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TISSUE SAMPLING FOR PLUTOPIIUM THROUGH AN AUTOPSY PROGRAM 

There are t h r e e  gene ra l ly  recognized methods a v a i l a b l e  for t h e  - 
assessment of  organ o r  whole body doses due t o  t h e  i n t a k e  and depos i t i on  of 

r ad ionuc l ides :  

.- 

a )  Measurement of t h e  environment 

b)  Measurement o f  t h e  e x c r e t a  

c )  D i rec t  measurement of t h e  exposed worker. 

Environmental programs provide u s e f u l  data f o r  a s s e s s i n g  dose t o  workers i n  a 

gross manner, bu t  because t h e  quan t i ty  of r a d i o a c t i v i t y  taken i n t o  t h e  body is 

not accu ra t e ly  known, they do not  l end  themselves t o  p r e c i s e  i n t e r p r e t a t i o n s .  

Nevertheless ,  environmental data such as ae roso l  concen t r a t ions ,  p a r t i c l e  

s i ze  d i s t r i b u t i o n s ,  du ra t ion  of exposure and chemical form of t h e  contaminant 

are of prime importance as support ive information f o r  o t h e r  modes of dose 

ass e s smen t . 

kasurement  of r a d i o a c t i v i t y  i n  exc re t a  is  ano the r  method of i n d i r e c t  

assessment. 

v a r i a b i l i t y ,  inadequate sampling techniques and l a c k  o f  models responsive t o  

t h e  exposure condi t ions experienced by t h e  worker, 

Here again,  t h e  r e s u l t s  may be imprecise because of b i o l o g i c a l  

Direct  measurements of t h e  exposed worker, of which t h e  autopsy program can 

become a component p a r t ,  provide t h e  best a v a i l a b l e  method for  a s ses s ing  organ 

r e t e n t i o n  and dose. "In vivo" measurements, however, have t w o  s e r i o u s  

l i m i t a t i o n s .  

assessment of i n d i v i d u a l  organ doses can be masked o r  imposeible t o  determine as 

They are r e s t r i c t e d  t o  e x t e r n a l  counting techniques and t h e  



i n  t h e  case of t r y i n g  t o  determine s e p a r a t e l y  t h e  contr ibugions from t h e  

lungs and t h e  pulmonary lymph nodes. 

can he lp  considerably i n  f u t u r e  assessments made o f  t h e  r e t e n t i o n  c h a r a c t e r i s t i c s  

and doses t o  s p e c i f i c  organs by t h e  " in  vivo" e x t e r n a l  measurement techniques,  

Information obtained from autopsy samples 
r 

\&en i n  t h e  e a r l y  1 9 4 0 f s ,  employees a t  t h e  Hanford Atomic Energy 

P lan t  i n  Richland, Washington began t o  work with plutonium i s o t o p e s  i n  

va r ious  chen ica l  forms, su rve i l l ance  programs were i n i t i a t e d  t o  determine t h e  

a i r  concentrat ion of plutonium, d e t e c t  and c o n t r o l  environmental contamination 

and es t ima te  t h e  i n t e r n a l  deposi t ion i n  t h e  p l a n t  employees.' The c h i e f  mechanism 

used t o  e s t ima te  t h e  body burden of  plutonium was t h e  eva lua t ion  of bioassay d a t a ,  

It w a s  recognized t h a t  t h e  s o l e  mathematical model developed f o r  t h i s  t ype  o f  

eva lua t ion  was p red ica t ed  on t h e  r e s u l t s  obtained from t h e  admin i s t r a t ion  o f  only 

one chemical form and by one method of  admin i s t r a t ion ,  ( ' I  Necessar i ly  t h e  

e x t r a p o l a t i o n  o f  t h e  i n t e r p r e t a t i o n s  f o r  a p p l i c a t i o n  t o  va r ious  o t h e r  chemical 

forms o r  t o  o t h e r  methods of adminis t ra t ion would be o f  quest ionable  v a l i d i t y .  

ThrouGh t h e  cooperation of t h e  l o c a l  pa tho log i s t  and personnel of t h e  

medical department, a modest autopsy program was s t a r t e d  i n  1949 t o  o b t a i n  

var ious t i s s u e  samples from both former employees and r e s i d e n t s ,  By analyzing 

t h e  samples and seg rega t ing  t h e  r e s u l t s  between those  who formerly worked with 

plutonium and those who d i d  n o t ,  w e  had a mechanism f o r  determining t h e  ex ten t  

of depos i t i on  a t t r i b u t a b l e  t o  occupat ional  exposures and r e l a t i n g  t h i s  t o  t h e  

t h e o r e t i c a l  models t h a t  had been used e a r l i e r  t o  estimate t h e  deposi t ions.  

