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SUMMARY

T h i s  r e p o r t  p r e s e n t s  t h e  2 1/ 2 - y e a r  me dica l  c o u r s e  o f  a 6 4 - y e a r - o l d  Hanford  

n u c l e a r  chem ic a l  o p e r a t o r  who was i n v o l v e d  in  an a c c i d e n t  in  an americ ium  

r e c o v e r y  f a c i l i t y  in  August  1 9 7 6 .  As a r e s u l t  o f  t h e  a c c i d e n t ,  he was h e a v i l y  

e x t e r n a l l y  c o n t a m in a te d  w i t h  am e r ic iu m ,  s u s t a i n e d  a s u b s t a n t i a l  i n t e r n a l  

d e p o s i t i o n  o f  t h i s  i s o t o p e ,  and was burned w i t h  c o n c e n t r a t e d  n i t r i c  a c i d  and 

i n j u r e d  by f l y i n g  d e b r i s  ab out  t h e  f a c e  and n ec k .  The im mediate  and l o n g e r -  

term medica l  c a r e  g i v e n  t h e  p a t i e n t ,  i n c l u d i n g  t h e  d e c o n t a m i n a t i o n  e f f o r t s  and 

c l i n i c a l  l a b o r a t o r y  s t u d i e s ,  a r e  d i s c u s s e d .

S p e c i a l  i n - v i v o  equipment  and t e c h n i q u e s  were used  t o  me as ur e t h e  americ ium  

d e p o s i t e d  in  t h e  p a t i e n t .  These  and s u b s e q u e n t  i n - v i v o  measurements  were used  

t o  e s t i m a t e  t h e  d o s e  r a t e s  and t h e  a ccum ula te d  d o s e s  t o  body o r g a n s .

U r in a ry  and f e c a l  e x c r e t a  w ere  c o l l e c t e d  and a n a l y z e d  f o r  ameri c i um  c o n ­

t e n t .  The i n t e r p r e t a t i o n  o f  t h e s e  d a ta  was c o m p l i c a t e d  by t h e  f a c t  t h a t  t h e  

i n t a k e  r e s u l t e d  both from i n h a l a t i o n  and from s o l u b i l i z a t i o n  o f  t h e  americ ium  

embedded in  f a c i a l  t i s s u e s  a s  a r e s u l t  o f  t h e  a c c i d e n t .  A t o t a l  o f  1100 yCi 

was e x c r e t e d  in  u r i n e  and f e c e s  d u r in g  t h e  f i r s t  2 y e a r s  f o l l o w i n g  t h e  a c c i d e n t .

The l o n g - t e r m  use  o f  d i e t h y l e n e t r i a m i n e p e n t a t e  (DTPA), used  p r i n c i p a l l y  

as  t h e  z i n c  s a l t ,  i s  d i s c u s s e d  i n c l u d i n g  t h e  method,  r o u t e  o f  a d m i n i s t r a t i o n ,  

and e f f e c t i v e n e s s .  To d a t e ,  t h e  p a t i e n t  has  a p p a r e n t l y  e x p e r i e n c e d  no com­

pl i c a t i o n s  a t t r i b u t a b l e  to  t h i s  e x t e n s i v e  c o u r s e  o f  t h e r a p y ,  ev en  though he 

has been g i v e n  a p p r o x im a t e l y  560 grams o f  DTPA.
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THE 1976 HANFORD AMERICIUM ACCIDENT 

INTRODUCTION

On A u g u s t  3 0 ,  1 9 7 6 ,  a t  2 : 5 5  a . m . , a 6 4 - y e a r - o l d  n u c l e a r  c h e m i c a l  o p e r a t o r  

was i n j u r e d  by t h e  chem ic a l  e x p l o s i o n  o f  an ion  exchange  column used f o r  americ ium  

r e c o v e r y .  The e x p l o s i o n  o c c u r r e d  in  a w a s t e  t r e a t m e n t  f a c i l i t y  o p e r a t e d  under  

t h e  a u s p i c e s  o f  t h e  U n i ted  S t a t e s  Energy Rese arch  and Development  A d m i n i s t r a t i o n  

(now t h e  Department  o f  Energy) i n  th e  s t a t e  o f  Washington.  The primary m a t e r i a l s  

in  t h e  r e s i n  column were c o n c e n t r a t e d  n i t r i c  a c i d ,  c a t i o n  exc hange  r e s i n ,  and 

am eri c i um .  As a r e s u l t  o f  t h e  impact  o f  f l y i n g  a c i d  and d e b r i s ,  t h e  o p e r a t o r  

s u s t a i n e d  chem ic a l  burns  o f  t h e  f a c e ,  e y e s ,  n e c k ,  and r i g h t  s h o u l d e r  as  w e l l  as 

l a c e r a t i o n s  and embedded f o r e i g n  b o d i e s  in  t h e s e  a r e a s .  He was h e a v i l y  e x t e r n a l l y  

co n ta m in a te d  w i t h  am er ic ium and i n h a l e d  a s i g n i f i c a n t  q u a n t i t y  o f  t h e  e l e m e n t .



