ignancies  (except  f o r  t hy ro id  carcinoma) have been noted which were 
l i k e l y  t o  be r e l a t e d  t o  r a d i a t i o n  exposure.  
d e t e c t e d .  

has  been t h e  development of t h y r o i d  a b n o r m a l i t i e s  - benign and malignant  neo- 
plasms and hypofunct ion of t h e  g land .  

No i n c r e a s e  

No r ad iogen ic  c a t a r a c t s  

I n  1972 a Rongelap male,  exposed a t  one yea r  of age ,  d i ed  of a c u t e  

These d i s e a s e s  may have been r e l a t e d  t o  r a d i a t i o n  exposure.  No 

No s k i n  mal ignancies  have been 

The most widespread l a t e  e f f e c t  of f a l l o u t  exposure i n  t h e  Marsha l lese  

These,  as w e l l  a s  growth r e t a r d a t i o n  
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a s s o c i a t e d  wi th  t h y r o i d  i n j u r y  i n  some of t h e  c h i l d r e n ,  have been d i scussed  i n  
d e t a i l  i n  t h i s  r e p o r t .  The g r e a t e s t  i nc idence  of t h e s e  a b n o r m a l i t i e s  h a s  been 
i n  t h e  higher-dose Rongelap group,  p a r t i c u l a r l y  i n  c h i l d r e n  exposed a t  <10 
y e a r s  of age ,  w i th  less inc idence  i n  t h e  Ai l ingnae  group and l e a s t  i nc idence  
i n  t h e  lower-dose U t i r i k  group. The r e c e n t  development of t h y r o i d  nodules  i n  
two Rongelap males exposed -- i n  u t e r o  i n d i c a t e s  t h a t  r a d i o i o d i n e s  may be passed 
from mother t o  f e t u s .  

nodules ,  have had thy ro id  s u r g e r y  i n  U.S. h o s p i t a l s .  A wide spectrum of le- 
s i o n s  h a s  been found. 

Thyroid hypofunc t ion ,  n o t  r e l a t e d  t o  thyroidectomy,  w a s  f i r s t  noted i n  
two Rongelap boys who developed f r ank  hypothyroidism wi th  growth r e t a r d a t i o n .  
Biochemical ( s u b c l i n i c a l )  hypothyroidism has  been noted i n  some p r i o r  t o  thy- 
r o i d  s u r g e r y  f o r  nodule  removal. More r e c e n t l y ,  about  6 a d u l t s  ( 5  Rongelap, 
1 A i l i n g n a e ) ,  who r ece ived  lower doses  than  t h e  c h i l d r e n  and showed no d e t e c t -  
a b l e  t h y r o i d  n o d u l a r i t y ,  have developed b iochemica l  hypothyroidism.  No hypo- 
f u n c t i o n  of t h e  thy ro id  has  been d e t e c t e d  i n  t h e  exposed U t i r i k  popu la t ion .  

Almost a l l  p a t i e n t s ,  i n c l u d i n g  those  i n  t h e  unexposed group wi th  t h y r o i d  

C.  Comments 

From t h e  Marsha l l e se  expe r i ence  i t  i s  c l e a r  t h a t  i n  any f u t u r e  a c c i d e n t  
i nvo lv ing  r a d i o i o d i n e s  t h e  use  of o r a l  s t a b l e  i o d i n e  t o  suppres s  r a d i o i o d i n e  
uptake  by t h e  t h y r o i d ,  p a r t i c u l a r l y  i n  c h i l d r e n  and pregnant  women, should be 
cons ide red  (249) .  To a s c e r t a i n  t h e  degree  of  r a d i o i o d i n e  a b s o r p t i o n ,  i t  would 
b e  h e l p f u l  t o  have d i r e c t  ins t rument  r ead ings  ove r  t h e  t h y r o i d ,  w i th  l e g  o r  
arm read ings  as a c o n t r o l ;  a l s o ,  u r i n e  l e v e l s  of  r a d i o i o d i n e  would be h e l p f u l .  

With regard  t o  l a t e  e f f e c t s  i n  persons r e c e i v i n g  s i g n i f i c a n t  r a d i a t i o n  
doses  t o  t h e  whole body o r  t h y r o i d ,  r e g u l a r  follow-up examinat ions  should be 
done ove r  t h e  ensuing  y e a r s  w i th  p a r t i c u l a r  a t t e n t i o n  t o  hemato logica l  s t a t u s ,  
development of c a n c e r ,  and t h y r o i d  a b n o r m a l i t i e s .  Even though t h e  prophylac-  
t i c  v a l u e  of  t hy ro id  hormone t r ea tmen t  i n  p reven t ing  development of t h y r o i d  
a b n o r m a l i t i e s  h a s  n o t  been proved i n  t h e  Marsha l lese  o r  o t h e r  humans, such 
t r e a t m e n t  i s  sound and should be cons ide red .  During follow-up thy ro id  exam- 
i n a t i o n s ,  d e t e r m i n a t i o n  of s e r u m  TSH l e v e l s  would be d e s i r a b l e ,  s i n c e  t h e  
Marsha l l e se  expe r i ence  has  shown t h i s  t e s t  t o  be a most s e n s i t i v e  i n d i c a t i o n  
of reduced thy ro id  func t ion .  I n  a d d i t i o n ,  t h y r o i d  uptake  s t u d i e s  of r ad io -  
i o d i n e  and scans  of t h e  gland should be cons ide red .  Any d i s t i n c t  t hy ro id  
nodules  should be s u r g i c a l l y  removed. I f  t hy rox in  t r ea tmen t  i s  n o t  a l r e a d y  a 
p a r t  of t h e  t r ea tmen t  regimen, i t  should be i n s t i t u t e d  i n  s u r g i c a l  c a s e s  as 
w e l l  a s  any c a s e s  showing d e f i c i e n c y  of t h y r o i d  f u n c t i o n .  P a t i e n t s  who have 
had mal ignant  l e s i o n s  removed should of cour se  have r e g u l a r  follow-up 
examinat ions .  

Although t h e  l a te r  development of t h y r o i d  malignancy i s  a s e r i o u s  prob- 
l e m ,  t h e  consequences are n o t  as l i k e l y  t o  be f a t a l  a s  t hose  of  o t h e r  t ypes  o f  
ma l ignanc ie s .  With t h e  medical  and s u r g i c a l  t r ea tmen t  of t h y r o i d  d i s e a s e  now 
a v a i l a b l e ,  dea th  a s s o c i a t e d  wi th  mal ignant  tumors of t h e  t h y r o i d  i s  u n l i k e l y  
e x c e p t  i n  t h e  c a s e  of t h e  most mal ignant  t y p e s ,  which appear  t o  be r a r e  i n  
i r r a d i a t e d  groups.  

A s  has  been po in ted  o u t ,  t h e  u n c e r t a i n t y  of dose estimates i n  t h e  
Marsha l l e se  h a s  hampered e v a l u a t i o n  of  dose-response r e l a t i o n s h i p s ,  
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p a r t i c u l a r l y  with regard  t o  t h e  thy ro id .  More informat ion  would be d e s i r a b l e  
conce tn ing  c e r t a i n  a s p e c t s  of t hy ro id  exposure.  
c o n t r i b u t i o n  of s h o r t - l i v e d  iod ine  r a d i o i s o t o p e s ,  i nc lud ing  r e l a t i v e  abundance 
and d i s t r i b u t i o n  a s  a f u n c t i o n  of t ime,  dose f r a c t i o n a t i o n ,  e t c .  Also,  t h e  
dose-response r e l a t i o n s h i p  of t hese  i s o t o p e s  i n  t h e  thy ro id  compared wi th  I3lI  
and gamma r a d i a t i o n  needs f u r t h e r  i n v e s t i g a t i o n ;  such s t u d i e s  should be done 
i n  l a r g e  animals ,  perhaps sheep o r  swine,  having thy ro id  g l ands  comparable i n  
s i z e  t o  human g lands .  

r o i d  exposure of t h e  Marsha l l e se ,  f u r t h e r  in format ion  i s  needed on such ele- 
ments t h a t  might be p r e s e n t  i n  f a l l o u t .  C e r t a i n  e lements  a r e  known t o  show 
r e l a t i v e l y  g r e a t e r  a f f i n i t y  f o r  d e p o s i t i o n  i n  t h e  thy ro id  than  i n  o t h e r  o r -  
gans .  Radium and thorium (226,227) ,  barium (2261, americium (228,2291, p lu to -  
nium (228-2301, and ca lc ium (226,231,232) have been found i n  animal  t h y r o i d  
g l ands .  Robison e t  a l .  (231) have shown t h a t  calcium i s  concen t r a t ed  i n  t h e  
l i n i n g  of t hy ro id  f o l l i c l e s  w i th  smal l  l o c a l i z e d  a r e a s  of c a l c i f i c a t i o n  i n  
human thy ro id  g l ands .  Haebe r l i  e t  a l .  (232)  have r epor t ed  r a p i d  i n c o r p o r a t i o n  
of 45Ca i n  t h e  r a t  t h y r o i d .  
environment ,  perhaps c o n s i d e r a t i o n  should be g iven  t o  the  p o s s i b i l i t y  of a neu- 
tron-induced calcium i s o t o p e  t h a t  might have been involved i n  t h e  thy ro id  expo- 
s u r e  of t h e  Marsha l lese .  Autoradiographic  and o t h e r  s t u d i e s  of animal  thy- 
r o i d s  removed a t  s u r g e r y  o r  au topsy  might be  h e l p f u l  i n  t h i s  r e g a r d .  I t  
should be noted t h a t  t h e  e lements  r e f e r r e d  t o  above a r e  absorbed by t h e  thy- 
r o i d  t o  a much sma l l e r  degree  than  i o d i n e ,  and i t  seems u n l i k e l y  t h a t  they 
would c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  thy ro id  dose.  

t i o n  on the  thy ro id .  One source  of in format ion  comprises  thy ro id  s t u d i e s  on 
people  g iven  d i a g n o s t i c  doses  of I3 l I  i n  the  e a r l y  days ,  when doses  were 
h i g h e r  than  now used. It i s  hoped t h a t  f u r t h e r  in format ion  from such s t u d i e s  
w i l l  be for thcoming s o  t h a t  a b e t t e r  e v a l u a t i o n  can be made of low-dose ef-  
f e c t s  and of t h e  r e l a t i v e  importance of l3lI exposure on the  thy ro id .  

exposed -- i n  u t e r o  emphasizes t h e  probable  importance of r a d i o i o d i n e  a b s o r p t i o n  
by t h e  f e t u s  from t h e  mother.  More p r e c i s e  informat ion  r ega rd ing  f e t a l  i o d i n e  
uptake  a t  v a r i o u s  s t a g e s  of g e s t a t i o n  i s  needed. 
w i th  low r a d i o a c t i v i t y  and a h igh  c r o s s  s e c t i o n  f o r  neu t ron  a c t i v a t i o n ,  might 
be  admin i s t e red  t o  r egnan t  women i n  c a s e s  where a b o r t i o n  i s  i n d i c a t e d .  Neu- 
t r o n  a c t i v a t i o n  of p291 i n  t h e  thy ro id  gland removed from t h e  f e t u s  would pro- 
v i d e  p r e c i s e  informat ion  on uptake of i od ine  by the  gland a t  t h e  g iven  s t a g e  
of g e s t a t i o n .  

t h e r  in format ion  on t h y r o i d  weights  and thy ro id  f u n c t i o n  i n  c h i l d r e n  of v a r i -  
ous ages would be h e l p f u l .  

I n  conc lus ion ,  i n  view of  t h e  p o s s i b l e  f u r t h e r  development of t h y r o i d  
a b n o r m a l i t i e s  and o t h e r  l a t e  e f f e c t s  of r a d i a t i o n  i n  the  exposed Marsha l lese  
people ,  i t  i s  necessa ry  t h a t  r e g u l a r  examinat ions and p r o v i s i o n  f o r  adequate  
h e a l t h  c a r e  be cont inued throughout  t h e i r  l i f e t i m e .  

More d a t a  a r e  needed on t h e  

S ince  rad ioe lements  o t h e r  than  iod ine  may have been involved i n  t h e  thy- 

I n  view of t h e  abundance of ca lc ium i n  t h e  a t o l l  

Very l i t t l e  is  known about  t h e  e f f e c t s  of low doses  of r a d i o i o d i n e  r a d i a -  

The development of t hy ro id  nodules  i n  two of t h r e e  Rongelap c h i l d r e n  

1291, a long-l ived i so tope  

I n  view of t h e  g r e a t e r  r e l a t i v e  s e n s i t i v i t y  of t h e  c h i l d ' s  t h y r o i d ,  fu r -  
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Appendix I 

INCIDENCE OF THYROID DISEASE I N  THE COMPARISON POPULATIONS 

I n  S e c t i o n  1X.A t h e  importance of o b t a i n i n g  an  "unexposed" comparison 
popu la t ion  f o r  e v a l u a t i o n  of t h y r o i d  f i n d i n g s  i n  t h e  exposed Rongelap and 
U t i r i k  people  w a s  d i scussed .  The purpose of t h i s  appendix i s  t o  examine t h e  
u s e f u l n e s s  of t h e  comparison popu la t ions  used i n  t h e s e  s t u d i e s  wi th  r e g a r d  t o  
p o s s i b l e  thy ro id  e f f e c t s  from r e s i d u a l  r a d i a t i o n  exposure du r ing  t h e i r  h a b i t a -  
t i o n  on Rongelap and U t i r i k  A t o l l s .  
induced thy ro id  n o d u l a r i t i e s  and cancer  i n  t h i s  popu la t ion  w i l l  be c a l c u l a t e d  
by us ing  a v a i l a b l e  r i s k  d a t a  on thy ro id  f i n d i n g s  i n  t h e  exposed Rongelap peo- 
p l e  and i n  persons  r e c e i v i n g  thy ro id  i r r a d i a t i o n  from x-ray t r ea tmen t .  
observed thy ro id  f i n d i n g s  i n  t h e  comparison popu la t ion  w i l l  be compared wi th  
f i n d i n g s  from U.S. s t a t i s t i c s .  

The expected occurrence  of r a d i a t i o n -  

The 

A. Thyroid F ind ings  i n  Comparison Popu la t ions  

Table  1 l i s t s  t h e  p e r c e n t s  of p o s i t i v e  thy ro id  f ind ings  i n  exposed and 
comparison popu la t ions ,  and T a b l e  2 the i n d i v i d u a l  ca ses  w i t h i n  the  comparison 
popu la t ions  with l eng th  of s t a y  on t h e  home i s l a n d .  These l a t t e r  d a t a  a r e  in-  
complete and u n c e r t a i n  i n  many c a s e s ,  bu t  tend  t o  show t h a t  an  average  es t i -  
mated s t a y  of one-half  time (10 t o  1 2  y r s )  on t h e i r  i s l a n d  i s  n o t  unreason- 
a b l e .  
s i n c e  1954. 

Some people  wi th  thy ro id  nodules  have never  l i v e d  on t h e i r  home i s l a n d  

B. Expected Cases of Thyroid Nodules i n  Comparison Popu la t ions  Based on 
Es t imated  R a d i a t i o n  Exposure Levels  

I n  Appendix 11 d a t a  a r e  p re sen ted  i n d i c a t i n g  t h a t  i f  people  l i v e d  con- 
t i n u o u s l y  t o  1979 on Rongelap s i n c e  t h e i r  r e t u r n  i n  1957, and on U t i r i k  s i n c e  
J u l y  1954, they might have r ece ived  a n  average  thy ro id  dose of about  4.5 r e m  
on Rongelap and 16 r e m  on U t i r i k . *  However, a more r e a l i s t i c  dose i s  thought  
t o  be roughly h a l f  of t h e s e  v a l u e s  (2 .25 r e m  f o r  Rongelap and 8 r e m  f o r  
U t i r i k ) ,  mainly because of absences  from t h e  home i s l a n d  on v i s i t s  t o  o t h e r  
a t o l l s .  On t h e  average  t h e  c h i l d r e n  probably r ece ived  about h a l f  t h e  a d u l t  
t h y r o i d  exposure because t h e i r  lower ages  r e s u l t  i n  s h o r t e r  r e s i d e n c e  t i m e .  
I n  the  case  of t h e  U t i r i k  people ,  food s u b s i d i z a t i o n  d u r i n g  t h e  f i r s t  few 
y e a r s ,  when 65Zn was by f a r  t h e  g r e a t e s t  c o n t r i b u t o r  t o  t h e  i n t e r n a l  dose,  re- 
duced t h e  dependence on f i s h ,  which w a s  t h e  major sou rce  of t h a t  r ad ionuc l ide .  
Also,  man of t h e  unexposed U t i r i k  people  probably d i d  n o t  r e t u r n  u n t i l  l a t e r ,  
when t h e  g5Zn c o n t r i b u t i o n  w a s  less.  S ince  r i s k  d a t a  f o r  r a d i a t i o n  e f f e c t s  t o  
be  used below a r e  n e c e s s a r i l y  de r ived  from a c u t e  exposures ,  t h e  c o n t r i b u t i o n s  

*Since r a d i o i o d i n e s  had v i r t u a l l y  decayed by t h e  t ime the  people  moved back 
t o  Rongelap and U t i r i k ,  t h i s  exposure w a s  due almost  e n t i r e l y  t o  o t h e r  
r a d i o n u c l i d e s .  
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Table  1. Pe rcen t  of persons  i n  Marsha l lese  popu la t ions  
having  thy ro id  nodules  (1979) .  