- 2 -  



Considering t h e  l e n g t h  of time t h a t  t h e  program has been e s t a b l i s h e d ,  

t h e  t o t a l .  number of 286 cases seems somewhat smal l .  This  i s  s t i l l  a r a t h e r  l a r g e  

number, however, consider ing t h e  s e n s i t i v e  n a t u r e  o f  t h e  program and t h e  

informal. arrangements n e c e s s a r i l y  used t o  keep t h e  program supported. 

t o t a l ,  242 r ep resen t  non-occupat i o n a l l y  exposed personnel  and 44 r ep resen t  

personnel potentially occupat ional ly  exposed t o  plutonium at Hanford. 

F 

O f  t h e  

._  

The types of samples c o l l e c t e d  have v a r i e d  according t o  p a r t i c u l a r  

i n t e r e s t s  prevalent  a t  t h e  time t h e  samples were taken,  bu t  i n  all cases  

lung, l i v e r  and bone samples were obtained although occas iona l ly  some of t h e s e  

results were l o s t ,  

i n  1960 when s t u d i e s  commenced t o  assess t h e  e x t e n t  of  plutonium depos i t i ons  

i n  t h e s e  samples, e s p e c i a l l y  following chronic occupat ional  exposure to l o w  

The rou t ine  c o l l e c t i o n  of pulmonary lymph nodes w a s  i n i t i a t e d  

a c t i v i t y  aerosols .  

analyzed f o r  Pu were blood, pancreas,  p r o s t a t e  and seminal v e s i c l e  samples. 

Also c o l l e c t e d ,  but  on an i n t e r m i t t e n t  b a s i s ,  and 

The 

s p e c i f i c  l o c a t i o n  for t i s s u e  sampling w a s  not  s p e c i f i e d  t o  t h e  p a t h o l o g i s t ,  

and as a r e s u l t ,  t i s s u e s  were taken from t h e  most convenient o r  randomly selected 

areas of t h e  designated organ. 

The sample weights v a r i e d  considerably;  f o r  i n s t a n c e ,  t h e  lung samples 

v a r i e d  from 10-300 grams, t h e  l i v e r  samples from 15-300 grams, and bone samples, 

which were taken from t h e  r i b ,  va r i ed  from 4-25 grams. 

t h e  lymph nodes, although r e f e r r e d  t o  i n  some of t h e  d a t a ,  has l i t t l e  meaning 

inasmuch as t h e  nodes were not s t r ipped  c l ean  of a s s o c i a t e d  t i s s u e .  

The weights of  

The chemical procedures used i n  analyzing t h e  t i s s u e  were t h e  s tandard 
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procedures used for  t h e  sepa ra t ion  of PU i n  e x c r e t a ,  and t h e  d e t e c t i o n  of t h e  

r e s i d u a l  PU was by counting t r a c k s , i n  NTA f i l m  exposed t o  t h e  depos i t i on  of  l3.1 

on s t a i n l e s s  s t ee l  d i s c s .  

ob ta ined  us ing  t h i s  procedure, 

I n  recent  y e a r s ,  s e n s i t i v i t y  o f  about 0.05 dpm was 
c 

However, only average or  expected y i e l d s  

from t h e  chemical procedures could be used because t h e  f i l m  d e t e c t i o n  technique 

i s  u n s a t i s f a c t o r y  f o r  t h e  d i sc r imina t ion  of v a r i o u s  i so topes  of  plutonium. 
._  

The pa tho log i s t  when submit t ing t i s s u e  samples avoided, where poss ib l e ,  
i 

samples evidencing g ross  abnormali t ies  although it was no t  d w a y s  poss ib l e  t o  

do SO. In each case t h e  co rone r ' s  statement o f  death w a s  obtained and included 

with t h e  d a t a  so t h a t  t h e s e  i r r e g u l a r i t i e s  may be considered,'  

r e s u l t i n g  d a t a  on lung deposi t ions may no t  be considered normal i n  t h e  case 

of 'pulmonary emphysema o r  carcinoma. 

For i n s t a n c e ,  

The radiochemical. analyses  of t i s s u e s  from former Hanford plutonium workers, 

presented i n  Table I, show t h a t  f o r  a number o f  t h e  former long-term Hanford 

workers, small but measurable i n t e r n a l  depos i t i ons  of plutonium were found. 