PATIENT CARE AND DATA ANALYSIS

INITIAL MEDICAL CARE AND FINDINGS

The i n j u r e d  o p e r a t o r  was a s s i s t e d  from t h e  s c e n e  o f  t h e  a c c i d e n t  by 

c o w o r k e r s ,  who were a l s o  co n t a m in a t e d  w i t h  americ ium but  t o  a much l e s s e r  

e x t e n t .  A h e a l t h  p h y s i c s  t e c h n i c i a n  and a f e l l o w  o p e r a t o r ,  in  p r o t e c t i v e  

c l o t h i n g  and r e s p i r a t o r s ,  removed t h e  o p e r a t o r ' s  c o n ta m in a te d  c l o t h i n g  and 

began d e c o n t a m in a t i o n  by f l u s h i n g  h i s  f a c e  and e y e s  w i t h  w a t e r .  Two r e g i s t e r e d  

n u r s e s  a s s i g n e d  t o  t h e  a r e a ,  w e a r ing  p r o t e c t i v e  equ ip m ent ,  c o n t i n u e d  d e c o n ­

t a m i n a t i o n .  An ambulance d e s i g n e d  t o  h a nd le  c o n t a m in a t i o n  c a s e s  th en  t r a n s -
(a )p o r te d  him 40 km (25  m i l e s )  t o  t h e  Emergency D eco n ta m in a t io n  F a c i l i t y  (EDF)^ '  

in  R i c h l a n d ,  W ashington ,  where he a r r i v e d  ab ou t  2 hours  a f t e r  t h e  a c c i d e n t .

Upon h i s  a r r i v a l  a t  t h e  EOF, 1 g o f  c a l c i u m  di e t h y l e n e t r i  ami n e p e n t a t e  (Ca DTPA) 

was a d m i n i s t e r e d  i n t r a v e n o u s l y  and t h e  o p e r a t o r  was d eco n t a m in a t e d  f u r t h e r  w i th  

soap  and w a t e r  in  a shower.  Removal o f  s u p e r f i c i a l  f o r e i g n  m a t t e r  from th e  

f a c e  and neck and i r r i g a t i o n  o f  t h e  e y e s  w i t h  normal s a l i n e  were c a r r i e d  o u t  

by a t t e n d i n g  p h y s i c i a n s  and n u r s e s .  S u r g i c a l  and o p t h a l m o l o g i c a l  c o n s u l t a t i o n s  

were o b t a i n e d .

P h y s i c a l  e x a m in a t i o n  r e v e a l e d  ch em ic al  burns  o f  t h e  f a c e ,  s c a l p ,  neck and 

s h o u l d e r  w i t h  more s e v e r e  in v o l v e m e n t  o f  t h e  r i g h t  than t h e  l e f t  s i d e .  The 

s u r f a c e s  o f  t h e  e y e s  were hype rem ic .  The e y e l i d s  were s w o l l e n  and marked 

e y e l i d  spasm was p r e s e n t .  Crude t e s t i n g  i n d i c a t e d  t h a t  v i s i o n  was i n t a c t  

in  both e y e s .  The b lood  p r e s s u r e  was 1 1 5 / 6 0  and th e  p u l s e  60/min w i t h  an 

o c c a s i o n a l  dropped b e a t  ( t h i s  c o n d i t i o n  had been p r e s e n t  b e f o r e  t h e  a c c i d e n t ) . 

The remainder o f  t h e  ex a m in a t io n  was e s s e n t i a l l y  n o rm a l .

(a )  The EOF i s  a d e ta c h e d  f a c i l i t y  a d j a c e n t  t o  t h e  Rich land  community h o s p i t a l .
I t  was b u i l t  i n  1963 by t h e  U ni te d  S t a t e s  Atomic Energy Commission a s  an 
emergency s u p p o r t  f a c i l i t y  f o r  t h e  Hanford p r o d u c t i o n  s i t e .  The EOF c o n s i s t s  
p r i m a r i l y  o f  a l a r g e  w in d o w le s s  room w i t h  s u p p o r t i n g  f a c i l i t i e s  f o r  r a d i a t i o n  
and c o n t a m i n a t i o n  c o n t r o l . The room has t h i c k  s h i e l d i n g  w a l l s  and two 
h e a v i l y  s h i e l d e d  e n c l o s u r e s  t o  p r o t e c t  a t t e n d i n g  p e r s o n n e l  a g a i n s t  p e n e ­
t r a t i n g  r a d i a t i o n ;  such p r o t e c t i o n  was n o t  n e c e s s a r y  in  t h i s  c a s e .  The 
v e n t i l a t i o n  s y s tem  p r o v i d e s  h e a t i n g  and c o o l i n g ,  and e x h a u s t s  th rough  two 
banks o f  h i g h - e f f i c i e n c y  p a r t i c u l a t e  a i r  f i l t e r s .  Al l  r a d i o a c t i v e  l i q u i d  
w a s t e s  a r e  c o l l e c t e d  in  a h o l d i n g  t a n k .  S t o r a g e  s p a c e  and change and wash 
rooms f o r  s u p p o r t  p erso n n e l  a r e  a l s o  p r e s e n t  in  t h e  f a c i l i t y .