Age (18 i n  1954" Age >18 i n  1954 

% with  % with % with % with  
Group No. nodules  carcinoma No. nodules  carcinoma 

Exposed i n  1954 

42 52.4 4.8 44 15.9 4.5 Rongelap 
U t  i r i k  85 9.4 2.4 79 11.4 1 .3  

** 

Comparison popu la t ions  

Ronge 1 ap 553 0.7 0.2 115 11.3 0.9 

Wot je 103 3.9 1.0 59 6.8 0.0 
L i k i e p  102 1.0 0.0 90 4.4 0.0 

U t  i r  i k  43 5 1.4 0.2 38 7.9 2.6 ( 1  c a s e )  

ALL 1193 1 .2  0.25 292 8 .2  0.7 

*The comparison popu la t ions  inc lude  c h i l d r e n  no t  y e t  born  i n  1954. Unexposed 
preva lence  n o t  s u b t r a c t e d  from exposed e s t i m a t e s .  

**Includes 19 people  exposed on Ai l ingnae .  

from n a t u r a l  r a d i a t i o n  might have been s u b t r a c t e d  from t h e  above e s t i m a t e s .  
Exposure t o  n a t u r a l  r a d i a t i o n  du r ing  t h e  y e a r s  t h e  people  were away from t h e i r  
home i s l a n d  w a s  n o t  added t o  t h e  above doses  s i n c e  comparisons a r e  t o  be made 
with unexposed population s t a t i s t i c s ,  i n  which such exposure i s  inherent .  

and cance r  due t o  exposure t o  r e s i d u a l  r a d i a t i o n  on Rongelap and U t i r i k .  E s t i -  
mates are c a l c u l a t e d  f o r  t he  h i g h e s t  exposure doses  assuming cont inuous h a b i t a -  
t i o n  on t h e  i s l a n d s  (ha l f - t ime h a b i t a t i o n  €o r  c h i l d r e n ) .  The t a b l e  shows t h a t  
t h e  percentage  of people  wi th  t h y r o i d  nodules  and cancer  would no t  be d e t e c t -  
a b l e  i n  a popu la t ion  t h i s  s i z e  and would be f a r  below t h e  spontaneous i n c i -  
dence.  The d a t a  presented  a r e  probably ove res t ima tes  i n  view of t h e  f a c t o r s  
d i s c u s s e d  above. 

Table  3 shows t h e  expected percentage  of persons wi th  t h y r o i d  nodules  
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Table 2 .  Length of s t a y  on home i s l a n d  of unexposed Marshal lese  developing 
thy ro id  nodules  a t  age >12 (S=surgery) .  

Group (No. i n  group) 
P t .  No. Sex Age (1979) Length of s t a y  on i s l a n d  ( y r )  
Rongelap (668) 
1573 M 29 0 
829 F 
9 38 F 
84 1 F 
858 F 
867 F 
8 58 F 

4023 F 
9 10 M 

1007 M 
1575 F 
4014 F 
1554 F 
980 F 

1524 M 
4009 M 

882 M 
U t i r i k  (473)  
3074 F 
30 15 F 
3006 M 
3042 F 
3058 F 
2279 M 
3565 F 
3555 F 
Wotje (162) 
506 1 F 

F 
5027 M 
5030 M 
5059 F 
5074 F 
3096 F 
5053 F 
L ik iep  (173 i n  1970) 

M 
M 
F 
M 
F 

40 
40 
46 
8 0 ( ? )  
51 
( ? )  
45 
49 
68 
73 
62 
60 
28 
38 
35 
48 

26 
41 
78 
51 
52 
23 
24 
23 

26 
26 
33 
36 
53 
68 
55 
68 

61 
8 5 ( ? )  
73 
9 1 ( ? )  
65 

3 
3 

11 
11 ( d i e d  1973) 

3 
13 (?I 

2 
6 

12  
0 
0 
? 
5 
4 

13 
24 (?I 

5 
2 ( ? I  
1 ( ? I  

14 
13 
15 (?I 

? 
? 

MTt 
MT 
MT 
MT 
MT 
MT 
MT 
MT 

MT 
MT 
MT 
MT 
1954-1970 

3023 F 23 ? 
?MT = Probably most of t he  time. 
*A small focus  of “occul t1’  cancer  r e p o r t e d  by a m i n o r i t y  of  p a t h o l o g i s t s .  

Such o c c u l t  l e s i o n s  a r e  no t  i n f r e q u e n t l y  found a t  autopsy and a r e  g e n e r a l l y  
cons idered  t o  be of l i t t l e  c l i n i c a l  s i g n i f i c a n c e .  
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Table 3. Expected pe rcen t  of persons  with thy ro id  nodules  i n  comparison 
popu la t ions  based on e s t ima ted  doses .  

% Nodules ( cases /no . )  % Carcinoma (cases /no . )  

E s t .  dose Rong. r i s k  X-ray r i s k  Rong. r i s k  X-ray r i s k  
Group (rem) ( t o t a l l l  (benignI2  ( t o t a l l l  ( b e n i g d 2  

Chi ld ren3  
Rongelap 2.25 0.1% 0.07% 

(0.2/553) (0.4/557) 

(2.7/435) (1.1/435) 
U t i r i k  8.0 0.6% 0.2% 

Adult  s3 
Rong e 1 ap 4.5 0.2% 

(0.01/115> 

(0.2/38) 
U t i r i k  16.0 0.5% 

(0.01% 0.02 
(0.04/557) (0.1/557) 

0.03 0.01 
(0.15/435) (0.4/435) 

0.06 
(0.07/115> 

0.2% 
(0.08/38) 

'Using r i s k  d a t a  f o r  exposed Rongelap and Ai l ingnae  people  (25  y e a r s ) ,  c a s e s  
p e r  m i l l i o n  p e r  rad p e r  year :  c h i l d r e n  (exposed a t  age (101, t o t a l  31,  can- 
c e r  1 .7 ;  a d u l t s  (exposed a t  age > l o ) ,  t o t a l  14.6, cancer  5.6. 

2Using Maxon's (163) estimates of a b s o l u t e  r i s k  ( c a s e s  p e r  m i l l i o n  pe r  r a d  p e r  
y e a r ) ,  12.3 f o r  benign nodules  and 4.2 f o r  cance r ,  based on combined d a t a  of 
Coleman e t  a l .  (2331, Hemplemann (1621, Modan (1661, and A l b e r t  (200) on c h i l -  
d ren  t r e a t e d  wi th  x - i r r a d i a t i o n .  Recent ly  Maxon, on t h e  b a s i s  of l a t e r  d a t a ,  
h a s  r e v i s e d  h i s  r i s k  e s t i m a t e  f o r  t hy ro id  cancer  downward t o  1 .5  cases /106  
p e r s o n s l r a d l y r  (164) .  Use of t h i s  va lue  would lower t h e  expected r i s k  i n  t h e  
popu la t ions  l i s t e d  i n  t h i s  t a b l e .  Also,  p re l imina ry  r e s u l t s  of reassessment  
of t hy ro id  doses  i n d i c a t e  a p o s s i b l e  i n c r e a s e  i n  e s t ima ted  dose which could 
lower t h e  Rongelap r i s k  f a c t o r s .  

3Children: age <10 i n  1954; a d u l t s :  age '10 i n  1954. Children w e r e  cons id-  
e r e d  t o  have l i v e d  11 y r  on Rongelap o r  13 yr  on U t i r i k  and t o  have r ece ived  
h a l f  t h e  t o t a l  dose.  Adul t s  were cons idered  t o  have l i v e d  22 y r  on Rongelap 
and 25 y r  on U t i r i k ,  and t h e i r  t o t a l  e s t ima ted  doses  a r e  l i s t e d .  

C. Comparison of Thyroid F indings  i n  Marsha l lese  Comparison Popu la t ions  With 
Those i n  Other  Unexposed Popu la t ions  

A number of s t a t i s t i c a l  r e p o r t s  have been publ i shed  on thy ro id  n e o p l a s i a  
i n  popu la t ions  no t  exposed t o  r a d i a t i o n  ( s e e  F ig .  1 ) .  These s t a t i s t i c s  show 
cons ide rab le  v a r i a t i o n ,  and some popu la t ions  appear  t o  be more prone t o  deve l -  
opment of t hy ro id  cancer .  
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F ig .  1. Preva lence  of  spontaneous thy ro id  nodules .  From Maxon e t  a l .  (164) .  

The d a t a  i n  Table  4 ,  taken from a Nuclear Regulatory Commission Report  
(234) ,  summarize t h e  e s t ima ted  occurrence  of t hy ro id  neoplasms i n  t h e  g e n e r a l  
U . S .  popula t ion  compared w i t h  d a t a  on the Marshallese comparison popu la t ion .  
I n  t h e  Marsha l lese  comparison popu la t ion ,  a s  i n  o t h e r  unexposed popu la t ions ,  
the  preponderance of t hy ro id  nodules  i s  i n  t h e  o l d e r  age group,  whereas i n  t h e  
exposed Rongelap people  t h e  r e v e r s e  i s  t r u e .  This  appea r s  t o  be t h e  case  i n  
o t h e r  exposed popu la t ions  a l so .*  About 1300 c h i l d r e n  l i v i n g  i n  Utah were ex- 
posed t o  f a l l o u t  from t h e  Nevada tes ts  i n  t h e  1950s (1811, r e c e i v i n g  doses  
e s t ima ted  t o  be cons ide rab ly  h ighe r  than those  t o  the  Marsha l lese  c o n t r o l  
popu la t ions ,  and they had no d e t e c t a b l e  i n c r e a s e  i n  thy ro id  a b n o r m a l i t i e s  
compared wi th  the  unexposed popu la t ions  i n  Arizona. 

Table  4.  Preva lence  of  t hy ro id  nodules  and cancer  i n  unexposed 
Marsha l lese  and U . S .  popu la t ions .  

Age group Preva lence  of n o d u l a r i t y  (%) Prevalence  of cancer  (%I 
U.S. Marsha 1 lese U.S. Mars ha 1 l e  s e 

0-19 
20-39 
40-59 
60-80 

0.8 2.6 

7.9 
6.1 

0.08 0 .9  
0.31 
0.52 1 0.7  
0 .73  

*The s l i g h t l y  h i g h e r  preva lence  of nodules  and carcinoma may be r e l a t e d  t o  t h e  
more r i g o r o u s  examinat ions g iven  t h a t  group compared w i t h  r epor t ed  surveys 
of  o t h e r  world popu la t ions .  
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I n  conc lus ion ,  on t h e  b a s i s  of t h e  s i m i l a r i t y  of f i n d i n g s  i n  t h e  
Marsha l lese  comparison popu la t ions  and i n  o t h e r  world popu la t ions ,  t h e r e  i s  no 
apparent  r eason  t o  suspec t  t h a t  t h e r e  i s  anyth ing  unusual ,  i n c l u d i n g  excess ive  
r a d i a t i o n ,  i n  t h e  environments of t hese  atolls--compared wi th  o t h e r  envi ron-  
ments--which might promote ca rc inogenes i s ;  hence t h i s  popu la t ion  appea r s  s u i  t- 
a b l e  f o r  comparat ive purposes  f o r  d e t e c t i o n  of r a d i a t i o n  e f f e c t s  i n  t h e  ex- 
posed Rongelap and U t i r i k  s u b j e c t s .  

I f  f u r t h e r  s t u d i e s  sugges t  t h a t  t h e r e  i s  an i n c r e a s e  i n  benign and malig- 
nan t  neoplasms on some of t h e  o t h e r  a t o l l s  which may have r ece ived  low expo- 
s u r e s ,  then  causes  o t h e r  than  r a d i a t i o n  should be sought ,  n o t  on ly  i n  t h a t  pop- 
u l a t i o n  but  i n  Marsha l lese  popu la t ions  i n  gene rg l .  
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Appendix I1 

DOSE ASSESSMENT* 

A. Early Radiation** 

1. Source 

The ionizing radiation exposure of  the Marshallese was due entirely to 
fallout, since the detonation site was too far away for thermal, blast, or di- 
rect irradiation effects. (In contrast, direct effects were responsible for 
all the injuries from the atomic bombs in Hiroshima and Nagasaki, with little 
or no fallout.) The fireball from the 1954 Bravo device, detonated from a 
tower, touched the surface of the earth at Bikini, and large amounts of mate- 
rial were drawn up and mixed with fission products in the bomb cloud. Because 
of an unpredicted shift in the winds in the upper atmosphere, fallout was 
deposited in a cigar-shaped area 20 to 40 miles wide extending 3200 miles to 
the east of Bikini (see Figure 1 in the text). The radioactivity was due to 
fission products and some neutron-induced radionuclides; little fissile mate- 
rial was noted. The radiation was therefore almost entirely from gamma and 
beta rays of varying energy from numerous neutron-rich radionuclides. The 
time after detonation when fallout began was estimated as 4 to 6 hr at 
Rongelap, 37 hr at Rongerik, and 22 hr at Utirik, and the fallout duration as 
12 hr, with most of the dose delivered early in that period. Table 1 shows 
fallout exposure data on the atolls. 

Table 1. Estimated gama exposure (measurements in air). 

Instrument Est. y 
No.* Approx. time Time of readings exposure 

Atoll people fallout began evacuation (mR/hr) (R) 

Rongelap 64 H+4 to 6 hr H+50 hr (16 people) 375, H+7 days 175 

Ailingnae 18 H+4 to 6 hr H+58 hr 100, H+9 days 69 
Rongerik 28 H+6.8 hr H+28.5 hr (8 men) 280, H+9 days 78 

Utirik 157 H+22 hr Started at H+55 hr 40, H+8 days 14 

H+51 hr (48 people) 

H+34 hr (20 men) 

*Does not include people exposed in utero. -- 

*Dr. S.H. Cohn (Medical Department, BNL) and Messrs. E.T. Lessard, N.A. 
Greenhouse, and R.P. Miltenberger and Dr. J. Naidu (Safety and Environmental 
Protection Division, BNL) assisted with this Appendix. 

**A reevaluation of the early whole-body and internal organ doses is in prog- 
ress at Brookhaven National Laboratory. Incomplete results give some indica- 
tion that the previously estimated thyroid doses may be too low. Since the 
results are preliminary, they are not included in this report. 
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2. Gamma (Whole-Body) Dose 

The f a l l o u t  (where seen )  resembled snow o r  m i s t  and w a s  d e p o s i t e d  rela- 
t i v e l y  homogeneously so  t h a t  t h e  i n d i v i d u a l s  on each i s l a n d  were cons ide red  t o  
have r ece ived  about t h e  same es t ima ted  dose o f  gamma r a d i a t i o n .  The c h i l d r e n  
may have had a somewhat h i g h e r  dose t h a n  t h a t  c a l c u l a t e d  f o r  t h e  a d u l t s  be- 
cause ,  be ing  smaller ,  t h e i r  bod ie s  o f f e r e d  less s e l f - s h i e l d i n g .  Th i s  p o s s i b i l -  
i t y  i s  supported by t h e  h i g h e r  i nc idence  o f  e a r l y  nausea and vomit ing and t h e  
g r e a t e r  d e p r e s s i o n  o f  blood elements  i n  t h e  young c h i l d r e n .  The f l imsy  houses 
a f f o r d e d  l i t t l e  a t t e n u a t i o n  of t h e  r a d i a t i o n .  The whole-body doses  were 
c a l c u l a t e d  from measurements with r a d i a t i o n  f i e l d  survey in s t rumen t s  h e l d  3 f t  
above t h e  ground, made about a week a f t e r  t h e  d e t o n a t i o n ,  by e x t r a p o l a t i o n  t o  
t h e  t i m e  of exposure wi th  t h e  energy spectrum and decay taken i n t o  cons ide ra -  
t i o n .  Table  1 shows t h e  c a l c u l a t e d  gamma doses  f o r  t h e  d i f f e r e n t  popu la t ions  
exposed. I n  view o f  t h e  2T geometry of exposure,  t h e  m i d l i n e  doses  t o  i n d i v i d -  
u a l s  were h i g h e r  than those ob ta ined  wi th  t h e  u s u a l  b i l a t e r a l  exposure of x- 
r a d i a t i o n .  More d e t a i l e d  t r ea tmen t  of t h e  a c u t e  exposure estimates may be 
found i n  r e f .  2. 

