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The Center for Human Radiobiology has  exhumed 3 of 18  terminally 
ill persons injected intravenous!y wi:? plutonium 30 years  ago .  
microscopic distribution of plutonium in4 the  bone of one c a s e  has  been 
studied extensively using autoradioqraahy. 
when injected and died 519 days  la te r  from the  effects of Cushincj's 
Syndrome contracted a t  about a g s  14 .  The autoradiographs show a non- 
uniform distribution of plutonium with deposi ts  on t he  exis t ing bone s u f a c e s ,  
on buried surfaces and i n  t h e  volume Setween the existing and  buried 
surfaces .  

P1utor:ium concentrations 

T h e  

Th i s  woman w a s  18 years  old 

Plutonium concentra:ions measured i n  bone t rabeculae a re  shoxn  i n  
the  table  below. The exis t ing surface data refer only to t h e  sur faces  of bone 
which cover buried depos i t s  of plutonium. 

Average 239Pu concentration 
Buried surface Existing surface Volume 

Bone pCi/crn2 pci/cm2 p ~ i / c m 3  

Cervical vertebra 4.6 0 .47  160 
LumSar vertebra 4 . 1  0 .32 89 

I l iac  c res t  3 .4  0.33 56 

Proxiri?.al humerus 2 . 6  0 .29 67 
Proxiinal femur 2 .3  0 .41  61 

Thoracic vertebra - 0 . 2 6  1 2 0  

Pubis 2 . 9  0 . 6 3  100 

Mean for a l l  bones 3.3 0.39 9 4  

The. difference of about  1 0  t i m e s  bet:veen the  buried and existifig surEace 
concentrations emphasizes  the  non-cniformity of deposit ion.  The buried 
deposi ts  a r e  bel ieved to  da t e  from the t i m e  of injection whereas the  
existing surface plutonium vias probajly la id  down le te r ,  when the plasma 
concentration was  low. 

Burial depth 

By covering the  surface with ?.ew bone, apposit ional remodeling 
shie!ds the suiface cells from irradiatiox. The thickness  of the deposi t  tells 
how effective th i s  shie1dir.g i s .  
bo-zs l i s t 4  above .  

The iollotving table  gives  va lues  for the  

Dspth,  &ti 

Bone Range Av era q e 

C eivi ca 1 v zrt e h ra 13- 86 54 
Lu m ba r vs rt e b ra 57 
T hora c i c v 2 r t  15 ra 27- 76  5 0  
Iliac c re s t  31--100 5 0  
Puhis 31-160 60  
Pro xi ma 1 h.2 >?am 3 21- 80 40 
Proximal femur 15-110 49 

14-120 

Average f standard error of a l l  rnessurensnts :  52 + 2 

Pcpared  b y  R. A .  Schlen!:e: 



The range of 239Pu alpha par t ic les  i n  bone is 2 3  pm. The depth va lues  
show that while some alpha par t ic les  from the  buried deposi ts  will  e s c a p e  
the  bone surface only a small  fraction of the  total  wil l .  Dosimetrically,  
the  buried sur face  depos i t s  may be  ignored despi te  their  Great in tens i ty .  

Dosimetry 

Dose r a t e s  a re  given below for t h e  exis t ing surface and volume 
deposi ts .  They a r e  averages throughout a 1 0  pm thic!< target t i s s u e  layer  
assumed to l i ne  the  endosteal  bone surface.  Since v2Iurne depos i t s  occur  
a t  sites of apposi t ional  renodelifig but nowhere else only a portion of t h e  
tarcje: tissue will  b e  irradiated by them. This must b s  taken into account  
when determining t h e  average endosreal dose  rate  in  a particular bone or  
throughout the  ske le ton .  This may be done by multiplying the volume depos i t  
dose  rate by t h e  fract ion of bone surface which has  been renodeled .  
product added to t h e  rate  for surface depos i t s  gives  the average for the  
skeletal  region i n  quest ion.  

This 

Bone 

Dose rate ,  mrad/day Average 
Surface Volume Fraction dose  rate ,  
deposi t  deposi t  remodeled mra &'day 

Cewica l  vertebra 40 9 0.58 45 
Lumbar vertebra 2 7  5 0 .25 28 
Thoracic vertebra 2 2  6 0 .32 2 4  
I l iac  c res t  28 3 0.50 30 
Pubis 53  5 0 .44  55 
Proximnl humerus 25 4 0 .17  26 
Proximal femur 35 4 0 . 1 2  35 

The surface depos i t s  contribcte 90% or more of t h e  average d3se  rate. 
A s  Surdefi time inc reases  the surface deposi t  is expected to contribute a 
smaller and smaller  fraction of the  to ta l  d o s e  rate .  From th is  standpoint 
the  burden appears  to  b e  "young". 

Other c a s e s  

Autoradiographs and r icroradiographs have  been mad? of bone 
sect ions f m m  the  tivo other edTuined plutonium c a s e s ,  The au:oradiographs 
f r o m  or,e revealed that  es ter ,s ive plutonium redistribution a d  uranium 
deposition had occurred in  the  grave.  
autoradiographs will be mad2 ar.d no autoradiographic data will  b e  co l lec ted .  
The  socond c a s e  had been crernated and the  skeletor? broken up .  F ragaen t s  
of coxnpact and cancel lous bone which a r e  la rge  enough for e a s y  embedding 
and sectioning a re  present  although the bones from which they cam? cannot  
be ider-.tified. 
the sect ions due t o  tha disrortion of the  bone when a s 3 . d .  
s ~ r ; ~  usof-11 sutoradicgra?hic data car! b e  col lected f r o m  this  c'ise. 
on4 i s  eapecially- intcresti2.g s ince  t h s  man survived 21 years a f te r  inject ion 
a:id s h o ~ M  show the l a t e  distributic?. OF plutonium. 

Because of th i s  no a2di t ional  

Microradiogrnphs show innumerable microfractures thraughoct 
It ap33a:S tha t  

This 