A d m i n i s t r a t i o n  o f  DTPA was c o n t i n u e d ,  w i t h  s e v e r a l  d o s e s  g iv en  d a i l y  f o r  

t h e  f i r s t  month ( F i g u r e  1 ) .  DTPA c h e l a t e s  americ ium and o t h e r  heavy m e t a l s , 

m i n i m i z i n g  t h e i r  d e p o s i t i o n  in  t h e  body and promot ing  t h e i r  e x c r e t i o n  in  

u r i n e . ^  S i n c e  l o n g - t e r m  t h e r a p y  w i th  t h i s  a g e n t  was a n t i c i p a t e d ,  i t  was 

deemed a d v i s a b l e  t o  s w i t c h  a t  an e a r l y  d a t e  from Ca DTPA t o  Zn DTPA. The 

r a t i o n a l e  f o r  t h e  change t o  Zn DTPA was t h a t  p ro lo n g e d  f r e q u e n t  a d m i n i s t r a t i o n  

o f  Ca DTPA has  been shown t o  ca u se  major b o d i l y  d e p l e t i o n  o f  Zn. At h igh  l e v e l s  

o f  a d m i n i s t r a t i o n ,  t h e  a d v e r s e  e f f e c t s  o b s e r v e d  have been more s e v e r e  in  

e x p e r im e n t a l  a n im a l s  t r e a t e d  w i th  Ca DTPA than in t h o s e  t r e a t e d  w i t h  Zn DTPA.

Zn DTPA had been used  c l i n i c a l l y  abroad but  had n o t  p r e v i o u s l y  been approved  

f o r  human use  in  t h e  U n i ted  S t a t e s .  The Uni t e d  S t a t e s  Food and Drug Admini s t r a  

t i o n  p ro v id e d  p e r m i s s i o n  t o  use Zn DTPA in t h i s  c a s e .

F l u i d  i n t a k e  was en co ura ged  t o  promote u r i n a r y  e x c r e t i o n . L iqu id  and 

s o l  i d  i n t a k e  and o u t p u t  were r e c o r d e d ,  and a l 1 u r i n a r y  and f e c a l  spec imens  

were c o l l e c t e d  s e p a r a t e l y  f o r  r a d i o b i o a s s a y .  The c h e m i c a l l y  burned a r e a s  on
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t h e  f a c e ,  n e c k ,  and  r i g h t  s h o u l d e r  were l e f t  e x p o s e d ;  no d r e s s i n g s  or  e x t e r n a l  

m e d i c a t i o n s  w e re  u s e d .  Ophthalmic s t e r o i d - a n t i b i o t i c  o i n t m e n t  was i n s t i l l e d  i n t o  

each  e y e  s e v e r a l  t i m e s  d a i l y .

F a c i a l  c o n t a m in a t i o n  was moni to red  d ur in g  t h e  f i r s t  few days  by means o f  

a lph a  r a d i a t i o n  s u r v e y  m e t e r s .  However,  s i n c e  much o f  t h e  c o n t a m i n a t i o n  was 

embedded in  t h e  t i s s u e s  o f  t h e  f a c e ,  p r i m a r i l y  ab out  t h e  r i g h t  e y e  and in  t h e  

wound on t h e  f o r e h e a d ,  i t  soon became n e c e s s a r y  t o  u se  more s o p h i s t i c a t e d  

equipment  t o  measure t h e  t o t a l  burden p r e s e n t  in  t h e  f a c e .  Based on m easure ­

ments made u s i n g  a sodium i o d i d e  d e t e c t o r ,  ab out  3000 yCi o f  americ ium were  

e s t i m a t e d  t o  have been d e p o s i t e d  on t h e  f a c e ,  w i t h  an a d d i t i o n a l  300 laCi 

embedded in  t h e  f a c i a l  t i s s u e s .  Another d e t e c t o r  was used t o  measure t h e  3 - ,

1 7 - ,  and 60-keV p h o t o n s .  The r a t i o  o f  t h e s e  e m i s s i o n s  was used t o  e s t i m a t e  an 

a v e r a g e  dep th  o f  0 . 7  mm f o r  t h e  f a c i a l  d e p o s i t i o n .

One s u r g i c a l  e f f o r t  u s i n g  l o c a l  a n e s t h e s i a  had been a t t e m p t e d  d ur in g  t h e  

f i r s t  week t o  remove some o f  t h e  l a r g e r  and more d e e p l y  embedded f o r e i g n  b o d i e s  

from t h e  f a c e ;  a g a m m a-d e te c t i ng  probe was used t o  l o c a t e  t h e  d e p o s i t e d  m a t e r i a l . 

T his  e f f o r t  proved u n s u c c e s s f u l  b ec a u s e  t h e  l a r g e r  f o r e i g n  b o d i e s  i d e n t i f i e d  by 

x - r a y  e x a m in a t i o n  were a p p a r e n t l y  no more r a d i o a c t i v e  than t h e  s u rro u n d in g  

s k i n  and su b c u t a n e o u s  t i s s u e .

DECONTAMINATION PROCEDURES

D e co n ta m in a t io n  p ro c e d u re s  were u nder ta ken  t w i c e  d a i l y  f o r  t h e  f i r s t  week  

a f t e r  t h e  a c c i d e n t ;  a f t e r  t h i s  t i m e ,  t h e  same p ro c e d u r e s  were used  o n c e  d a i l y .  