3 .  Skin Dose 

The dose t o  t h e  s k i n  s u r f a c e  w a s  much g r e a t e r  than t h e  whole-body gamma 
dose because of t h e  l a r g e  amount o f  p a r t i c u l a t e  r a d i a t i o n  absorbed by t h e  
s k i n .  The a c t u a l  s k i n  d o s e s ,  a l though  imposs ib l e  t o  c a l c u l a t e ,  probably 
amounted t o  more than  1000 r a d s ,  and t:heir range of v a l u e s ,  due t o  d i f f e r e n t  
amounts of f a l l o u t  s t i c k i n g  t o  d i f f e r e n t  a r e a s ,  accounted f o r  t h e  s p o t t y  na- 
t u r e  and va ry ing  i n t e n s i t y  of l e s i o n s .  The e x t e n s i v e n e s s  of t h e  b e t a  burns i n  
each i s l a n d  group c o r r e l a t e d  roughly w i t h  t h e  amount of f a l l o u t  v i s i b l e  on 
t h e i r  i s l a n d .  Most of t h e  s k i n  dose was due t o  f a l l o u t  d e p o s i t e d  d i r e c t l y  on 
t h e  s k i n ,  b u t  some w a s  due t o  b e t a  r a d i a t i o n  from f a l l o u t  on t h e  ground 
( e s t i m a t e d  a t  Rongelap t o  be 2000 rads; a t  t h e  l e v e l  of t h e  dorsum of t h e  f e e t ,  
on t h e  b a s i s  of con t inuous  exposure and no s h i e l d i n g ) .  I t  w a s  f o r t u n a t e  t h a t  
t h e  b e t a  r a d i a t i o n  had an average energy i n s u f f i c i e n t  t o  p e n e t r a t e  deeply i n t o  
t h e  s k i n  and t h e r e f o r e  r e s u l t e d  f o r  t h e  most p a r t  i n  s u p e r f i c i a l  damage burns.  
The average b e t a  p a r t i c l e  probably d id  not  p e n e t r a t e  much beyond t h e  b a s a l  
l a y e r  of t h e  s k i n  (*lo0 p). However, s i n c e  e p i l a t i o n  occurred i n  many peo- 
p l e ,  t h e  r eg ion  of t h e  h a i r  f o l l i c l e s  must have r ece ived  an absorbed dose a t  
l eas t  equa l  t o  t h e  minimal e p i l a t i n g  dose o f  400 r a d s  o f  200-kVp x r a y s .  

4 .  I n t e r n a l  Doses 

I n t e r n a l  a b s o r p t i o n  of r a d i o n u c l i d e s  w a s  due t o  i n h a l a t i o n  as t h e  r ad io -  
a c t i v e  cloud passed ove r  and t o  i n g e s t i o n  of food and water contaminated w i t h  
f a l l o u t ,  water probably being a major sou rce .  Drinking water i s  ob ta ined  by 
c o l l e c t i n g  r a i n f a l l  from t h e  r o o f s  i n t o  catchments ,  and a s l i g h t  r a i n  was re- 
po r t ed  on Rongelap t h e  n i g h t  o f  t h e  f a l l o u t .  Since t h e  c i s t e r n s  were almost 
empty, t h e  d i l u t i o n  e f f e c t  was minimal. 
t i m e ,  and i t  w a s  drunk i n  s p i t e  o f  warnings from t h e  h e a l t h  a i d e .  On Rongerik 
food and water were b e t t e r  p r o t e c t e d  from f a l l o u t  d e p o s i t i o n .  

I n t e r n a l  l e v e l s  o f  r a d i o n u c l i d e s  absorbed from t h e  f a l l o u t  were a s s e s s e d  
by numerous radiochemical  ana lyses  o f  u r i n e  samples,  beginning 15 days p o s t  

Water w a s  be ing  r a t i o n e d  a t  t h a t  
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exposure, for 89Sr, 140Ba, 1311, the rare earth group, and fissile material. 
As expected, the Rongelap people had the highest body burdens. By 6 months, 
beta activity in the urine samples was barely detectable. Table 2 shows the 
main isotopes found at day 1 (extrapolated values) and at day 82. The agree- 
ment between the findings at the two laboratories is close considering the 
techniques available at that time. Levels in the Ailingnae group were about 
one-half and in the Americans about one-quarter the levels in the Rongelap 
group. Only isotopes of iodine, strontium, barium, and a few rare earth ele- 
ments were detected in any significant degree. In the Rongelap group, at day 
1, 89Sr and I3lI were near the maximum permissible levels, and the estimated 
total amount of radioactive material in the gastrointestinal tract was about 
3 mCi; whether this had any relation to the early gastrointestinal symptoms is 
not known. 

Table 2. Estimated body burden (pCi) of Rongelap people. 

Max. perm. 
Activity* Ac t iv i t y * total body 
at day 1 at day 82 burden 

8 9 ~ r  1.6 - 2.2 0.19 40 

Rare earth group 0 - 1.2 0.03 
l3II (in thyroid gland) 6.4 -11.2 0.7 
lo3Ru 0 - 0.013 - 50 

Fissile material 0 - 0.016 (pg) 0.0 0.4 

140Ba 0.34- 2.7 0.021 9 

4 5 ~ a  0 - 0.019 0.0 200 

*From U.S. Naval Radiological Defense Laboratory. 
**From Los  Alamos Scientific Laboratory. 

The total whole-body or bone-marrow dose from the absorbed nuclides was 
not calculated because of the variety and varied energies of these radiations. 
However, the dose is thought to have been quite small compared with the 
whole-body gamma dose. 

5. Thyroid Doses* 

The fallout produced several possible sources of radiation exposure to 
the thyroid gland. 
in the Rongelap people, 69 rads in the Ailingnae people, and 14 rads in the 
Utirik group. Iodine isotopes are produced in relatively high yields by the 

The gamma radiation resulted in thyroid doses of 175 rads 

*See second footnote at beginning of this Appendix. 

n 
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rocess. Some are too short-lived to be of consequence, but 1311, 
f5esf0P331, and 1351 are sufficiently long-lived to cause a considerable dose 
to the thyroid following internal absorption and concentration in that gland, 
and these were absorbed both via inhalation and via ingestion in food and 
water (see App. 2 of ref. 12). Other internally absorbed isotopes (see Table 
2) were not thought to be significantly absorbed by the thyroid and probably 
contributed little to the dose to that gland. Conversely, the radioiodines 
contributed only slightly to the whole-body radiation dose. 

During the early period after the fallout, radioiodine was recognized as 
possibly the most hazardous constituent, but the estimated dose to the gland 
of 100 to 150 rads was not considered sufficien't to cause later development of 
thyroid abnormalities. No acute effects were noted in any of the people that 
could be related to the internal absorption of radioiodines or other radio- 
nuclides. Contamination of the skin resulting in extensive beta burns in the 
neck region in 70% of the people probably did not contribute to the thyroid 
dose because of the low energy of the beta radiation. Possibly slight absorp- 
tion of radioiodines through the skin occurred. 

isotopes of iodine remained (except ossibly ver 
the principal remaining nuclides (13pCs, 90Sr, 63Zn, g°Co, 55Fe), which were 
absorbed to low levels in the people, probably contributed only low doses to 
the thyroid. (See Section B, below.) 

When thyroid lesions began developing in the Rongelap children in 1963, 
the dose to the thyroid of the Rongelap people was reevaluated by James (19). 
His estimates of the gamma dose agreed approximately with the previous esti- 
mate of 175 rads. Calculation of the dosage from radioiodines unfortunately 
had to be based on a single, pooled urine sample from Rongelap people col- 
lected 15 days post exposure. Harris at Los Alamos had reported a low level 
of 1311 in this sample and had calculated a one-day thyroid content of 11.2 
pCi based on the assumption of 0.1% urinary excretion of the maximum thyroid 
burden on the 15th day (235). 

James (19) calculated doses for absorption from both inhalation and in- 
gestion. He noted that the shorter-lived isotopes of iodine delivered 2 to 3 
times the estimated dose delivered by 1311 alone. 
shorter-lived isotopes in producing thyroid effects in the Marshallese is 
referred to in Section IX of the text. The dose to the thyroid of a Rongelap 
adult (including gamma) was calculated as about 335 rads (220 to 450 rads) and 
to that of a 3-yr-old Rongelap child as 700 to 1400 rads. (The spread is due 
to uncertainties in estimating dose from absorption of radioiodines by inhala- 
tion versus ingestion.) 
old children are only about two-thirds the size of those of 3-yr-olds and 
therefore might have received 2000 rads or more. 

doses was about the same for people exposed on Ailingnae and Utirik as for the 
Rongelap people, James' calculations were used to estimate thyroid doses in 
the Ailingnae and Utirik groups; the results were 135 rads for the Ailingnae 
adults and 31 rads for the Utirik adults. The children's thyroid doses were 
based on the weight of the gland at various ages (247). By using a linear re- 
lationship between the thyroid size and the dose calculated by James, the 
doses to individual children were taken from regression lines drawn for the 
three exposed populations; these are given in Table 3. In retrospect, the 

When the people returned to Rongelap and Utirik to live, no radioactive 
sli ht amounts of 1291), and 

The importance of these 

It should be noted that the thyroid glands of l-yr- 

With the assumption that the ratio of whole-body gamma doses to thyroid 
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Table 3.  Es t imated  whole-body (gamma) and thy ro id  doses  ( r a d ) .  

Thyroid dose ( i n c l .  g a m a )  , 
a t  exposure age: 

Whole-body 
Popu la t ion  No. dose < 10 10-18 > 18 

Rongelap 65 175 810-1800 335-810 335 
A i  l i ngnae  18 69 275-450 190 135 
U t i r i k  158 14 60-95 30-60 30 

e s t ima ted  average dose of 1000 r a d s  t o  t h e  thy ro ids  of young c h i l d r e n  appea r s  
t o  be low; c e r t a i n l y  f o r  two boys who developed thy ro id  a t rophy and myxedema. 
The c a l c u l a t e d  doses  a r e  obvious ly  rough e s t i m a t e s .  
t h e s e  observed e f f e c t s  w i th  t h e  c a l c u l a t e d  doses  based on 1311 m u s t  be r e l a t e d  
p a r t l y  t o  t h e  s h o r t - l i v e d  i o d i n e  i s o t o p e s  ( s e e  r e f s .  188-192). However, t h e  
o p t i o n  m u s t  be kept  open t h a t  t h e  a c t u a l  doses  were h i g h e r  than  those  e s t i -  
m a t e d  and t h a t  poss ib ly  o t h e r  r a d i o n u c l i d e s  may have been absorbed by t h e  
bones and c o n t r i b u t e d  t o  t h e  dose.  

The i n c o m p a t i b i l i t y  of 

B. Res idua l  Rad ia t ion  (Accumulated Exposure From H a b i t a t i o n  on Rongelap o r  
U t i r i k  A t o l l )  

1. Ea r ly  C a l c u l a t i o n s  

The s u b j e c t  w i l l  be on ly  b r i e f l y  reviewed h e r e .  
f o r  e a r l i e r  estimates can be found i n  t h e  r e f s .  1, 13, 18, and 2 2 .  

When t h e  Rongelap and U t i r i k  people  r e t u r n e d  t o  l i v e  on t h e i r  home is- 
l ands ,  t hese  a t o l l s ,  a l t hough  cons idered  r a d i o l o g i c a l l y  s a f e  f o r  h a b i t a t i o n ,  
s t i l l  had low l e v e l s  of r e s i d u a l  r a d i a t i o n .  Before t h e  U t i r i k  people  r e tu rned  
i n  J u l y  1954 and t h e  Rongelap people  i n  J u l y  1957, they had l a r g e l y  e x c r e t e d  
t h e  r a d i o n u c l i d e s  i n i t i a l l y  absorbed a t  t h e  t i m e  of t he  f a l l o u t .  
months, radiochemical  ana lyses  of u r i n e s  of t h e  Rongelap popu la t ion  r evea led  
b a r e l y  d e t e c t a b l e  r a d i o a c t i v i t y  ( s e e  Table  2 ) .  

A number of r a d i o l o g i c a l  surveys  on Rongelap and U t i r i k  fo l lowing  t h e  
a c c i d e n t  showed low l e v e l s  of  r e s i d u a l  gamma r a d i a t i o n  and small amounts of 
r a d i o n u c l i d e s  i n  t h e  s o i  1 water  l a n t ,  animal and marine l i f e .  The 
p r i n c i p a l  i s o t o p e s  were 137Cs, 96S::d6gZn, and 55Fe, though very  low l e v e l s  of 
s e v e r a l  o t h e r  i s o t o p e s  were found. When t h e  people  r e t u r n e d ,  personnel  moni- 
t o r i n g  procedures  showed low body burdens of t h e s e  i s o t o p e s  absorbed from t h e  
environment.  (The s h o r t - l i v e d  i s o t o p e s  of i od ine  had long s i n c e  d i e d  o u t . )  
The major c o n t r i b u t i n g  food p l a n t s  were pandanus and coconut .  
c r a b ,  a food d e l i c a c y ,  had t o  be banned from t h e  d i e t  f o r  >15 y e a r s  because 
of  unacceptab le  l e v e l s  of r a d i o a c t i v i t y .  Measurable l e v e l s  of 55Fe were found 
i n  t h e  blood of Rongelap people  (1 ,2361,  bu t  s i n c e  they were <1/100 of t h e  
maximum p e r m i s s i b l e  body burden,  t h i s  was n o t  cons idered  a s i g n i f i c a n t  hazard.  

More d e t a i l e d  t r ea tmen t  

By s i x  

The coconut 

- 114 - 



0.7 r- 
u o.6- 

0.5 - 

0.4 - - 
0 

0.3- 

"* I ,  ~E I I I AB ~B , 1 '",,:,, 
U' 0. I' LE 6U 

4 4  AB 

'54 '57 '59 '61 '63 '65 '67 '69 '71 '73 '75 '77 

4 4  AB 
I L I  I I I I I I I 

'54 '57 '59 '61 '63 '65 '67 '69 '71 '73 '75 '77 
YEAR 

Fig .  1. Body burdens of gamma emitters 
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Fig .  2 .  Body burdens of 90Sr.  

The body burdens of r a d i o n u c l i d e s  tended t o  r each  e q u i l i b r i u m  wi th  the  
environment i n  s e v e r a l  y e a r s  and then  g r a d u a l l y  t o  become lower. F igu res  1 
and 2 show es t ima ted  body burdens of gamma e m i t t e r s  and 90Sr over  t he  y e a r s .  

about 12  nCi i n  a d u l t s  and 22 nCi i n  c h i l d r e n ,  about  6 and 11% r e s p e c t i v e l y  of 
t h e  maximum p e r m i s s i b l e  l i f e t i m e  body burden l e v e l s  f o r  t h e  popu la t ion  a t  
l a r g e ;  i .e  1/10 the  I C R P  va lue .  Analyses of bone samples from s e v e r a l  au- 
t o p s i e s  dur ing  the  p a s t  20 y e a r s  gave e s t ima ted  90Sr body burdens s imilar  t o  
those  obta ined  from u r i n a l y s i s  ( s e e  F igure  2 ) .  
reached t h e i r  peak i n  about  1965, a t  n e a r l y  0.7 U C i  (23% of t h e  pe rmis s ib l e  
l e v e l  f o r  t he  g e n e r a l  popu la t ion ) .  The body burdens of the  U t i r i k  people  were 
cons ide rab ly  below those  of t h e  Rongelapese . 

90Sr body burdens reached t h e i r  h i g h e s t  l e v e l  dur ing  1962 t o  1965 a t  

* ?  

137Cs body burdens a l s o  

2.  Reevalua t ion  

This  s e c t i o n ,  by E .  t e s s a r d  and N .  Greenhouse, summarizes t h e i r  r eeva l -  
uation of the doses accumulated to 1979 from residual radiation exposure by 
popu la t ions  l i v i n g  on Rongelap and U t i r i k  I s l a n d s  s i n c e  1954. 

A d o s i m e t r i c  summary f o r  the  Rongelap and U t i r i k  a d u l t  popu la t ions  i s  
given i n  Table  4 .  This  in format ion  w a s  ob ta ined  by methods o u t l i n e d  i n  BNL 
51257, A Recons t ruc t ion  of  Chronic Dose Equiva len ts  f o r  Rongelap and U t i r i k  
Res idents  - 1954 t o  1980. B r i e f l y ,  a multicompartment model f o r  d e c l i n i n g  
cont inuous uptake was developed,  based on the  r e s u l t s  of h i s t o r i c  and contem- 
porary  u r i n e  b ioassay  and whole-body count ing  d a t a .  Dai ly  a c t i v i t y  i n g e s t i o n  
r a t e s  were e x t r a c t e d  from the  model and inpu t  q u a n t i t i e s  and used i n  conjunc- 
t i o n  wi th  c u r r e n t  me tabo l i c  models f o r  i n t e r n a l  dosimetry.  

Rongelap and U t i r i k ,  r e s p e c t i v e l y .  
of d i r e c t  body burden measurements o r  i n d i r e c t  body burden e s t i m a t e s  based on 
u r i n e  b ioassay  measurements. Derived body burdens were c a l c u l a t e d  f o r  U t i r i k  
dur ing  a p p r o p r i a t e  yea r s  when measured d a t a  were l ack ing .  
2.55 t o  1.0 was observed in t h e  Rongelap t o  U t i r i k  body burdens f o r  65Zn, 

Tables  5 and 6 i l l u s t r a t e  a d u l t  mean va lues  f o r  t he  body burdens on 
These body burden h i s t o r i e s  a r e  t h e  r e s u l t  

A mean r a t i o  of  
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Table 4 .  Cumulative (1979) dose e q u i v a l e n t  summary (rem) f o r  a d u l t s  ( c l a s s -  
i f i e d  a s  persons  >16 years of age upon r e t u r n  t o  U t i r i k  i n  June 
1954 o r  t o  Rongelap i n  June 1957 and having a mean body m a s s  - >60 
kg) . 

Nuclide U t i r i k  Rongelap U t  ir i k  Rong e 1 a p 

9 0 ~ r  
5Fe 

137cs 
6OCO 
6 5 ~ n  

T o t a l  i n t e r n a l  
N e t  e x t e r n a l *  

T o t a l  

9 0 ~ r  
5Fe 

137cs 
6OCO 
6 5 ~ n  

T o t a l  i n t e r n a l  
Net ex te rna l*  

T o t a l  

9 0 ~ r  
5%e 

137cs 
6OCO 
6 5 ~ n  

T o t a l  i n t e r n a l  
N e t  ex t e rna l*  

T o t a l  

Total-body 

0.0118 
0.0329 
1.13 
0.507 

12.5 
14.2 

17.4 
3.19 

0.0267 
0.0230 
1 . 7 1  
0.0143 
0.0757 
1.85 
2.02 
3.87 

Thyroid 

0.000749 
0.0594 
1.55 
0.359 

11.1 
13.1 

16.3 
3.19 

0.00169 
0.0415 
2.35 
0.0101 
0.0672 
2.47 
2.02 
4.49 

Red mar row Te s t e s -ovar i e  s 

0.0537 
0.0603 
1.70 
0.629 

17.2 
19.6 

22.8 
3.19 

0.123 0.000749-0.000749 
0.0422 0.0583-0.0620 
2.57 1.54-1.74 
0.0177 0.442-1.78 
0.103 11.3-16.3 
2.86 13.3-19.9 
2.02 3.19 
4.88 16.5-23.1 

Lower l a r g e  i n t e s t i n e  w a l l  

0.225 
0.0666 
0.591 
4.66 

15.0 
20.5 

23.7 
3.19 

0.567 
0.0465 
0.895 
0.132 
0.0910 
1.73 
2.02 
3.75 

0.00169-0.0016 
0.0736-0.0433 

2.33-2.63 
0.0125-0.0520 
0.0685-0.0988 

2.49-2.82 
2.02 

4.51-4.84 

L ive r  

0.00067 1 
0.115 
1.81 
0.792 

16.5 
19.2 

22.4 
3.19 

0.00152 
0.0804 
2.74 
0.0223 
0.136 
2.98 
2.02 
5.00 

*A v a l u e  of 0.73 r a d s  i n  t i s s u e  of i n t e r e s t  pe r  roentgen  measured i n  a i r  a t  
one meter above the s u r f a c e  was used t o  conve r t  exposure i n  a i r  t o  dose 
e q u i v a l e n t .  
a c t i v i t y  wi th  depth  i n  s o i l ,  t y p i c a l  of aged f a l l o u t  (B.G. Bennet t ,  Heal th  
Phys ics  19:757-67, 1970). Because of t h e  m u l t i d i r e c t i o n a l  n a t u r e  of t h e  
s o u r c e ,  v a r i a t i o n  of dose wi th  depth  of organ i s  minimal. 
a r e  a d j u s t e d  f o r  l i f e s t y l e  v a r i a t i o n s  (e .g . ,  s t and ing ,  s i t t i n g ,  f i s h i n g ,  
e t c . ) .  

The source  was assumed t o  be exponen t i a l  d i s t r i b u t i o n  of 137Cs 

E x t e r n a l  doses  
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Table 5.  Rongelap a d u l t  body burdens,  1979 (NA = n o t  ana lyzed) .  
/ \  

Males Females A l l  a d u l t s  

Body Numb e r Body Numb e r Body Number Days 

(pCi) pe r sons  ( p c i )  persons ( p c i )  persons r e t u r n  
burden o f  burden of burden of pos t  

OCO 2 . 9 ~ 1 0 - 5  

2 . 5 ~ 1 0 - ~  
1.ox10-2 

65Zn 4 . 3 ~ 1 0 - ~  
4. 3x10-1 
6 . 2 ~ 1  0-1 
9 . 5 ~ 1 0 - ~  

1 . 9 ~ 1 0 - 4  
3 . 7 ~ 1  0-3 
5 . 7 ~ 1 0 - ~  
3 . 7 ~ 1 0 - ~  
8 . 8 ~ 1 0 - ~  
7 . 9 ~ 1  0-3 
2 . 8 ~ 1 0 - ~  
3 . 9 ~ 1 0 - ~  

1 . 3 ~ 1  0-3 
4. iX10-3 

3. iX10-3 
2. oXi 0-3 
6 . 6 ~ 1 0 - ~  
3 . 3 ~ 1 0 - 3  
4 . 4 ~ 1 0 - ~  
6 . 3 ~ 1 0 - ~  

37Cs  1 . 4 ~ 1 0 - ~  
8 . 7 ~ 1  0-1 
7. 9x10-1 
9 . 5 ~ 1  0-1 
9. 4x10-1 
4 . 8 ~ 1  0-1 
3.0~10-l-  
1 . 8 ~ 1  0-1 

NA 
37 
45 

NA 
30 
32 
38 

28 

NA 
11 
24 

9 
12 
11 
12 
11 
11 
8 
8 
5 
4 

10 
23 
24 

NA 
NA 
47 
37 
44 
22 
30 
19 

1 . 7 ~ 1 0 - 5  
7 . 8 ~ 1 0 - ~  
2. ox lo-3 
3 . 8 ~ 1 0 - ~  
3. 8x10-1 
5 . 0 ~ 1  0-1 
8 . 5 ~ 1 0 - ~  

4 . 0 ~ 1  0-1 

1 . 4 ~ 1 0 - 4  
2 . 8 ~ 1  0-3 
3 . 5 ~ 1 0 - 3  
1 . 6 ~ 1  0-3 
7 . 9 ~  
7 . 4 ~ 1  0-3 
4 . 6 ~ 1 0 - ~  

3 . 3 ~ 1 0 - ~  
3 . 3 ~ 1 0 - ~  
2 . 8 ~ 1 0 - ~  
1 . 4 ~ 1  0-3 
4. 2x10q3 
1 . 7 ~ 1 0 - 3  

NA 
4 . 6 ~ 1 0 - ~  

8 . 4 ~ 1 0 - 3  
5 . 2 ~ 1  0-1 

4 .7~10-1  
4. 9x10-1 
3 . 0 ~ 1  0-1 

1 .7~10-1  

3. iXi 0-3 

4.1x10-1 

1.9x10-1 

NA 
37 
45 

NA 
12 
27 
23 

32 

NA 
4 

16 
4 

13 
7 

1 2  
11 
13 
11 
7 
7 
7 
4 
0 

19 

NA 
NA 
49 
37 
45 
24 
21 
18 

2 . 3 ~ 1 0 - 5  
9 . 0 ~ 1 0 - ~  
2. 2x10-3 

4.1x10-2 

9.ox10-2 

4. 1x10-1 
5 . 6 ~ 1  0-1 

4. 1x10-1 

1 . 7 ~ 1 0 - 4  
3 . 4 ~ 1  Oe3 
4 . 8 ~ 1 0 - ~  
3 . 0 ~ 1  0-3 
8 . 4 ~ 1 0 - ~  
7 . 7 ~ 1  0-3 
3 . 7 ~ 1 0 - ~  
3 . 5 ~ 1 0 - ~  
3 . 6 ~ 1 0 - ~  
2 . 5 ~ 1 0 - ~  
3 .  O X ~ O - ~  
1 . 6 ~ 1 0 - ~  
4 . 3 ~ 1 0 - ~  
2 . 8 ~ 1  0-3 

NA 
5 . 5 ~ 1  0-4 

1.1x10-2 
6 . 8 ~ 1  0-1 
5 . 7 ~ 1 0 - I  
6. 7x10-1 
6. 8x10-1 
3. 9x10-1 
2. 5x10-1 
1 . 7 ~ 1 0 - 1  

NA 
74 
90 

NA 
42 
59 
61 

60 

NA 
15 
40 
13 
25 
18 
24 
22 
24 
19 
15 
12  
13 
14 
NA 
43 

NA 
NA 
96 
74 
89 
46 
51 
37 

1 
1370 
2831 

1 
304 
638 

1370 

4626 

1 
304 
639 

1370 
2100 
2466 
356 1 
3927 
4292 
4657 
5022 
5388 
5753 
61 18 
7579 
809 7 

1 
304 
639 

1370 
283 1 
61 18 
7213 
809 7 
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Table 6.  U t i r i k  a d u l t  body burdens ,  1979 (D = r a t i o - d e r i v e d ;  NA = n o t  
ana lyzed) .  

Males Females A l l  a d u l t s  

Body Number Body Numb e r Body Number Days 

( F i >  
burden of burden of burden of p o s t  

persons ( E i )  persons  ( W i )  persons r e t u r n  

6oC0 

6 5 ~ n  

D 
D 

D 

55Fe 
D 

9 0 ~ r  

137cs 

4 .  Ox 
9 . 7 ~ 1 0 - ~  

3 . 5 ~ 1 0 - l "  
2 i 7 ~ 1 0 - l  
3 .7~10-2  

1. 7x10-1 

1 . 4 ~ 1 0 - ~  

NA 
1 . 5 ~ 1 0 - 4  

4 .  1x10-1 
2 .  9x10-1 
2 .  6x10-1 

6 . 2 ~ 1 0 - ~  

1. 2x10-3 

1.2x10-1 

2 
14 

5 
5 

12  
14 

NA 
15 
9 

27 
19 

3.  iX10-3 
7 . 6 ~ 1 0 - ~  

- 
1 .6~10-1  
3 .3~10-2  

1. 6x10-1 

2 . 4 ~ 1 0 - ~  
1. 3x10m3 

NA 
1 . 5 ~ 1 0 - 4  

2 .  7x10-1 
2.ox10-1 
1. 3x10-1 
7 . 8 ~ 1 0 - ~  
4 . 3 ~ 1 0 - ~  

15 

2 
6 

12  
17 

NA 
15 
13 
2 1  
17 

3 . 5 ~ 1 0 - ~  
8 . 7 ~ 1 0 - 4  

- 
2.1x10-1 
3 . 5 ~ 1 0 ' ~  

1. 6x10-1 

1 . 7 ~ 1 0 - ~  
1 . 3 ~ 1 0 - ~  

NA 
1 .5~10-4  

3 . 3 ~ 1 0 - 1  
2.  5x10-1 
1. 8x10-1 

5 . 3 ~ 1 0 - ~  
1.ox10-1 

29 

7 
11 
24 
31 

NA 
30 
22 
48 
36 

2464 
39 24 

1734 
2464 

6114 

1734 
7213 
8669 
9225 

1004 
1734 
7213 
8309 
9225 

*Measured a t  Argonne, n o t  used i n  dosimetry.  

gOSr,  and 137Cs. The s t anda rd  d e v i a t i o n  on t h i s  r a t i o  i s  15%. These r a t i o s  
were determined only  when t h e  body burden f o r  t h e  n u c l i d e  of i n t e r e s t  had 
reached a maximum. Thus a s i g n i f i c a n t  t i m e  passed on Rongelap, 2 t o  3 y e a r s  
pos t  r e t u r n ,  be fo re  a body burden comparison w a s  v a l i d .  

were lower by a f a c t o r  of  3 than t h e  h i g h e s t  f o r  any i n d i v i d u a l  i n  t h e  popula- 
t i o n .  
wise d i f f e r e d  by a f a c t o r  of 3 .  
t i o n  r a t e  and maximum va lue  d i f f e r e d  by a f a c t o r  of 4.  For t h e  n u c l i d e s  f 3 7 C s  
and 65Zn, a s u b s t a n t i a l  sub-group i n  t h e  popu la t ion ,  c h i l d r e n  and i n f a n t s ,  
rece ived  a dose e q u i v a l e n t  h ighe r  than the  popu la t ion  mean va lue .  

It was observed,  i n  a l l  c a s e s ,  t h a t  t he  popu la t ion  mean body burdens 

The popu la t ion  mean dose e q u i v a l e n t  and maximum dose e q u i v a l e n t  l i k e -  
The popu la t ion  average  d a i l y  a c t i v i t y  i n  es- 

- 118 - 



From t h e  above d a t a  o f  Lessard and Greenhouse t h e  h i g h e s t  e s t i m a t e d  ave r -  
age accumulated dose e q u i v a l e n t s  t o  t h e  t h y r o i d  g l a n d s ,  i n c l u d i n g  t h a t  from 
background, due t o  r e s i d u a l  r a d i a t i o n  exposure (from bo th  e x t e r n a l  and i n t e r -  
n a l  sou rces )  f o r  i n d i v i d u a l s  l i v i n g  f u l l  t i m e  on U t i r i k  s i n c e  1954 and on 
Rongelap s i n c e  1957 were, r e s p e c t i v e l y ,  16.3 r e m  and 4.49 rem. The dose equiv- 
a l e n t s  from 65Zn c a l c u l a t e d  f o r  t he  U t i r i k  people ( a c q u i r e d  l a r g e l y  i n  t h e  
f i r s t  y e a r  o r  two) were probably c o n s i d e r a b l y  h i g h e r  t han  those  a c t u a l l y  re- 
ceived because t h e s e  people  s u b s i s t e d  t o  a g r e a t  e x t e n t  on food s u b s i d i e s  dur- 
ing  t h e  f i r s t  few y e a r s  a f t e r  t h e  a c c i d e n t .  Also,  t h e  unexposed people re- 
t u r n i n g  t o  l i v e  on U t i r i k  probably r ece ived  lower doses  than c a l c u l a t e d  be- 
cause they g e n e r a l l y  a r r i v e d  on t h e  i s l a n d  a t  a l a t e r  d a t e  than  d i d  t h e  ex- 
posed people .  It should be  po in ted  o u t  t h a t  t he  Marsha l l e se  v i s i t  o t h e r  
a t o l l s  f o r  va ry ing  p e r i o d s  o f  t i m e ,  and t h i s  would tend t o  r educe  t h e i r  expo- 
s u r e .  Ques t ion ing  o f  t h e  i n h a b i t a n t s  brought  o u t  t h a t  they may spend as much 
as h a l f  t h e i r  t i m e  away from t h e i r  home a t o l l .  