During t h e  d e c o n t a m in a t i o n  p ro cedu re  t h e  p a t i e n t ,  c l o t h e d  in  a d i s p o s a b l e  

p l a s t i c  s u i t ,  s a t  in  a shower room t h a t  was f i l l e d  w i t h  steam t o  promote  

s w e a t i n g .  The s t e a m in g  was f o l l o w e d  by a bath d u r in g  which he was scrub bed  and 

r i n s e d  by p r o p e r l y  p r o t e c t e d  a t t e n d a n t s .  During t h e  b a t h ,  t h e  p a t i e n t ' s  body 

was f l u s h e d  w i t h  a DTPA so lu t io n ^ ® ^ w h i l e  he p r o t e c t e d  h i s  e y e s  w i t h  s o f t  wash­

c l o t h s .  ( A n t i b i o t i c  o p h t h a lm ic  o i n t m e n t  was a p p l i e d  t o  t h e  e y e s  p r i o r  to  t h e

(a )  Ca DTPA was used i n  t h e  e x t e r n a l  d e c o n t a m i n a t i o n  s o l u t i o n ,  mixed i n i t i a l l y  in  
p r o p o r t i o n s  o f  one t h i r d  DTPA (25%) s o l u t i o n  and two t h i r d s  normal s a l i n e .  
L a t e r ,  S h u b e r t ' s  s o l u t i o n 7  (a DTPA s o l u t i o n  w i t h  o t h e r  c h e l a t e s )  was prepared  
and  used f o r  e x t e r n a l  d e c o n t a m i n a t i o n .



b a t h . )  The DTPA s o l u t i o n  was f l u s h e d  o f f  w i th  w a t e r .  D e t e r g e n t  soap  

(pHisohex®) was th en  scr ubbed  on t h e  body and r i n s e d  o f f  w i t h  w a t e r .  Because  

t h e  p a t i e n t ' s  f a c i a l  s k i n  was t e n d e r  from th e  ch em ic a l  b u r n s ,  he washed h i s  

f a c e ,  i n c l u d i n g  t h e  a re a  around h i s  e y e s , u s i n g  d i l u t e d  baby shampoo on s o f t  

t o w e l i n g .  The f a c e  was then  f l u s h e d  and t h e  p ro cedu re  r e p e a t e d  s e v e r a l  t i m e s .

A W ate r -P ik  was used  t o  c l e a n  t h e  e a r s  and t h e  s u rro u n d in g  s k i n .

Baths  as  d e s c r i b e d  were d i s c o n t i n u e d  a f t e r  2 m on th s ,  but  d a i l y  showers  f o r  

d e c o n t a m i n a t i o n  and g e n e r a l  h y g i e n e  were c o n t i n u e d .  A l 1 d e c o n t a m in a t i o n  

s o l u t i o n s  and wash 1 i q u i d s  were c o l l e c t e d  in a h o l d i n g  t a n k ,  a n a l y z e d ,  and 

found t o  c o n t a i n  a t o t a l  o f  ab out  4500 yCi o f  am eric ium.  The h a i r  o f  t h e  

p a t i e n t ' s  head and eyebrows  was shaved  d ur in g  t h e  f i r s t  week b e c a u s e  i t  co u ld  

n o t  be d e c o n ta m in a t e d .  The h a i r  and eyebrows  s u b s e q u e n t l y  grew back n o rm a l ly .

LONG-TERM MEDICAL CARE AND FINDINGS

For t h e  f i r s t  4 mo nths ,  d a i l y  s u p e r f i c i a l  debr ide m ent  o f  t h e  p a t i e n t ' s  

f a c e  and neck was performed  w i t h o u t  a n e s t h e s i a  t o  remove s c a l e s ,  c r u s t s ,  s c a b s ,  

and e x t r u d e d  f o r e i g n  b o d i e s .  The f r e q u e n c y  o f  d eb r idem en t  was th en  d e c r e a s e d .  

Over a p e r i o d  o f  s e v e r a l  months ,  metal  l i e ,  p l a s t i c , c l o t h ,  and g l a s s  f o r e i g n  

b o d i e s  m e asur in g  up t o  0 . 5  cm were e x t r u d e d  s p o n t a n e o u s l y  o r  t e a s e d  o u t  w i th  

t w e e z e r s  as  t h e y  re ach ed  t h e  s k i n  s u r f a c e .

An i n d o l e n t  s u p e r f i c i a l  u l c e r  t h a t  o c c u r r e d  in  t h e  are a  o f  h i g h e s t  

americ ium c o n c e n t r a t i o n  ( b e l o w  t h e  medial  a s p e c t  o f  t h e  r i g h t  eybrow) h ea led  

a f t e r  1 y e a r ,  l e a v i n g  a s c a r .  F o r e ig n  m a t t e r  was s p o n t a n e o u s l y  e x t r u d e d  from 

t h e  area  p r i o r  t o  co m p le te  h e a l i n g .

During t h e  f i r s t  month a f t e r  t h e  a c c i d e n t ,  m u l t i p l e  d a i l y  d o s e s  o f  Ca or  

Zn DTPA were a d m i n i s t e r e d  i n t r a v e n o u s l y ;  t h e  p a t i e n t  was th en  g i v e n  s i n g l e  

1 -g  d o s e s  o f  Zn DTPA d a i l y  u n t i l  J u l y  1 9 7 7 ,  when t h e  f r e q u e n c y  o f  a d m i n i s t r a t i o n  

was reduce d  t o  t h r e e  t i m e s  p e r  week.