Even though pe r sonne l  mon i to r ing  a t  Rongelap and U t i r i k  included some 
people  who may have r e t u r n e d  r e c e n t l y  and would t h e r e f o r e  have had somewhat 
lower body burdens of r a d i o n u c l i d e s  a t  t h a t  t i m e ,  t h i s  f a c t o r  is  no t  consid-  
e r e d  t o  r educe  t h e  ave rage  dose e q u i v a l e n t  estimates o f  t h e  r e s i d e n t  popula- 
t i o n  g r e a t l y  because t h e  m a j o r i t y  of t he  people  t e s t e d  had been l i v i n g  on t h e  
i s l a n d  f o r  s e v e r a l  y e a r s  o r  more. However, i n  view of t h e  es t imate  of h a l f -  
t i m e  h a b i t a t i o n  on the  home i s l a n d s ,  it does n o t  seem unreasonable  t o  assume 
t h a t  t h e  t o t a l  ave rage  dose t o  t h e  popu la t ion  from r e s i d u a l  r a d i a t i o n  might be 
about h a l f  o f  what it would have been wi th  f u l l - t i m e  r e s i d e n c e .  It  w a s  n o t  
cons ide red  n e c e s s a r y  t o  add t h e  exposure from n a t u r a l  r a d i a t i o n  acqu i red  wh i l e  
away on o t h e r  a t o l l s  s i n c e  t h e  Marsha l l e se  p o p u l a t i o n s  a re  t o  be compared w i t h  
unexposed p o p u l a t i o n s  i n  whom such exposure i s  inhe ren t . "  

S ince  most of t h e  d a t a  on r a d i a t i o n  e f f e c t s  i n  human b e i n g s  are based on 
a c u t e  exposures ,  w i th  u n c e r t a i n t y  r e g a r d i n g  t h e  degree o f  reduced e f f e c t i v e -  
nes s  o f  low-dose c h r o n i c  r a d i a t i o n  exposure,  no a t t empt  h a s  been made a t  t h i s  
t i m e  t o  add t h e  e a r l y  and r e s i d u a l  dose e q u i v a l e n t s  i n  t h e  exposed 
Marsha l l e se .  

C. B i k i n i  Dose E s t i m a t e s  

Greenhouse e t  a l .  (223) have c a l c u l a t e d  t h e  t o t a l  dose e q u i v a l e n t  t o  t h e  
B i k i n i  i n h a b i t a n t s  from bo th  e x t e r n a l  and i n t e r n a l  s o u r c e s ,  and t h e s e  d a t a  a re  
summarized i n  Tab le  7. They s t a t e  t h a t  ' I . .  . f o r  r e s i d e n c e  p e r i o d s  between t h e  
y e a r s  1969 and 1978 t h e s e  f i g u r e s  e v i n c e  a maximally exposed person r e c e i v i n g  
a whole-body dose e q u i v a l e n t  and commitment o f  3 rem, and a popu la t ion  average 
dose and commitment o f  1 . 2  r e m  from man-made r a d i o a c t i v i t y  on B i k i n i  I s l and . "  
The l e v e l s  were so low t h a t  q u a n t i f i c a t i o n  was d i f f i c u l t .  The l e v e l s  d i d  n o t  
appea r  t o  be much h i g h e r  t han  no ted  i n  o t h e r  world p o p u l a t i o n s .  

*For purposes  o f  comparison, t h e  e s t i m a t e d  whole-body doses  are n o t  v e r y  d i f -  
f e r e n t  from those  r e c e i v e d  by t h e  ave rage  U . S .  c i t i z e n  (35  r e m  i n  25 y r )  o r  
by an  i n h a b i t a n t  o f  Denver (some 7 r e m  i n  25 y r ) .  People l i v i n g  on t h e  
monozite ponds o f  South America o r  I n d i a  probably r e c e i v e  even g r e a t e r  doses  
than the  Marsha l l e se .  
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Table 7 .  Total-body dos ime t r i c  average f o r  e x t e r n a l  p lus  i n t e r n a l  sou rces  
f o r  former B i k i n i  r e s i d e n t s .  

Me an  Dose 
r e s idence  Dose equ iva len t  e q u i v a l e n t  

Popu la t ion  Number i n t e r v a l  dur ing  r e s i d e n c e  commitment 
d e s c r i p t i o n  of persons ( y r )  i n t e r v a l  (mrem) (mrem) 

Adult  males 17 4.9 
Adu 1 t females 16 4.3 
Ch i ld ren  (age  5-14) 12 4.4 

1100 
830 

1200 

110 
85 

140 

D. Other  A t o l l s  

The p o s s i b l e  dose e q u i v a l e n t s  t o  people  on some o t h e r  a t o l l s  i n  t h e  
n o r t h e r n  Marsha l l s  such as L i k i e p  and Wotje would no doubt be cons ide rab ly  
below those  t o  people  l i v i n g  on Rongelap and U t i r i k ,  and t h e  r e l a t i v e  exposure 
t o  the po ten t  s h o r t - l i v e d  i o d i n e  i s o t o p e s  would probably be cons ide rab ly  less.  
The lower contaminat ion  of t h e  i s l a n d s  i n  t h e  sou the rn  r i m  of each tes t  a t o l l  
( B i k i n i  and Enewetak) compared wi th  t h a t  i n  t h e  n o r t h e r n  areas of t h e  a t o l l  in -  
d i c a t e s  t h a t  t h e  sou the rn  t h r u s t  of t h e  f a l l o u t  w a s  much less than  t h e  east- 
e r l y  and n o r t h e a s t e r l y  t h r u s t .  

E. R e l i a b i l i t y  of E a r l y  Exposure Es t ima tes  

The absorbed dose estimates t o  t h e  exposed Marsha l lese  a r e  approximate,  
and t h e  u n c e r t a i n t i e s  i n  many of t h e  parameters  involved i n  o b t a i n i n g  them 
make i t  imposs ib le  t o  s t a t e  t h e i r  s t a t i s t i c a l  r e l i a b i l i t y .  

1. Whole-Body Doses (Gamma Rad ia t ion )  

S ince  t h e  r a d i o m e t r i c  r ead ings  on each i n h a b i t e d  i s l a n d  were r e l a t i v e l y  
uniform,  t h e  gamma doses  r ece ived  by t h e  i n d i v i d u a l s  on a p a r t i c u l a r  i s l a n d  
a r e  n o t  thought  t o  have v a r i e d  g r e a t l y .  However, t h e  c h i l d r e n ,  be ing  smaller, 
may have r ece ived  somewhat h i g h e r  doses  than  t h e  a d u l t s .  Judging by t h e  c l i n i -  
c a l  f i n d i n g s  i n  t h e  exposed people ,  t h e  dose e s t i m a t e s  d i d  no t  appear  t o  be 
f a r  out  of l i n e  wi th  what one might expec t  on t h e  b a s i s  of human and animal ex- 
posure d a t a .  The e a r l y  g a s t r o i n t e s t i n a l  symptoms implied s i g n i f i c a n t  exposure 
i n  t h e  Rongelap people .  
and Rongerik and t h e i r  absence i n  t h e  U t i r i k  group were i n  conformity wi th  t h e  
lower doses  r ece ived  by t h e s e  popula t ions .  
s i o n  (and t h e  l a c k  of c l i n i c a l  ev idence  of such depres s ion ,  wi thout  l e t h a l i t y )  
i s  commensurate wi th  t h e  dose e s t i m a t e s  i n  t h e  Rongelap popula t ion .  

The reduced symptoms i n  t h e  popu la t ions  on Ai l ingnae  

The degree  of hemato logica l  depres-  

l e s s e r  hemato logica l  dep res s ion  i n  t h e  Ai l ingnae  and Rongerik groups 
absence  (except  f o r  t h e  s l i g h t  dec rease  i n  p l a t e l e t s  d e t e c t a b l e  only 

The 
and i t s  
on a 
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popu la t ion  b a s i s )  i n  t h e  U t i r i k  group were i n  accord  wi th  t h e  e s t ima ted  lower 
doses  of r a d i a t i o n  i n  these  groups.  

2. Skin Doses 

The s k i n  exposure may have been s e v e r a l  hundred t o  a few thousand r a d s .  
Symptoms of i t c h i n g  and burning of t h e  s k i n  were widespread i n  t h e  Rongelap 
group. The l e s s e r  s k i n  symptoms i n  t h e  Ai l ingnae  and Rongerik groups and 
t h e i r  absence i n  t h e  U t i r i k  group were i n  conformity wi th  t h e  reduced f a l l o u t  
exposure of t h e s e  a t o l l s .  Also,  t h e  reduced number of "beta"  burns  and ep i -  
l a t i o n  i n  t h e  Ai l ingnae  and Rongerik groups than  i n  t h e  Rongelap group and 
t h e i r  absence i n  t h e  U t i r i k  group was i n  l i n e  wi th  the  l e s s e r  f a l l o u t  exposure 
on t h e s e  a t o l l s .  Though b e t a  burns  were numerous, p a r t i c u l a r l y  i n  t h e  
Rongelap group, t h e  s u p e r f i c i a l  n a t u r e  of t h e  l e s i o n s  wi th  r a p i d  h e a l i n g  and 
regrowth of h a i r  w a s  i n  conformity wi th  t h e  low p e n e t r a b i l i t y  of t h e  b e t a  r a d i -  
a t i o n .  The l a c k  of any evidence of ch ron ic  r a d i a t i o n  d e r m a t i t i s  o r  develop- 
ment of s k i n  cancer  i n  l a te r  y e a r s  i s  a l s o  i n d i c a t i v e  of t h i s .  

3. I n t e r n a l  Doses t o  I n d i v i d u a l  Organs o r  T i s sues  

The widespread d i f f e r e n c e s  i n  energy s p e c t r a  of t h e  i n t e r n a l l y  absorbed 
r a d i o n u c l i d e s  made c a l c u l a t i o n s  of absorbed doses  t o  t h e  whole body and bone 
marrow extremely d i f f i c u l t .  However, except  f o r  t h e  t h y r o i d ,  t h e s e  absorbed 
doses  a r e  be l i eved  t o  have been small compared wi th  the  whole-body e x t e r n a l  
expo s u r  e. 

f i r s t  pooled samples ,  a t  15 days p o s t  exposure,  i n  t h e  Rongelap and Rongerik 
personnel  showed 1311, and the  l e v e l s  were low; t h e  degree  of u r i n a r y  excre-  
t i o n  of i od ine  a t  15 days i s  u n c e r t a i n ;  t h e  amounts of p o t e n t  s h o r t - l i v e d  io-  
d ine  i s o t o p e s  p r e s e n t  a t  t h e  t i m e  of t h e  f a l l o u t ,  p a r t i c u l a r l y  on t h e  more d i s  
t a n t  a t o l l s  are unknown; t h e  r e l a t i v e  importance of a b s o r p t i o n  of radionu- 

Many u n c e r t a i n t i e s  made t h e  thy ro id  dose e s t i m a t e s  d i f f i c u l t :  on ly  t h e  

elides v i a  i n g e s t i o n  of contaminated food and water v e r s u s  i n h a l a t i o n  i s  uncer- 
t a i n ;  and t h e  thy ro id  dose i s  d i f f e r e n t  i n  a d u l t s  and c h i l d r e n  because of t h e  
s i z e  of t h e  t h y r o i d  g l and ,  e tc .*  I n  s p i t e  of t h e s e  d i f f i c u l t i e s  i t  does no t  
seem l i k e l y  t h a t  the r a d i a t i o n  doses  t o  the  thy ro ids  would be too  f a r  removed 
from those  c a l c u l a t e d  by James (19)  s i n c e  t h e r e  should be a rough propor t ion-  
a l i t y  between t h e  gamma dose estimates and t h e  amount of r a d i o i o d i n e s  i n  t h e  
f a l l o u t ,  t a k i n g  i n t o  account  t h e  t i m e  of a r r i v a l  of t h e  f a l l o u t ;  and,  as 
po in ted  out  above, t h e r e  does n o t  appear  t o  be a g r e a t  d i screpancy  between t h e  
gamma dose estimates and t h e  c l i n i c a l  f i n d i n g s .  However, t h e r e  could  have 
been cons ide rab le  v a r i a t i o n  among thy ro id  doses  i n  d i f f e r e n t  i n d i v i d u a l s  de- 
pending on t h e  amount of food and water  consumed a t  t h e  t i m e  of t h e  f a l l o u t .  
A s  po in t ed  out  e a r l i e r ,  t h e  two Rongelap boys who developed a t rophy of t h e  thy- 
r o i d  wi th  myxedema and o t h e r  c h i l d r e n  probably r ece ived  doses  cons ide rab ly  
h i g h e r  t h a n  James' estimates f o r  t h e  3-year-old c h i l d r e n  because of t h e  
smaller s i z e  of t h e i r  glands.  Other f a c t o r s  which might have c o n t r i b u t e d  t o  
t h e  h i g h e r  doses  i n  t h e  small c h i l d r e n  were ( a )  t h a t  p l ay ing  i n  c l o s e  con tac t  
wi th  t h e  contaminated ground inc reased  t h e i r  i n g e s t i o n ,  e t c . ,  which is  borne 

*See second f o o t n o t e  a t  beginning of t h i s  Appendix. 
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out  by h i g h e r  u r i n e  r a d i o a c t i v i t y ;  and ( b )  t h a t  i o d i n e  uptake i s  thought  t o  be 
g r e a t e r  i n  i n f a n t s  because h ighe r  a c t i v i t y  and metabolism of t he  gland are 
i n d i c a t e d  by t h e  f i n d i n g  of h i g h e r  protein-bound i o d i n e  i n  i n f a n t s  ( 2 3 7 ) .  It 
seems p o s s i b l e  t h a t  t he  thy ro id  doses  r ece ived  by the  two boys who developed 
myxedema may w e l l  have been i n  t h e  range known t o  produce such a n  e f f e c t .  On 
a r i s k l r a d  b a s i s  t hy ro id  tumors produced from t h e  c a l c u l a t e d  doses  of t h e  
Rongelap people  appeared t o  be about equa l  t o  those  r e p o r t e d  t o  have r e s u l t e d  
from x-ray exposure.  
Marsha l l e se  i s  due t o  r a d i o a c t i v e  i o d i n e ,  i t  i s  surmised t h a t  t h e  presence  of 
more e n e r g e t i c  s h o r t e r - l i v e d  i s o t o p e s  of i o d i n e  wi th  f a s t e r  dose r a t e s  may 
have a t  least  p a r t l y  accounted f o r  t h i s  f i n d i n g .  (See S e c t i o n  1X.D.) The 
ve ry  s l i g h t  a d d i t i o n a l  accumulat ive exposure t o  t h e  thy ro id  g lands  due t o  re- 
s i d u a l  r a d i a t i o n  on t h e  home i s l a n d s  i s  n o t  thought  t o  have added s i g n i f i -  
c a n t l y  t o  t h e i r  t hy ro id  dose.  

@ 

Since  a l a r g e  component of t h e  thy ro id  dose i n  t h e  
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Appendix 111 

GROWTH AND DEVELOPMENT DATA 

Table  1. Comparison of a d u l t  ( f i n a l )  s t a t u r e s .  

1. Exposed males 
n = 15 - 

m = 164.43 f 1.42 

2. Exposed females 
n = 22 - 

m = 154.94 t 0.76 

3. Exposed males 
(born a f t e r  3 /1 /45)  

m = 163.86 t 1.58 
n = 12 - 

4. Exposed females  

n = 13 
(born  a f t e r  3 /1 /45)  

m = 155.53 k 1.18 
- 

5. Unexposed males 

n = 8  
(born be fo re  1945) 

m = 161.74 k 1.76 
- 

6. Unexposed females  
(born before  1945) 
- n = 6  
m = 152.69 k 0.95 

7. Exposed males 
(born be fo re  1945) 

m = 166.73 ?r 3.52 
n = 3  - 

8. Exposed females  

n = 9  
(born be fo re  1945) 

m = 154.07 f 0.75 
- 

vs 

vs 

vs 

vs  

vs 

vs 

vs 

vs 

unexposed males 

m = 163.86 2 1.06 
n = 22 

unexposed females 

m = 153.10 2 0.84 
n = 26 - 

unexposed males 
(born a f t e r  3 /1 /45)  

m = 165.07 2 1.26 
n = 14 - 

unexposed females  
(born a f t e r  3 /1 /45 )  
- n = 20 
m = 152.69 k 0.95 

unexposed males 
(born a f t e r  3 /1 /45)  

m = 165.07 k 1.26 
n = 14 - 

unexposed females  
(born a f t e r  3 /1 /45 )  

m = 154.48 2 1.91 
n = 20 - 

unexposed males 
(born a f t e r  3 /1 /45)  

m = 163.86 ? 1.58 
n = 12 - 

unexposed females  
(born a f t e r  3 /1 /45)  

m = 155.54 1.18 
n = 13 - 
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5-10 

10-18 

Table 2. Final statures (cm), exposed groups (Age = chronological age 
when final stature was attained; * data too uncertain for extrapolation). 
Age (yr) Subject F ina 1 Subject Final 

Ronge lap 

3-1-54 No. ( M )  stature Age No. (F) stature Age 

0-5 2 169 .O * 17 159 .O 22 
3 160.0 * 21 150.8 20 
5 152.0 * 33 160.5 15 

23 170 .O 19 42 149.5 * 
32 166.5 * 65 147 .O 20 
54 167.9 * 69 160.0 * 
19 159 .O * 15 159.2 * 
20 161.5 18 61  154.9 19 

167.5 22 72 159.0 * 
170.1 21 47 

26 175.4 17 22 156.8 22 
35 160.5 * 24 151.5 * 
73 172.0 * 39 155.5 * 

49 154.3 * 
67 156.2 1 7  
70 151.5 20 
74 159.8 16 

36 I 

Ailingnae 
0-5 813 

814 
815 
817 
818 
863 
912 
913 
921 

164.0 
161 .O 
168.0 
172 .O 
177 .O 
165.1 
163.0 
163.0 * 

17 
20 * 
* 
* 
* 
* 
* 

* 
* 
* 
'* 
* 
* 
* 

18 * 
* 

5-10 819 * 
820 166 .O 
822 162.0 
8 24 * 
869 * 
874 * 
887 * 
892 161.3 
919 160 .O 
939 166 .O 
940 * 
976 * 
977 * 

10-18 823 167.5 * 825 153 .O 18 
827 160.6 * 826 153.6 * 
828 151.4 18 829 154.0 * 
830 163.0 21  832 147.3 * 
831 160.0 21  87 6 161 .O 20 
885 166.3 * 
967 160.0 19 
971 164.8 19 

- 1 2 4  - 

805 
811 
812 
816 
909 
911 
925 
926 
955 
960 
962 
978 
980 
996 

21  
89 1 
950 
959 
965 
993 
998 

160 .O 
148.0 
157.5 
155.0 
144.4 
148 .O 
149.4 
160.5 
154.5 
152.0 
152.0 
154.0 
153.0 
147.7 
150.1 
153.2 
155.4 
153.2 
148.5 
155 .O 
155.9 

19 
19 * 
* 
* 
* 

19 

24 
* 
* 
* 
* 

19 
16 

19 
20 
19 
18 
16 
1 7  

* 



Appendix I V  

THYROID TABLES 

Table  1. I n d i v i d u a l  l i s t i n g  o f  t h y r o i d  a b n o r m a l i t i e s  i n  Marsha l l e se ,  1980. 
T h i s  does n o t  i nc lude  c a s e s  wi th  i n d i s c r e t e  t h y r o i d  masses.* 

Under "Hypofunction," two TSH l e v e l s  >6 pU/dl w e r e  cons ide red  p o s i t i v e ,  excep t  
t h a t  i n  p r e s u r g i c a l  c a s e s  one such level was cons ide red  p o s i t i v e  because on ly  
one o r  a few samples were a v a i l a b l e  f o r  t e s t i n g ;  two l e v e l s  >3 were cons ide red  
sugges t ive .  Ca = carcinoma. 

- 

E s t .  Thyroid Nodu la r i t  ies Hypofunction 
t h y r o i d  

P t .  N o .  Age dose Age a t  
& sex 1979 ( r a d s )  d e t e c t i o n  Surgery Diagno s is  TSH ( pU/dl) 

( a )  Rongelap exposed a t  age <10 ( i n c l u d e s  2 i n  u t e r o :  No. 83  and 85)  -- 
3 M 26 
5 M 26 

33 F 26 
54 M 26 
65 F 26 

2 M 27 
17 F 28 
19 M 30 
21 F 28 
42 F 28 
23 M 29 
69 F 29 
72 F 31 
15 F 32 
20 M 32 
36 M 32 
61 F 33 
32 M 28 
83 M 25 
85 M 25 

1150 
1150 
1150 
1150 
1150 
1100 
1050 
1000 
1050 
1050 
1000 
1000 
900 
855 
855 
855 
810 

1050 
? 
? 

13 
13  
13 
1 2  
12 
14 
13 
13 
19 
15 
14 
17 
18 
21 
20 
28 
24 
25 

Bost.  '66 
Bost .  '68 
Bost. '66 
Bost .  ' 65  
Guam '64 
Bost.  '68 
Guam '64 
Bost .  '66 
Bost. ' 68  
Guam '64 
Cleve. '69 
Cleve. '69 '79 
Bost. ' 65  
Cleve. '69 
Bost. '66 

Cleve. '74  
Cleve. '79 

Adenoma t ous nod. 
11 I 1  

I' II 

II II 

I' II 

I 1  'I 

II I' 

II I t  

II II 

II II 

P a p i l l a r y  Ca 
Adenomatous nod. 

II 11 

II I 1  

II I 1  

I 1  II 

Hyperpl. nodule  

>400 (myxedema) 
II 'I 

22 

22 

6 . 2 ,  8 .2  

4 70 
4.9 
4.7 

5.2,  6.7 
6.7,  7.3 

( b )  Rongelap exposed a t  age 10-18 

75 F 40 655 24 Cleve. '72 Adenoma 
67 F 38 5 20 24 Nodules '74 
74 F 40 425 32 Cleve. '76 P a p i l l a r y  Ca 

*Three c a s e s  (2 exposed and 1 c o n t r o l )  are n o t  i nc luded  i n  t h e  t a b l e  s i n c e  nod- 
u l e s  p a l p a t e d  c l i n i c a l l y  d i d  n o t  r e v e a l  demonstrable  pathology a t  s u r g e r y .  
(See Table  3 ) .  
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Table 1 ( c o n t ' d )  

E s t .  Thyroid Nodular i t  ies Hypo f unc t ion  

thy ro id  
P t .  No. Age dose Age a t  
& sex 1979 ( r a d s )  d e t e c t i o n  Surgery Diagnosis TSH (lJU/dl) 

( c )  Rongelap exposed a t  age >18 

18 F 
64 F 

4 M  
78 F 
7 1  F 
34 F 
66 F 

45 
55 
63 
62 
52 
70 
55 

335 
335 
335 
335 
335 
335 
335 

34 
41 

55 

Cleve. '69 
Bost. ' 65  

Cleve. '79 

P a p i l l a r y  Ca 
P a p i l l a r y  Ca 

Adenomatous nod. 

6 .0 ,  7.0 
6.6, 8.8 
6.5,  7.0 
6.3, 8.3 

( d )  Ai l ingnae  exposed a t  age <10 

450 18 Cleve. '72 Adenomatous nod. 
320 28 Cleve. '81 Occult  Pap. C a  

8 F 26 
5 3  F 33 and adenomatous nod. 

( e )  Ai l ingnae  exposed a t  age 10-18: NONE 

(f) Ail ingnae  exposed a t  age >18 

Cleve. '74 Adenoma 135 45 
Adenomatous nod. 135 51 Cleve. ' 7 3  

135 Nodule 
135 53 Bost.  '66 Adenomatous nod. 

51 F 50 
45 F 57 
41 M 69 
59 F -- 

16 M 64 135 
(d i ed  ' 68 ,  age 54) 

6.4,  6.5 

( 8 )  U t i r i k  exposed a t  age <10 

25 Cleve. '75 P a p i l l a r y  Ca 

reduced '79 

80 
75 28 Nodule 

Adenomatous nod. 

2160 F 29 
2154 F 31 

2147 F 26 90 25 Cleve. '79 
Cleve. '81 2239 F 28 80 28 

80 27 Cleve. '81 2132 F 27 

I' 1' 

1' I' 

(h)  U t i r i k  exposed a t  age 10-18 

2150 M 37 54 33 Cleve. '76 Adenoma 
2229 F 43 31 32 Cleve. '69 P a p i l l a r y  Ca 

2236 M 36 55 34 Hono. '78 Adenoma 
vs. a t y p i c a l  adenoma 

63 
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Table 1 ( c o n t ' d )  

E s t .  Thyroid Nodular it ies Hypo f unc t ion  
thy ro id  

P t .  No. Age dose Age a t  
& sex 1979 ( r a d s )  d e t e c t i o n  Surgery Diagnosis  TSH (PU/dl) 

U t i r i k  exposed a t  age >18 

2194 F 62 
2208 F 60 
2212 F 60 
2221 F 79 
2258 M -- 

2193 F 54 
2195 F 49 
2215 F 58 
2196 F 61 

31 
31 
31 
31 
31 

31 
31 
31 
31 

58 
53 
53 
73 
60 

53 
48 
58 
61 

Cleve. 
C 1  eve. 
Cleve. 
Cleve. 

Cleve. 
Cleve. 
Cleve. 
Cleve. 

76 
73 

'73  
' 73 

79 
79 

' 79 
' 80 

P a p i l l a r y  Ca 
Adenomatous nod. 

1 1  I 1  

' I  I 1  

Adenoma tous  nod. 
(d i ed  ' 70 ,  age 63) 

I 1  I 1  4.6(presurg . )  
I 1  I 1  

Occult  Pap. Ca 
Adenomatous nod. 

Thyroid Nodu la r i t  ies  Hypof unc t ion  

& sex 1979 A t o l l  Surgery Diagnosis  TSH (pU/dl) 
P t .  No. Age 

( j )  Unexposed Marsha l lese  age t10  i n  1954 (940, i nc ludes  unborn: age <25 i n  1979) 

1573 M 29 Ronge l a p  Hono. '78 P a p i l l a r y  C a  
3074 F 26 U t  i r  i k  Majuro ' 75  Adenoma 
2279 M* 23 U t i r i k  Hono. '74,  F o l l i c u l a r  Ca 

Cleve. ' 7 9  
Nodular L t .  lobe 

( ? >  Adenomatous nod. 
Nodule 

' 1  

2365 F** 24 U t i r i k  
3555 F** 22 U t  ir i k  Majuro ' 7  
5061 F 26 Wot je 

F 26 Wot je  
5027 M 33 Wot je  Hono. ' 78 

980 F 27 Ronge 1 ap Cleve. '8  
P a p i l l a r y  C a  
Adenomatous nod. 

~ ~ ~ ~~ ~~~~~ 

**Not i n  matched age group. 
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Table 1 ( c o n t ' d )  

Thyroid Nodular it ies Hypofunction 
P t .  No. Age TSH (pU/dl) 
& sex 1979 A t o l l  Surgery Diagnosis 

(k )  Unexposed Marsha l lese  age 10-18 i n  1954 

829 F 40 Ronge 1 ap Cleve. '73 
938 F 40 Ronge l a p  Majuro ' 7 1  

3015 F 41 U t i r i k  
3028 F 39 U t  ir i k  Cleve. ' 79  
5030 M 36 Wotje Cleve. ' 7 9  
3023 F 39 L ik iep  Cleve. '79 
1536 M 36 Ronge 1 ap 

( 1 )  Unexposed Marsha l lese  age >18, i n  1954 

Adenomatous nod. 

Nodule L t .  lobe 
Adenomatous nod. 

'I 'I 

'I 'I 

1' 'I 

7 . 7 ,  6.3 

882 M 
841 F 
858 F 
867 F 
898 F 

4009 M 
4023 F 

910 M 
1524 M 
1575 F 
4014 F 

982 F 
1007 M 
3042 F 
3058 F 
3006 M 
5059 F 
5074 F 
5053 F 
3096 F 

M 
M 
F 
M 

47 
46 
80? 
51 

J'7 0 
34 
45 
49 
37 
73 
62 
59 
68 
51 
52 
78 
49 
53 
68 
55 
69 
? ( o l d )  
73 
73? 

Ronge 1 ap 
Ronge l a p  
Ronge 1 ap 
Rongelap 
Ronge 1 a p  
Rongelap 
Ronge l a p  
Rongelap 
Ronge 1 ap 
Rongelap 
Ronge 1 ap 
Rongelap 
Ronge 1 ap 
U t i r i k  
U t i r i k  
U t i r i k  
Wot je 
Wot je  
Wot je 
Wot je  
L i k i e p  
L ik iep  
L ik iep  
L ik iep  

Cleve. '74 

Hono. '78 

Hono. '78 

Cleve. ' 7 7  
Hono. '78 
Hono. '78 
Cleve. '79 
Cleve. '79 

Cleve. '79 

Nodule 
Occult Pap.  Ca 
Large g o i t e r  
Adenoma tous  nod. 
Nodules 
Nodule, R t .  lobe  
Adenomatous nod. 
Nodule 
Sma 11 nodules 
Nodules (no s u r g . ;  poor h e a l t h )  
Nodules 0' I' 

P a p i l l a r y  Ca 
Pap.-Follic.  Ca 
Adenomatous nod. 
Adenoma 
Adenomatous nod. 
Nodule 
Nodule 
Adenoma tous  nod. 
Nodule R t .  lobe 
Nodule R t .  lobe 
Nodule R t .  lobe 
Nodular L t .  lobe 

" 1 I' 