L aborato ry  s t u d i e s  were con d u c ted  d a i l y  dur in g  t h e  f i r s t  3 months and l e s s  

f r e q u e n t l y  a f t e r w a r d s .  They i n c l u d e d  co m p le t e  b lood  c o u n t s , u r i n a l y s e s , and 

blo o d  c h e m i s t r y  (SMA 1 2 / 6 0 )  and f e c a l  o c c u l t  b lo od  s t u d i e s . The r e s u l t s  o f  t h e



s t u d i e s  were normal e x c e p t  t h a t  t h e  p e r i p h e r a l  b lo o d  lymphocyte  c o u n t  d e c l i n e d
3 3

from 1860/mm on t h e  day o f  t h e  a c c i d e n t  t o  530/mm 1 week l a t e r .  The a v e r a g e

lymphocyte  c o u n t  was 943 ( r a n g e :  5 9 0 -1 6 4 0 )  f o r  t h e  n e x t  8 months and 1522

(r a ng e :  7 2 8 - 3 1 7 0 )  f o r  t h e  f o l l o w i n g  15 months .  P r e v i o u s  lymphocyte  c o u n t s

had been 1520 in  January  1 9 7 6 ,  2332 in  1 9 7 3 ,  2805 in  1 9 7 0 ,  and 3151 in  1967.

S e r i a l  c h e s t  x - r a y s ,  pulmonary f u n c t i o n  t e s t s ,  and e l e c t r o c a r d i o g r a m s  have

shown no s i g n i f i c a n t  f i n d i n g s .

S p e c i a l  s t u d i e s  i n c l u d e d  s e v e r a l  a n a l y s e s  o f  p e r i p h e r a l  b lood  lymphocyte  

chromosomes,  a f a c i a l  s k i n  b i o p s y ,  and a bone marrow e x a m i n a t i o n .  R a d i a t i o n -  

ind uced  c y t o g e n e t i c  l e s i o n s  i n  ly m p ho cy tes  were o b s e r v e d .  ( V a r i a t i o n  in  th e  

f r e q u e n c y  o f  r a d i a t i o n - d a m a g e d  ly m p ho cy tes  a s  a f u n c t i o n  o f  t im e  a f t e r  t h e  

a c c i d e n t  w i l l  be t h e  s u b j e c t  o f  a s e p a r a t e  r e p o r t . ) The s k i n  b io p s y  r e v e a l e d  

s c a t t e r e d  a lph a  " s t a r s " ;  a l l  o t h e r  ch anges  were c o m p a t i b l e  w i t h  t h e  p a t i e n t ' s  

a g e .  The bone marrow ex a m in a t i o n  was performed 2 weeks a f t e r  t h e  a c c i d e n t  and 

was n o r m a l . None o f  t h e s e  s t u d i e s  i n d i c a t e d  t h e  need f o r  a change o f  t h e r a p y .

The s t a f f  p y s c h o l o g i s t  was i n v o l v e d  e a r l y  in  t h e  c a r e  o f  t h e  p a t i e n t  and 

has c o n t i n u e d  t o  p r o v i d e  a d v i c e  t o  t h e  s t a f f  and c a r e  t o  t h e  p a t i e n t  and h i s  

f a m i l y .

A f t e r  2 1 / 2  months o f  t r e a t m e n t  in  t h e  w in d o w le s s  room o f  t h e  EOF, th e  

p a t i e n t  was t r a n s f e r r e d  t o  a 9 -m -l ong  ( 3 0 - f o o t - l o n g )  t r a v e l  t r a i 1e r  a d j a c e n t  

to  t h e  EOF, which p ro v id e d  a t r a n s i t i o n a l  c o n t r o l  l e d  env ironm ent  b e f o r e  h i s  

r e t u r n  home. While  t h e  p a t i e n t ,  h i s  w i f e ,  and t h e i r  dog 1 i v e d  in  t h e  t r a i l e r ,  

w a s t e s  were c o l l e c t e d  and measured f o r  r a d i o a c t i v i t y ,  and r o u t i n e  s u r v e y s  o f  

t h e  en v iron m en t  were made. From mid-November 1976 u n t i l  h i s  d i s c h a r g e  home 

in  l a t e  January 1 9 7 7 ,  no americ ium c o n t a m i n a t i o n  was found in  t h e  t r a i l e r .

The p r i n c i p a l  m edica l  problem s i n c e  t h e  a c c i d e n t  has i n v o l v e d  t h e  p a t i e n t ' s  

e y e s ,  which s u f f e r e d  c o r n e a l  n i t r i c  a c i d  burns and c o n t a i n e d  a few s u p e r f i c i a l  

c o r n e a l  and c o n j u n c t i v a l  f o r e i g n  b o d i e s ; t h e  l a t t e r  were e x c i s e d  or  s p o n t a n e o u s l y  

ex t r u d e d  o v e r  a p e r i o d  o f  s e v e r a l  months .  In a d d i t i o n ,  a t r a u m a t i c a l l y  induced  

c a t a r a c t  began t o  d e v e l o p  in  th e  l e f t  ey e  s e v e r a l  months a f t e r  t h e  a c c i d e n t  and 

was s u r g i c a l l y  removed in  February 1978.  The c a t a r a c t  had none o f  t h e  c h a r a c ­

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



w i t h  g l a s s e s  and has been a b l e  t o  o b t a i n  a renewal  o f  h i s  s t a t e  motor v e h i c l e  

d r i v e r ' s  1 i c e n s e .  His  v i s u a l  a c u i t y  has been improved by t h e  u se  o f  s p e c i a l  

e y e g l a s s  c o v e r s  w i t h  m u l t i p l e  p e r f o r a t i o n s  t h a t  r e d u c e  d i s t o r t i o n  caused  by 