6.3,  6 .5  
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Table 2 .  Thyroid hypofunct ion as i n d i c a t e d  by TSH l e v e l  i n  PUldl. 
(Two TSH l e v e l s  - >6 pU/dl were cons ide red  p o s i t i v e  evidence of 
hypofunc t ion ,  o r  one such l e v e l  i n  p r e s u r g i c a l  c a s e s ,  which 
was o f t e n  a l l  t h a t  w a s  a v a i l a b l e  b e f o r e  s u r g e r y ;  two TSH l e v e l s  
- >3 pU/dl were cons ide red  s u g g e s t i v e . )  

~~~~~ ~~ ~ 

P t .  No .  Age 1963 1966 
ti sex 1979 1966 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 

Rongelap exposed, i n c l u d i n g  Ai l ingnae  

Pos i t  i v e  

3 M  
4 M  

5 M  
16 M 
34 F 

7 1  F 
78 F 

2 M  
19 M 

33 F 
69 F 
83 M 

74 F 

32 M 

26 
63 

26 
64 
69 

52 
61 

26 
30 

26 
29 
25 

40 

28 

Sugges t ive  

47 M 32 

76 M 35 

7 M 60 

63 F 60 

15 F 31 

7 2  F 31 
45 F 56 

22.0 
2 . 7  3.2 6.0 

500.0 475.0 
4.6 1 . 2  5.0 6.0 

1.9 

4.4 11.6 7.0 
1.4,  
2.3 

22.0 
6.9,  
8 . 2  

22 .o 
470.0 

5.2,  
6.7 

16.3 
5.3, 

4.7, 
1 . 3  

<1 .o 

2.4 2.5 

2.6, 1.6 3 .9 ,  3.3 
3.3 7.0 
2 .8  1 . 2  1.9 

2.9 c1.0,  Q.5 

3.5,  
1 .6  

4.7 

3 .0 ,  
2 .0  

4.9 

>60 
7.0 3.5 

32 .O 
5.3 
6.3 4.8 

10.0 6.5 
5.2 c1.2 

5.4 

3.2 
5.4 

>500 

4.1 6.4 
4.2 3.6 

7.0 4.1 
6.6 3.0 

>40 
1.8, 
4.8 
>40 
6.5 
8.3,  
1.5 
4 .8  
8.8 

2 . 8  
2 . 7  

35.0 

c2.5 

7.0 4 . 2  

4.7 c1.2 

2 .1  <1 .2  

6.3 c1.2 

2 .o 

1.5 

3.3 

3 . 2  6 .7 ,  
6.7 

7.3 

3 . 2 ,  2.8 
2.3 
3.2,  2 .8  
1.6 

2.3 
2.6 2 .2  

5 .3 ,  1.0 

5 .O 

1 .o 

2.2  

5.5 

c2.5 

c2.5 

4.1 

c2.5 
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Table 2 ( c o n t ' d )  

P t .  No. Age 1963 1966 
& sex  1979 1966 1 9 7 1  1972 1973 1974 1975 1976 1977 1978 1979 1980 

U t  ir i k  expo sed 

P o s i t i v e :  NONE 

Sugges t ive  

2237 M 32 
2218 F 25 

2104 F 48 

2140 F 70 

2232 M 26 
2254 F 30 
2197 F 28 

P r e s u r g i c a l  

2215 F 58 

2193 F 56 

3.6 

4.9 <5.0 

Unexposed, Rongelap and U t i r i k  

P o s i t  i v e  

4.8 4.8 

982 F 59 
1519 M 36 

5.6 4 .  

1 .5  3.5 4.0 
3.2 3.5 4.3 5.4 6.5,  <2.5 

2.6 5.3 3.6 4 .6 ,  2.8 
2.4 

3.2 
< I  .2 2.9 5 .6 ,  4 .3  

7.0 

2.4 3 . 6  4 . 6  
3.7 4.4 7.3 5.4 

3.5 
1.1 2.4 3.5 4 . 6  

1.8 

8 .2  
Po s 
4.6 
sug  

6.2 6.3 6.5 
7 .7  2.3 6.3 

Sugges t ive  

3006 M 78 
1556 F 34 

4.0 4.6 4.5 
5 .O 2.4 3.4 
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Table 3. Thyroid surgery, chronological listing 
(ca = carcinoma; pap. = papillary; foll. = follicular). 

Pt. No. Isl.1 Age at Yr. of Place of 
& sex exp. surgery surgery surgery Diagnosis 

17 F 
69 F 
21 F 
2 M  
20 M 
64 F 
33 F 
65 F 
42 F 
61 F 
59 F 
544 M 
23 M 
19 M 
72 F 
15 F 
18 F 
36 M 

2229 F 
938 F 
75 F 
8 F  

2208 F 
2212 F 
2221 F 
40 M 
45 F 
829 F 
837 M 
51 F 
841 F 
2160 F 
3074 F 
2150 M 
2194 F 
74 F 
37 M 

2261 M 
1007 M 
2236 M 

R- E 
II 

1 1  

11 

11 

11 

1 1  

II 

I t  

11 

A- E 
R- E 

11 

1 1  

11 

11 

11 

11 

U-E 
R-C 
R- E 
A-E 
U- E 
II 

11 

R-E 
A- E 
R-C 
R- E 
A-E 
R- C 
U-E 
u-c 
U-E 

R-E 
I t  

1 1  

U-E 
R- C 
U-E 

14 
17 
13 
13 
18 
41 
13 
13 
15 
20 
46 
13 
18 
17 
22 
22 
36 
22 
33 
32 
30 
19 
54 
54 
73 
48 
51 
34 
20 
45 
41 
25 
25 
34 
59 
34 
43 
50 
66 
35 

1964 
I 1  

II 

1965 
I t  

11 

1966 
II 

II 

II 

II 

1968 
1 1  

II 

1969 
1 1  

II 

1 1  

1 1  

1971 
1972 

1973 
II 

I 1  

11 

11 

1 1  

II 

1974 
II 

11 

1975 

1976 
II 

II 

II 

1977 
II 

11 

1978 

2 Guam 
I 1  

II 

Boston3 
II 

I 1  

II 

11 

I 1  

II 

II 

11 

II 

II 

clev.5 
II 

II 

II 

1 1  

Majuro6 
Clev. 

II 

I 1  

II 

II 

11 

II 

I t  

I t  

II 

II 

11 

Ma juro 
Cleve. 

II 

I t  

11 

I 1  

II 

8 Hono . 

Adenomatous nodule 
11 II 

II 11 

1 1  II 

II II 

Ca (pap.) 
Adenomatous nodule 

II I 1  

I 1  I 1  

11 1 1  

II II 

I 1  11 

II I# 

II II 

Ca (pap.) 
Adenomatous nodule 
Ca (pap.) 
Adenomatous nodule 
Ca (pap.) 
Adenomatous nodule 

1 1  11 

II II 

II II 

I 1  II 

I 1  I 1  

No diagnosis 
Adenomatous nodule 

II 1 1  

II II 

Adenoma 
Occult Ca 
Ca (pap.) 
Adenoma 

Ca (pap.) 
Ca (pap.) 
No diagnosis 

Ca (pap.) 
Adenoma 

II 

11 11 
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1 

Table 3 (cont'd) 

Pt. No. Isl. Age at Yr. of Place of 
& sex exp. surgery surpery surgery Diagnosis 

1 

3042 F 
3058 F 
1573 M 
867 F 

4023 F 
5027 M 
66 F 
857 M 

2193 F 
2195 F 
2215 F 
3023 F 
5030 M 
5059 F 
2147 F 
1556 F 
3006 M 
3096 F 

15 
2279 M 

M 
3555 F 
53 F 

2239 F 
2132 F 
2196 F 
980 F 

u-c 
R-C 

11 

11 

11 

w-c 
R-E 

U-E 
11 

11 

II 

u-c 
w-c 
U-E 
R- C 
u-c 
w-c 
R-E 
u-c 

11 

II 

I 1  

R-E 
U- E 
U-E 
U- E 
R-C 

50 
56 
28 
50 
44 
32 
54 
25 
56 
49 
58 
39 
36 
49 
30 
34 
78 
56 
32 
18 
23 
13 
35 
30 
28 
63 
29 

11 

11 

II 

11 

I1  

11 

1979 
II 

11 

I 1  

I t  

I 1  

I 1  

I 1  

11 

I1 

11 

II 

I t  

1974 
1979 
1970 
1981 
1981 
1981 
1980 
1981 

II 

11 

I t  

11 

I 1  

I t  

Cleve. 
II 

I 1  

II 

I t  

II 

11 

I 1  

I 1  

I t  

11 

II 

II 

Hono . 
Clev. 
Majuro 
Cleve. 

11 

1 1  

11 

11 

Ca (pap.-foll.) 
Adenomatous nodule 
Ca (pap.) 
Adenomatous nodule 

Ca (pap.) 
Adenomatous nodule 

II V I  

11 II 

11 11 

I 1  11 

Occult pap. Ca 
Adenomatous nodule 

11 I 1  

II 11 

11 11 

Norma 1 
Adenoma 
Adenomatous nodule 

Ca (foll.) 
Recurrent Ca 
Adenomatous nodule 
Occ. pap. Ca 
Adenomatous nodule 

I1 II 

11 11 

11 11 

Adenoma 

lR-E = Rongelap exposed; R-C = Rongelap unexposed; A-E = Ailingnae exposed; 

2Surgery at U. S. Naval Hospital, Guam, M.I., by Dr. Broadus. 
3Surgery at New England Deaconess Hospital, Boston, MA, by Dr. B. Colcock. 
4Died of acute myelogenous leukemia 1972. 
5Surgery at Cleveland Metropolitan General Hospital, Cleveland, OH, by 

6Surgery at the Ishoda Memorial Hospital, Majuro, M.I. 
7Exposed in utero. 
8Surgery at Tripler Army Hospital, Honolulu, Hawaii, by Dr. B. Dobyns. 

U-E = Utirik exposed; U-C = Utirik unexposed; W-C = Wotje unexposed. 

Dr. B. Dobyns. 
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Table 4. Es t imated  thy ro id  r i s k  due t o  r a d i a t i o n  f o r  exposed Marsha l lese  27  
y e a r s  a f t e r  exposure.  (Correc ted  f o r  inc idence  i n  age-matched 
unexposed popula t ions . )*  

Nodules Hypo thy ro id  A 1  1 
Age Av . 

erOuD No. dose Total** Risk C a  Risk No. Risk No. Risk 

Rongelap 
< 1 o*** 19 
>10 45 
T o t a l  64 

A i  1 ingnae 
< 1 O*** 6 
>10 1 2  
T o t a l  18 

U t i r i k  
<lo*** 58 
>10 100 
T o t a l  158 

A 1  1 
< l o  83 
>10 157 
T o t a l  240 

- 

1000 14.6 
38 7 2.5 
569 1 7 . 1  

3 79 1.8 
140 3.1 
2 33 4.9 

84 3.5 
35 4.2 
53 7.7 

3 14 19.9 
144 9.8 
203 29.7 

28.5 
5.3 

17.4 

29.3 
68.3 
43.3 

26.6 
44.4 
34.1 

28.3 
16.1 
22.6 

0.8 
2.6 
3.4 

0.5 
1.2 
1.7 

1.3 
3.8 
5.1 

1.6 
5.5 
3.5 

3.8 
12.7 
7.5 

1.8 
6.2 
3.9 

3 
3.8 
6.8 

1 .o 
1 .o 

3.0 
4.8 
7.8 

5.8 
8.1 
6.9 

22.0 
8.8 

4.3 
7.9 
5.9 

17.6 
6.3 

23.9 

1.8 
4.1 
5.9 

3.5 
4.2 
7.7 

22.9 
14.6 
37.5 

34.3 
13.4 
24.3 

29.3 
90.4 
52.1 

26.6 
44.4 
34.1 

32.5 
23.9 
28.6 

*Since i t  i s  p o s s i b l e  t h a t  t h e  thy ro id  doses  used may be t o o  low, on t h e  
b a s i s  of r e e v a l u a t i o n  ana lyses  now i n  p r o g r e s s ,  t h e  above r i s k  e s t i m a t e s  may 
be  t o o  h igh .  I f  t h e  a c t u a l  y e a r s  a t  r i s k  were used,  i . e . ,  y e a r s  u n t i l  
development of abnormality or death, the total number of years would be 
reduced and t h e  r i s k  f a c t o r s  would be h ighe r .  The cancer  r i s k  i s  probably 
underes t imated  s i n c e  a number of people  with nodules  were no t  opera ted  upon. 
The r i s k  f o r  benign nodules  w a s  n o t  inc luded  s i n c e  a l a r g e  number of 
unoperated c a s e s  were l i k e l y  t o  have been benign. 

**Includes a l s o  unoperated cases .  
***Does n o t  i nc lude  t h e  groups exposed i n  u t e r o  because of dose u n c e r t a i n t y .  -- 
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A p p e n d i x  V 

F i n d i n g s  of E p i d e m i o l o g i c a l  S t u d i e s  of C a n c e r  i n  I r r a d i a t e d  P o p u l a t i o n s  

( F r o m  J .  S h a p i r o ,  R a d i a t i o n  P r o t e c t i o n ,  p p .  260-4, H a r v a r d  U. P r e s s ,  C a m b r i d g e ,  MA, 1972)  

No. of cases 

Observed Expected 
Follow-up Dose No.  of Form of in exposed if  no t  
t ime ( y r )  ( R  o r  rads) personsa cancer groupb exposed‘ 

I .  Hiroshima dnd Nagasaki A-bomb 
survivors ( b o m b  exploded 1945)  
Brill e t  al , 1962 ( 8 1 )  

survivor9 ( w o m e n )  Wanebo 
et  a l ,  I 9 6 8  ( 2 3 8 )  

2 Hiroshima and Nagasaki A-bomb 

3.  Hiroshima and  Nagasaki A-bomb 
survivors exposed prenatally.  
Jab lon  and  Kato ,  1 9 7 0  (93) 

4 .  Japanese A-bomb survivors exposed 
within 1400  m of de tona t ion  (died 
1950-1962) .  Angevine and Jab lon ,  
1964 ( 95) 

5.  Children exposed prenatally d u e  to 
abdominal  x-ray to m o t h e r  ( e x -  
posed 1945-1956 and  died before 
end  of 1958) .  Cour t  Brown et 
al.,  1960  ( 2 3 9 )  

in 1947-1 9 5 4  and  died before end 
of 1960) .  MacMahon. 1962 ( 2 4 0 )  

6. Children exposed prenatally (bo rn  

7. Infants w h o  received irradiation.of 
chest  before age 6 m a .  in t reat-  
ment  for  enlarged t h y m u s  ( t reated 
1926.1957; follow-up in 1963) .  
Hempelmann et a l . ,  1967 ( 1 6 0 )  

8 .  Infants irradidted routinely with 
x-rays to anter ior  mediastinum 
through small ( 4  X 4 c m )  po r t ,  7 
days  after bir th ,  as “apparently 
harmless and perhaps beneficial 
p rocedure”  (x-ray 1938-46 ,  fol- 
low-up 1956-58).  Conti e t  al.. 
1960 ( 1 4 6 )  

head ,  neck ,  or chest  for  various 
benign conditions.  mainly “en- 
larged” t h y m u s  and  adenitis .  
treated before age 16 and  fol- 
lowed t i l l  age 23.  Saenger et 
al., 1960  ( 2 0 2 )  

x-rays for  enlarged thymus ,  
pertussis, and  head and  neck 
diseases; and  died before age 
23 ( t reated 1930-1956;  follow- 
up  1940-1956) .  Murray et 
al.. 1959 ( 2 4 1 )  

9. Children treated with x-ray.; to 

I O .  Children treated before age 16 with 

5-1 3 

13-2 I 

I O  

17 

2-1 2 

4-1 3 

13-3X 

10-20 

0-20  
2 1-80 
XI-320 

0-9 
10-39 
40-89  
90-199 

>200 
Unknown 
Unexposed 

control  
>64 ,5  00 
perwn-radsd  

1 - 2  

6 1-600 

75-450 
mostly 150 

> I I  < 5 0 ( 4 % )  
( 8 3 % )  50-200 ( 3 6 % )  

200-600 ( 3 3 4  1 

85,070 
13 ,184  
8.695 

3 , 0 8 2  
1.262 

857  
802  
8 4  I 
8 4 0  

2.458 

Leukemia 
Leukemia 
Leukemia 

Breast cancer 
Breast cancer 
Breast cancer 
Breast cancer 
Breast cancer 
Breast cancer 
Breast cancer 

21 
6 

24 

3 
S 
2 
5 
6 
2 
2 

1,292 All cancers I 

I ,2 I5  All cancers,  61 
autopsies except leukemia 

19  I 
3.0 
2.0 

7 .3  
3 
2 
2 
2.3 
2.3 
6.1 

0 .75  

56 .8  

39.1 6 6  Leukemia 9 10 .5  

85  6 0  77 .000e  All cancers 

Lower dose  Thyroid  4 0 0 7  
.80 

3 1 4 5  
group Thyroid (benign)  6 
2 ,207  Leukemia 

(32 ,226  per- 
son yr at  
risk)‘ 

Higher dose  Thyroid  14 .06  
g roup’  Thyroid  (benign)  I5  .60 

4 9 8  Leukemia 3 .57 
i I 1,485 per- 

son yr at 
r isk)  

0 . 0 3  
includ- Leukemia 0 0.95 
ing 2 4 4  
with en.  
larged 
t h y m u s  

1 ,401 ,  Thyroid  carcinoma 0 

1 ,644  Thyroid  I I  0 
Thyroid  (benign)  7 0 

Up to 23 N o t  given 3 ,872  Leukemia 7 I .4 

- 134 - 



No of case\ 

Observed f 'xpected 

Subject ot s tudy  t ime ( y r )  ( R  o r  rads)  personsd cancer grouph exposed' 
Follow-up Dose No of F o r m  of in exposed i f  not 

I I Pat ients  ( m o s t  between ages 10-40 100-2000 1 V 5  Thyroid 8 0 1  
r ,  10-40) t reated with x-rays 

lo r  benign le\ions in neck, U mainly lo r  tuherculou\  ddeni t i \  
( t reated between 1920-50) 
Hanford et a l  , 1962 (158) 

12. Pat ients .  ages 20.70. tre'ited 
with x-rays to thyroid for  
hrnign disorder \  DeLdwter 
dnd  Winship. 1963 (150) 

13. Hyper thyro id  pdt i rnts  trcdted with 
I ( t reated 1946-64. followup 1 . 3 1  

through J u n e  1967). Saenger 
e t  d l . ,  1968 ( 2 5 0 )  

Comparison group t reated hy  surgery 
a n d  not given ' I i  I Saenger et ,i~ , I 968 
( 2 5 0 )  

14 Hyper thyro id  pat ients .  ages  20-60 
treated with x-rays ( t rea ted  
1V46-53. follow-up lV59-61 I 
Sheline et al , 1V62 (178) 

spine for  d n k y l os1 ng r p o  n d y 1 i t  I \ 

( t rea ted  1935-54.  follow-up to 
Jdn 1963) Cour t  Brown and 
Doll, 1965 ( 2 4 2 )  

16. Pat ients  t reated w i t h  x-rays for  
cancer of the  cervix Hutchison. 
1968 ( 2 4 3 )  

I 7  American radiologists idled lV4X- 
1964). Lewis, 1 9 7 0  ( 2 4 4 )  

I S .  Patients  t reated with x-ray\ to 

18. American radiologists Warren and 
Lombard ,  1966. ( 2 4 5 )  

I9 Arnericdn radiologi\t\ Selt\ei 
a n d  Sartwell. 1965 ( 2 4 6 )  

10-35 1500-2000 

3-2 I 

5-1 5 Not pivrn 

5 - 2 X  

4-8 

1 2 2  rhyro id  0 

7-1 5 rdd\ to hone  IX.370 Leukemia 
nidrrow ( V  mC'i ( I I V.000 

d l  r isk)  

10.72 I 

I d V  1 person yr  131 

( I 14.000 Leukemid I 6  