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

RADIOISOTOPE DOSIMETRY EVALUATION

E a r l y  i n - v i v o  measurements  were d i f f i c u l t  t o  make a c c u r a t e l y  b ec a u se  o f  

t h e  g r o s s  e x t e r n a l  c o n t a m i n a t i o n .  I n t e r p r e t a t i o n  o f  t h e  measurements was 

f u r t h e r  c o m p l i c a t e d  by t h e  f a c t  t h a t  t h e  i n t a k e  r e s u l t e d  from both  i n h a l a t i o n  

and s o l u b i l i z a t i o n  o f  t h e  americ ium embedded in  t h e  f a c i a l  t i s s u e .  S p e c i a l  

equipment  and t e c h n i q u e s  t h a t  w i l l  be d e s c r i b e d  in  a l a t e r  r e p o r t  were impro­

v i s e d ,  and measurements  o f  t h e  americ ium d e p o s i t e d  in  t h e  p a t i e n t ' s c h e s t ,

1 i v e r ,  and bone were i n i t i a l l y  o b t a i n e d  3 days  a f t e r  t h e  a c c i d e n t .

A c o n e - s h a p e d ,  c o l l i m a t e d  sodium i o d i d e  (N a l )  d e t e c t o r  1 mm t h i c k  and 

5.1 cm in  d ia m e t e r  was used  to  measure t h e  241 i s o t o p e  o f  americ ium in  each  

1 ung and in  t h e  1 i v e r .  A l e a d  s h i e l d  was p la c e d  between t h e  p a t i e n t ' s  head 

and c h e s t  t o  e l i m i n a t e  s c a t t e r e d  r a d i a t i o n  from t h e  f a c e ,  which o t h e r w i s e  

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

F o r t y  yCi o f  americ ium were measured in  t h e  l u n g s  on day 3 a f t e r  t h e  

a c c i d e n t ,  i n d i c a t i n g  a d o s e  r a t e  o f  11 r a d / d a y  t o  t h e  l u n g s .  S u b s e q u e n t l y ,  

r o u t i n e  measurements  o f  lung a c t i v i t y  were made t o  d e t e r m i n e  t h e  r a t e  o f  

c l e a r a n c e  from t h e  l u n g s  ( F i g u r e  2 ) .  A f t e r  300 d a y s ,  t h e  a c t i v i t y  remaining  

was l a r g e l y  a t t r i b u t e d  t o  americ ium in  t h e  r i b s .  The c u m u l a t i v e  a v e r a g e  dose  

to  t h e  1 ungs th rough  1978 was e s t i m a t e d  t o  be 200 ra d .

The 1 i v e r  burden on day 3 p o s t - i n t a k e  was 40 y C i . C lea ra nce  from t h e  

1 i v e r  was r a p i d  ( F i g u r e  3 )  and t h e  a c t i v i t y  rem ain ing  a f t e r  300 days  was a l s o  

c o n s i d e r e d  t o  r e s i d e  in  t h e  r i b s .  The DTPA c h e l a t i o n  t h e r a p y  was l a r g e l y  

r e s p o n s i b l e  f o r  t h e  r a p i d  c l e a r a n c e ,  which reduce d  t h i s  d o s e  r a t e  from 7 r a d /d a y  

on day 3 t o  l e s s  than 0 . 0 3  r a d / d a y  a t  t h e  end o f  197 8.  The c u m u l a t i v e  dose  

t o  t h e  1 i v e r  through  1978 was e s t i m a t e d  t o  be 160 rad .

I n i t i a l l y ,  t h e  a c t i v i t y  in  a smal l  s e c t i o n  o f  bone d i r e c t l y  below t h e  

knee cap was measured u s i n g  an Nal d e t e c t o r ,  and was r e l a t e d  to  t h e  t o t a l
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FIGURE 2.  In -V iv o  Ches t  Counts

(8 )bone burden u s in g  a model based  on d ata  from baboon s t u d i e s . ' '  Through t h i s  

t e c h n i q u e ,  th e  bone burden on day 3 p o s t - i n t a k e  was e s t i m a t e d  to  be 40 y C i . 

S u b s e q u e n t l y ,  t h e  c o u n t i n g  p ro ce du re  was c a l i b r a t e d  by d i s t r i b u t i n g  americ ium  

s o u r c e s  u n i f o r m l y  on t h e  i n n e r  bone s u r f a c e s  o f  a c a d a v e r  l e g .  Us ing t h i s  

t e c h n i q u e ,  th e  e s t i m a t e d  bone burden f o r  day 3 was r e v i s e d  t o  70 y C i , which  

i n d i c a t e s  a dose  r a t e  o f  ab out  3 r a d / d a y .  By day 30 p o s t - i n t a k e ,  t h e  bone  

burden had d e c r e a s e d  t o  a p p r o x im a t e l y  25 yCi (1 r a d / d a y )  and has remained a t  

t h a t  l e v e l . The e s t i m a t e d  c u m u l a t i v e  bone d o s e  was ab out  860 rad through  

1 9 7 8 ,  and we e x p e c t  t h e  dose  t o  c o n t i n u e  a t  a r a t e  o f  1 r a d / d a y .  Without  DTPA 

t h e r a p y ,  t h e  bone burden would be e x p e c t e d  t o  i n c r e a s e  s u b s t a n t i a l l y  o v er  

t im e  b e ca u s e  o f  t h e  t r a n s l o c a t i o n  o f  americ ium from t h e  s o f t  t i s s u e  o f  t h e  

f a c e .
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The d o s e  t o  t h e  l e n s  o f  t h e  e y e  was c a l c u l a t e d  t o  e v a l u a t e  t h e  p o s s i b i l i t y  

t h a t  t h e  c a t a r a c t  t h a t  d e v e l o p e d  was due t o  r a d i a t i o n .  The maximum i n i t i a l  

d o s e  r a t e  o f  ab out  4 r a d / d a y  d e c r e a s e d  s h a r p l y  w i t h  t i m e .  The e s t i m a t e d  

c u m u l a t i v e  d o s e  t o  t h e  l e n s  o f  t h e  e y e  was 140 rad through  1978 .  T h i s  i s  

s i g n i f i c a n t l y  l e s s  than  t h e  500 rad o r  more a s s o c i a t e d  w i t h  c a t a r a c t  f o r m a t i o n .

BIOASSAY DATA AND EFFECTIVENESS OF DTPA THERAPY

A l 1 u r i n a r y  and f e c a l  sp ec im e ns  were c o l l e c t e d  and a n a l y z e d  f o r  americ ium  

c o n t e n t  p r i o r  t o  t h e  p a t i e n t ' s  d i s c h a r g e  home an d,  s u b s e q u e n t l y ,  on an i n t e r -  

mi t t e n t  b a s i s .  Trea tm en t  w i t h  DTPA, which was s t a r t e d  w i t h i n  3 hours  o f  t h e



a c c i d e n t  and has  c o n t i n u e d  e v e r  s i n c e ,  d r a s t i c a l l y  a l t e r s  t h e  u sua l  p a t t e r n s  

o f  americ ium e x c r e t i o n .  T h e r e f o r e ,  t h e  b i o a s s a y  d a ta  c o u l d  n o t  be used to  

e s t i m a t e  t h e  s y s t e m i c  burden.  However,  t h e s e  d a ta  were u s e f u l  in  d e t e r m i n in g  

t h e  e f f e c t i v e n e s s  o f  t h e  DTPA t h e r a p y  and t h e  need f o r  c o n t i n u i n g  t r e a t m e n t .

The amount o f  americ ium i n i t i a l l y  a v a i l a b l e  f o r  d e p o s i t i o n  in  t h e  body 

may be e s t i m a t e d  by ad d in g  t o  t h e  amount e x c r e t e d  i n  t h e  u r i n e  and f e c e s  t h e  

q u a n t i t y  e s t i m a t e d  t o  remain in  t h e  bone ,  1 i v e r ,  and f a c i a l  s k i n .  The c a l c u ­

l a t e d  t o t a l  i s  a b o u t  1100 yCi o f  am er ic ium.  (S e e  T ab le  1 f o r  a summary o f  t h e  

d e p o s i t i o n  and e x c r e t i o n  d a t a . ) U s in g  models  d e r i v e d  from animal  e x p e r im e n ­

t a t i o n ,  we e s t i m a t e  t h a t  a t o t a l  o f  760 yCi would have been d e p o s i t e d  i n  bone 

and 1 i v e r  i f  DTPA t h e r a p y  had n o t  been a v a i l a b l e .  S i n c e  o n l y  a b o u t  25 yCi 

were r e t a i n e d  ( s e e  F i g u r e  4 ) ,  we b e l i e v e  t h a t  t h e  DTPA was b e t t e r  than 95% 

e f f e c t i v e  in  r e d u c i n g  t h e  a n t i c i p a t e d  body b ur de ns .  The e a r l y  d a ta  on u r i n a r y  

e x c r e t i o n ,  shown in  F i g u r e  1 ,  i n d i c a t e  t h a t  Zn DTPA was a s  e f f e c t i v e  as  Ca DTPA 

i n  t h e  d e c o r p o r a t i o n  o f  am er ic ium.  N e i t h e r  c l i n i c a l  nor l a b o r a t o r y  f i n d i n g s  

showed e v i d e n c e  o f  t o x i c i t y  from t h e  u se  o f  DTPA.

TABLE 1 . F ate  o f  Americium in  M i c r o c u r i e  Q u a n t i t i e s

Time P o s t - I n t a k e
Day 1 Day 3 Day 10 Day 60 1 Year 2 Years

Burdens

F a c i a l  s k i n 3000 - - 300 150 35 20

C h es t — 40 15 5 2 1 . 5

Bone — 70 30 25 25 25

L i v e r — 40 16 4 0 . 2 0 . 2

C um ulat i ve

E x c r e t i o n

U r in e 150 400 600 840 880 890

F ec es 0 130 180 185 190 200
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FIGURE 4 . E f f e c t i v e n e s s  o f  DTPA i n  Reducing  
L i v e r  and Bone B u r d e n s .