person yr 
d t  r isk)  

I X1 Thyroid  (probable) I 
Multiple benign 

t 11 yr CI id nodule\  

250-2500 t o  \ p ind l  14.302 Leukemia 
nidrrow. dpprox (165.03 I Aplastic anemia 
7 7  of \pin21 dose man yr ( 'ancer of heavily 
to o ther  sensitive a t  risk 1 irradiated sites 
ared\ ( a f t e r  6 y r )  

27.7'13 Leukemia 300-1 500 av 
(31'&) to  hone  ( 5 7 . 1 2 1  Lyniphdtic 

p e r w n  y r l  malignancy 

d ea t I]\ 

<4 ( 6 V ' 4 )  milrrow 
I hrough 5 30 Leukemia 

I 9 6 4  M ti I t i plr myeloma 
Aplar t i c  anenrid 

T h rough S . V X ?  Leukemia 
I 960 I Y40-44 

I v45-4') 
1950-54 
IV55-60 

I Y 3 5 - 5 X  3.511 
(48,895 Ages 35-49 

person y r )  Leukemia 
Other  cancer 
Tota l  dea ths  
Ages 50-64  
Leukemia 
Other  cancer 
Total deaths 
Ages 65-19  
Leukemia 
Other  cancer 
Tota l  dea ths  

1 7  11.9 

7 

60 
16 

200 

4 

6 
13 
5 
$ 

4 
7 
6 
7 

7 

9 
7 9  

8 
5 4  

339 

9 
7 2  

438 

I1 4 

6.8  
61 

I 0 7  

5 1  

6 3  
3 91 
1.01 

23 

0.5 
86 

I 26 
2.05 

I .Y 
7 3  

61 5 

I 1  
3 2  

271  5 

4 . 1  
4 8  

295 
20. Radium dial painters and  o thers  More than  4 0  4 2 0  Hone No significant clinical signs 

of malignancies for  body 
hurdens <0 5 p('i 226 Ra 

w h o  ingested radium a n d  
thor ium.  Evans, 1967 (251)  

gas and  decay product.;, follow- 
u p  1950-63 Wagoner et a l . .  
1965 ( 2 3 4 )  

2 I Uranium miners exposed to radon 3 .415  Lung _ _  7 1  5.7  

"This refers to the  number  of individuals at risk unless otherwise specified. 
b T h e  information needed to determine the  number  of cdses is obtained by ei ther  following a designated s tudy  population 

'The numbers  in th i s  co lumn are  hased o n  available \ t a t i \ t i c a l  d;ita for  unexposed populations 
d T h e  te rm person-rads pertains to the  dose imparted to a population dnd ir equ.11 to the  rum of the  dose\ incurred 

eThis figure is based.on a systematic sampling ot t h e  population rather  than d review of dl l  the  records 
'The te rm person years  a t  risk is the  sum of the  numher  oC years in which t h e  disease could develop in zdch memher  of t h e  group 

o r  by working back f r o m  a review of all death czrtificates in a defined geographical area 

by  t h e  individuals in  the  population 

/ \  
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Appendix V I  

A SUMMARY OF THE FINDINGS OVER THE 25-YEAR PERIOD ON THE 
JAPANESE FISHERMEN EXPOSED TO FALLOUT I N  1954 

Toshiyuki  Kumatori, M.D. 
D i r e c t o r  General ,  Na t iona l  I n s t i t u t e  of Rad io log ica l  Sc iences  

0-1, Anagawa 4-chome, Chiba-shi,  Chiba 260 Japan 

On March 1, 1954, 23 Japanese  f ishermen aged from 18 t o  39 were exposed 
t o  r a d i o a c t i v e  f a l l o u t  produced by a thermonuclear t e s t  exp los ion  performed by 
U.S. a u t h o r i t i e s  a t  B i k i n i  A t o l l .  They were the  crew of a tuna  f i s h i n g  b o a t ,  
The 5 th  Lucky Dragon. 

The l o c a t i o n  of t he  boat  w a s  166'58' E and 11'53' N .  A t  about 3:50 a.m. 
( Japanese  s t anda rd  t ime)  while  f i s h i n g  f o r  tune,  they saw a huge red  l i g h t  i n  
t h e  w e s t ,  and they heard d e t o n a t i o n l i k e  sounds 7 t o  8 minutes  l a t e r .  A t  about  
7 a.m. wh?te ashes  began t o  f a l l  on the  boa t  and cont inued t o  f a l l  f o r  about  
4.5 hours .  A f t e r  14 days '  n a v i g a t i o n ,  t h e  f ishermen r e tu rned  t o  t h e i r  h a r b o r ,  
Yaizu,  on March 14,  1954. A f t e r  l and ing ,  a l l  were found t o  have been i n j u r e d  
by the  r a d i o a c t i v e  m a t e r i a l s .  
U n i v e r s i t y  Hosp i t a l  and the  o t h e r  16 were s e n t  t o  the F i r s t  Nat iona l  H o s p i t a l  
of Tokyo by March 28. They w e r e  d i scharged  from both h o s p i t a l s  i n  May 1955, 
except  f o r  one f a t a l  case  who d i e d  on September 23, 1954. A f t e r  be ing  d i s -  
charged,  most of them have been examined so f a r  as p o s s i b l e  on an annual  
bas  i s .  

Seven of them were h o s p i t a l i z e d  i n  t h e  Tokyo 

A. Mode of I r r a d i a t i o n  and Est imated Rad ia t ion  Dose 

During the  most i n t e n s i v e  f a l l o u t  the  f ishermen could not  keep t h e i r  
mouths and eyes open. F a l l o u t  depos i t ed  on t h e  deck was t h i c k  enough t o  show 
f o o t p r i n t s .  I r r a d i a t i o n  was r ece ived  i n  the  fo l lowing  t h r e e  ways: 

From t h e  r a d i o a c t i v e  m a t e r i a l s  adher ing  t o  t h e  s k i n .  
E x t e r n a l l y  from the  r a d i o a c t i v e  m a t e r i a l s  i n  the  cab ins ,  on the  deck, e t c .  
I n t e r n a l l y  from t h e  r a d i o a c t i v e  m a t e r i a l s  e n t e r i n g  v a r i o u s  organs.  

exposure w a s  d i f f i c u l t .  On t h e  o t h e r  hand, t h e  e s t ima ted  e x t e r n a l  r a d i a t i o n  
dose was $170 t o  600 r ad  f o r  14 days,  about h a l f  o r  more be ing  r ece ived  on the  
f i r s t  day. 
boa t  and the  p o s i t i o n  of h i s  cab in .  

about 20 t o  120 rad  by e x t e r n a l  count ing.  
t opes ,  mainly 1331 and 1351, c o n t r i b u t e d  t o  t h e  i r r a d i a t i o n  of t hy ro id  g lands .  
Assuming t h a t  t he  f ishermen inha led  r a d i o i o d i n e  i s o t o p e s  f o r  5 hours  a f t e r  t he  
d e t o n a t i o n ,  t h e  t o t a l  t h y r o i d  dose from incorpora t ed  iod ine  i so topes  was e s t i -  
mated t o  have been about 80 t o  450 rad .  

Urine samples c o l l e c t e d  a t  4 weeks a f t e r  t he  explos ion  r evea led  s i g n i f i -  
can t  amounts of r a d i o a c t i v i t y .  However, t he  r a d i o a c t i v i t y  decreased  r a p i d l y ;  
a t  about 6 months pos t  de tona t ion  i t  was b a r e l y  d e t e c t a b l e .  I n  t h e  a n a l y s i s  
a f t e r  8.5 yea r s  and 10 years  t h e  l e v e l s  of  137Cs and 90Sr i n  u r i n e  were the  

Es t ima t ion  of r a d i a t i o n  dose t o  s k i n  as w e l l  a s  t he  dose by i n t e r n a l  

The dose t o  each person d i f f e r e d  depending on h i s  behavior  on t h e  

The i n t e g r a t e d  dose t o  t h y r o i d  g lands  from 1311 was c a l c u l a t e d  t o  be 
Besides  l3I1, o t h e r  i od ine  i so -  
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same as those of normal Japanese. At the same time, the results of whole-body 
counting showed no significant difference between fishermen and controls. The 
radioactivity in several organs of the fatal case was higher than in controls, 
but still low. 

B. Clinical and Laboratory Findings 

1. General Symptoms and Signs 

Soon after the initial exposure most of the fishermen experienced 
anorexia, fatigue, and lachrymation, and some experienced nausea and vomiting. 

2. Skin Lesions 

Skin lesions were caused by beta irradiation. Shortly after the expo- 
sure, erythema appeared, which was followed by edema, vesicle formation, 
erosion, ulceration, or necrosis. Epilation was observed in 20 cases, be- 
coming complete in the two cases who did not wear hats during the ash fall. 
The skin lesions were similar to ordinary radiodermatitis histologically. The 
skin injuries recovered gradually. At present, 25 years after the exposure, 
a few cases show depigmentation, pigmentation, and capillary dilatation. 
Atrophy of epidermis with narrowed stratum granulosum was noted in histologi- 
cal sections of these areas examined 10 years after the exposure. 

3. Hematology 

a. Leukocytes: The total number of leukocytes decreased gradually, 
showing minimum counts at 4 to 8 weeks. Five cases revealed a count of 
<2000/m3; 13 cases, <3000, and 5 cases, -000. 
level was depressed to 800. A correlation was found between these minimum 
counts and the external gama dose of each individual. At first lymphopenia 
was noted, and then neutropenia became marked. After 8 weeks recovery was 
noted. In many cases remarkable eosinophilia was observed at that time. In 
some cases immature neutrophils appeared in peripheral blood to a slight 
degree. 

nied by the depression of reticulocytes. Color indices were >1.0. The 
Price-Jones curves of erythrocyte diameter were displaced to the right of nor- 
mal at first, but returned to almost normal after one year. 

a minimum at 4 to 7 weeks (15,000 to lOO,OOO/m3). 
turbances were observed in a few cases. 

the critical stage, followed by a general increase in cellularity. Recovery 
was not complete even after a year. At the recovery stage coexistence of 
hypoplastic and hyperplastic areas was observed in histological sections. 

e.g., abnormal granules in lymphocytes or neutrophils, vacuoles in various 
leukocytes and megakaryocytes, giant nuclei and hypersegmentation of 
neutrophils, binuclear lymphocytes, abnormal mitosis of erythroblasts, etc., 

In one case, the leukocyte 

b. Erythrocytes: In severe cases slight anemia was observed, accompa- 

c. Platelets: Platelet counts showed increasing depression, reaching 
Slight coagulation dis- 

d. Bone marrow: In severe cases bone marrow was highly hypoplastic at 

e. Morphological abnormalities: Several morphological abnormalities, 
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were observed f o r  about one y e a r ,  e s p e c i a l l y  a t  t h e  c r i t i c a l  and r ecove ry  
s t a g e s .  A s l i g h t  i n c r e a s e  o f  " m i t o t i c a l l y  connected abnorma l i t i e s "  was found 
i n  bone marrow smears of a few cases  a f t e r  10  y e a r s .  

c y t e s ,  e r y t h r o c y t e s ,  and p l a t e l e t s  were n o t a b l y  d i s p l a c e d  t o  t h e  l e f t  of nor- 
m a l  a t  t he  c r i t i c a l  s t a g e .  Though the  curves of e r y t h r o c y t e s  and p l a t e l e t s  
were t h e  same as i n  normal Japanese people  a f t e r  2 y e a r s ,  t h e  curve of leuko- 
c y t e s  was s t i l l  d i s p l a c e d  s l i g h t l y  t o  t h e  l e f t  of normal even a f t e r  6 y e a r s .  

f .  Recovery: The cumulat ive d i s t r i b u t i o n  curves of numbers o f  leuko- 

4. Cytogenet ics  

Follow-up of chromosome o b s e r v a t i o n s  i n  blood c e l l s  has been performed 
s i n c e  1964. Even 25 y e a r s  a f t e r  exposure,  c e l l s  with chromosome a b n o r m a l i t i e s  
(bo th  d i c e n t r i c  and r i n g  and C s  c e l l s )  a r e  found i n  the  p e r i p h e r a l  lymphocytes 
with much h i g h e r  f r e q u e n c i e s  than  i n  normal Japanese people  40 t o  50 y e a r s  of 
age. The frequency of d i c e n t r i c  and r i n g  forms seems t o  be d e c r e a s i n g ,  bu t  C S  
c e l l s  remained f a i r l y  c o n s t a n t  a t  a f requency of 2 t o  3%. The f r e q u e n c i e s  of 
t he  chromosome a b n o r m a l i t i e s  i n  t h e  1969 examinat ion were found t o  correspond 
t o  t h e  s e v e r i t y  of i n j u r i e s  i n d i c a t e d  by minimum leukocy te  counts  a t  t h e  c r i t -  
i c a l  s t a g e .  I n  the  bone marrow, ce l l s  wi th  chromosome a b n o r m a l i t i e s  (Cs 
c e l l s )  occurred r a t h e r  c o n s i s t e n t l y  wi th  f r e q u e n c i e s  of >2% a t  a l l  fou r  t i m e s  
of sampling c a r r i e d  ou t  13 t o  1 7  y e a r s  a f t e r  exposure.  

5. Spermatopoies i s  

The number o f  spermatozoa dec reased  about 2 months a f t e r  exposure,  and 
azoospermia was found. Both reduced m o t i l i t y  and morphological  a b n o r m a l i t i e s  
o f  spermatozoa were a l s o  observed.  I n d i c a t i o n s  of recovery were noted about 
2 y e a r s  a f t e r  exposure.  Since then  most of t h e  p a t i e n t s  have had h e a l t h y  
c h i l d r e n .  The t e s t i c l e  of t h e  f a t a l  ca se ,  who d i e d  206 days a f t e r  exposure ,  
showed extremely reduced spermatopoies  i s .  

6. Other  F ind ings  

Di s tu rbances  of t h e  l i v e r  f u n c t i o n  were found t o  a s l i g h t  degree i n  a 
few c a s e s  a t  t he  t i m e  of h o s p i t a l i z a t i o n .  L a t e r  t h e s e  became more obvious.  
One of t he  f ishermen who showed remarkable  hemato log ica l  d i s t u r b a n c e s  d i ed  
from l i v e r  damage. During follow-up s t u d i e s ,  e l e v a t e d  v a l u e s  of GOT and GPT 
were observed i n  s e v e r a l  ca ses .  I n  1974 a s c i t e s  developed i n  two c a s e s ,  and 
i n  one i t  was accompanied by d i a b e t e s  m e l l i t u s  and s e p s i s .  Although bo th  
cases  r ecove red ,  they d i e d  of l i v e r  c i r r h o s i s  i n  1974 and 1979 r e s p e c t i v e l y .  

Ophthalmological  examinat ions showed s l i g h t  l e n t i c u l a r  o p a c i t i e s  i n  
s e v e r a l  c a s e s .  However, t h e s e  had no c h a r a c t e r i s t i c s  of r ad ia t ion - induced  
c a t a r a c t s  as observed i n  A-bomb s u r v i v o r s .  

Other  s t u d i e s ,  i n c l u d i n g  t h y r o i d  s t u d i e s ,  are con t inu ing  i n  o r d e r  t o  
d e t e c t  l a t e  e f f e c t s  of r a d i a t i o n .  
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