CURRENT CLINICAL STATUS

More than 2 y e a r s  a f t e r  t h e  a c c i d e n t ,  t h e  p a t i e n t  i s  e x p e r i e n c i n g  no 

symptoms d e f i n i t e l y  a t t r i b u t a b l e  t o  t h e  r a d i a t i o n  e x p o s u r e .  There  i s  no 

e v i d e n c e  o f  f u n c t i o n a l  impairment  i n  t h e  b o n e ,  l u n g ,  o r  1 i v e r ;  t h e  c u m u l a t i v e  

d o s e s  t o  t h e s e  o rg a n s  a r e ,  r e s p e c t i v e l y ,  8 6 0 ,  2 0 0 ,  and 160 r a d .  The 

p a t i e n t  c o n t i n u e s  t o  have v i s u a l  d i f f i c u l t y  a s  p r e v i o u s l y  o u t l i n e d ,  b ut  t h e  

c o n d i t i o n  i s  s t a b l e .
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CASE MANAGEMENT

TEAM APPROACH TO DECISION-MAKING

A team appr oa ch  was used  t o  a r r i v e  a t  d e c i s i o n s  r e g a r d i n g  t r e a t m e n t  and 

arra ng em en ts  f o r  t h e  p a t i e n t ' s  c a r e  a f t e r  h i s  d i s c h a r g e .  The team,  which  

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

t h e  s t a f f  p s y c h o l o g i s t ,  h e a l t h  p h y s i c i s t s ,  n u r s e s ,  and r a d i a t i o n  m o n i t o r s , met 

f r e q u e n t l y  and many o f  t h e  p r o c e d u r e s  and methods used  were based  on t h e  

c o n s e n s u s  o f  t h e  a s s e m b le d  g roup .  I n c l u d i n g  t h e  p a t i e n t  i n  t h e  d e c i s i o n ­

making p r o c e s s  was i n v a l u a b l e ,  n o t  o n l y  in  o b t a i n i n g  h i s  c o n c u r r e n c e  in  t h e  

c h o i c e  and a p p l i c a t i o n  o f  p r o c e d u r e s  b ut  a l s o  in  g i v i n g  us t h e  b e n e f i t  o f  

h i s  k n o w le d g e ,  based  on h i s  l o n g  e x p e r i e n c e  in  t h e  i n d u s t r y .  His u n d e r s t a n d i n g ,  

w i l l i n g  c o o p e r a t i o n ,  and c o n c e r n  t h a t  h i s  e x p e r i e n c e  b e n e f i t  o t h e r s  were  

e x e m p la r y .

PUBLIC RELATIONS

The c a s e  a ro u s ed  n a t i o n a l  and i n t e r n a t i o n a l  i n t e r e s t ,  bo th  i n  t h e  s c i e n t i f i c  

community  and i n  t h e  com munica t ions  m edia .  In t h e  days  i m m e d i a t e l y  a f t e r  t h e  

a c c i d e n t ,  t im e  demands by t h e  media were g r e a t  and r e q u i r e d  c a r e f u l  c o n t r o l  

t o  p r e v e n t  i n t e r f e r e n c e  w i t h  t h e  proper  c a r e  o f  t h e  p a t i e n t .  The s i t u a t i o n  

was f u r t h e r  c o m p l i c a t e d  by t h e  need t o  s e c u r e  t h e  p a t i e n t ' s  p r i v a c y  and p r e v e n t  

t h e  d i s s e m i n a t i o n  o f  p r i v i l e g e d  i n f o r m a t i o n .  From t h e  b e g i n n i n g ,  p u b l i c  

r e l a t i o n s  p r o f e s s i o n a l s  worked c l o s e l y  and e f f e c t i v e l y  w i t h  t h e  m e d ica l  and 

s c i e n t i f i c  s t a f f .  The im p ortan ce  o f  c a r e f u l l y  o r g a n i z i n g  t h e  p u b l i c  r e l a t i o n s  

a s p e c t s  o f  such  an emergency c a n n o t  be o v e r e m p h a s i z e d .
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CONCLUSIONS

1.  U n u s u a l l y  h ig h  l e v e l s  o f  am eri c i um  d e p o s i t i o n  have n o t  c a u s e d  any demon­

s t r a b l y  harmful  e f f e c t s  i n  t h e  p a t i e n t  d ur in g  a 2 - y e a r  p e r i o d  o f  o b s e r ­

v a t i o n .

2 .  Prompt and i n t e n s i v e  c h e l a t i o n  t h e r a p y  proved  e x t r e m e l y  e f f e c t i v e  in  t h i s

c a s e .  Zinc DTPA ap pe ared  to  be a s  e f f e c t i v e  as  Ca DTPA in  removing  

americ ium from t h e  body and p r e v e n t i n g  i t s  t r a n s l o c a t i o n .  No t o x i c i t y  

from t h e  DTPA t h e r a p y  was o b s e r v e d  o v e r  a 2 - y e a r  p e r i o d .

3 .  The " t o t a l " person  must be t r e a t e d .  Not o n l y  me dica l  and h e a l t h  p h y s i c s

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

im p a ct s  on t h e  r e s p o n s e s  o f  f a m i l y  and f r i e n d s ,  and t h e  e f f e c t s  on t h e  

p a t i e n t  o f  e x t e n d e d  i n a c t i v i t y .

4 .  The u s e  o f  a team approach t o  d e c i s i o n - m a k i n g  was h i g h l y  s u c c e s s f u l  and

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

5 .  The u se  o f  a t r a n s i t i o n a l  d i s c h a r g e  reg im e  (EDF -  t r a i l e r  -  home) was

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

from b o d i l y  s o u r c e s  ( i . e . ,  c o n t a m in a t e d  s k i n  f l a k e s  o r  s c a l e s ,  and 

e x c r e t i o n  p r o d u c t s ) .

6 .  C ar efu l  o r g a n i z a t i o n  o f  t h e  h a n d l i n g  o f  p u b l i c  r e l a t i o n s  under t h e

s t r e s s  o f  an emergency i s  w e l l  wo rth  t h e  e f f o r t .
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