For t h e s e  ind iv idua l s  some 523 u r i n e  samples were analyzed f o r  plutonium during 

t h e  course of  ' t h e i r  work with t h i s  ma te r i a l .  A p o s i t i v e  bioassay result, i , e .  

samples with a c t i v i t y  g r e a t e r  than 0.05 dpm, was obtained f o r  only one employee 

where t h r e e  p o s i t i v e  u r i n e  samples appeared following t h e  a c c i d e n t a l  i n h a l a t i o n  

of  plutonium oxide dust .  The r e s u l t s  were evaluated as having ind ica t ed  no 

s i g n i f i c a n t  depos i t i on ;  l e s s  than 1% of t h e  maximum permissible  body burden 

of 0.04 p C i  wi th  bone as a r e fe rence ,  had occurred. The d a t a  presented i n  
= 
a Table I are i n t e r e s t i n g  i n  t h a t  they demonstrate t h e  presence of small body - 
a 

0 
-$= 

depos i t i ons  of plutonium i n  plutonium workers whose depos i t i ons  are below 

d e t e c t i o n  with present  bioassay su rve i l l ance  techniques.  

d i sappo in t ing  i n  t h a t  t h e  s e n s i t i v i t y  was i n s u f f i c i e n t  t o  o b t a i n  s t a t i s t i c a l l y  

- 
The d a t a  are, however, 
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good results f o r  bone and t h e  lymph nodes. 

t h e  absence of more p o s i t i v e  u r i n a l y s i s  d a t a  wi th  which some of t h e  cu r ren t  i d e a s  

of r e t e n t i o n  versus  exc re t ion  could be t e s t e d .  

Another d i sappoin t ing  f e a t u r e  is 

- 3d/m/g A review of t h e  d a t a  shows t h a t  t h e  l a r g e s t  depos i t i on  of 130-x 10 

occurred i n  an employee who was not  involved i n  any known acc idents .  Assuming 

s tandard  man parameters ,  t h i s  concent ra t ion  impl ies  0.lnC i n  the  liver. Since  

15% of t h e  plutonium i n  t h e  blood reaches t h e  l i v e r ,  aga in  us ing  ICRP parameters ,  

a blood content  of 0.7 nC is  indica ted .  

i n t a k e  such a depos i t i on ,  i f  occurr ing  a l l  a t  once,  and i f  excre ted  according 

Depending on t h e  t i m e  of sampling a f t e r  

t o  t h e  Langham model, would be de t ec t ab le  according t o  present  p r a c t i c e  f o r  

about 9 months after in take .  The worker i n  ques t ion  w a s  sampled mostly on a 
I 

q u a r t e r l y  b a s i s  bu t  a t  no t ime d id  u r i n a l y s i s  y i e l d  p o s i t i v e  r e s u l t s .  Recent 

experiments with inha la t ion  o f  plutonium oxides  by dogs conducted by Dre. B a i r  

and Park“) a t  Battelle Northwest i n d i c a t e s  t h a t  t h e  exc re t ion  rate as a 

percentage of body burden may be considerably smal le r  than  t h a t  given by the  

Langham model and depending on t h e  state of t h e  plutonium inha led  may preclude 

d e t e c t i o n  by u r i n a l y s i s  of t h e  autopsy r e s u l t s  r epor t ed  here. 

Bearing i p  mind t h e  l i m i t a t i o n s  of t h e  program, p a r t i c u l a r l y  i n  

e x t r a p o l a t i n g  sample a c t i v i t y  t o  t h e  t o t a l  a c t i v i t y  f o r  t h e  organ concerned, 

t h e  d a t a  i n d i c a t e  t h a t  t h e  lung and t h e  l i v e r ,  f o r  t h e  major i ty  of  cases ,  are 

t h e  f a v o r i t e  si tes f o r  deposi t ion.  There a r e  29 cases  where e i t h e r  t h e  lung  or 

t h e  l i v e r  is  p o s i t i v e  and i n  19 of t h e s e  29 cases  t h e  l i v e r  contained a h igher  

concent ra t ion  of Pu than  d id  t h e  lung. The f a c t  t h a t  t h e  lymph nodes do not  

seem t o  conta in  high concent ra t ions  o f  Pu can be r e l a t e d  t o  both t h e  unce r t a in ty  

of t h e  sample s ize  and t o  t h e  unce r t a in ty  as t o  whether o r  not thelymph nodes 

.- 



t h a t  were obta ined  represented  those  having t h e  h ighes t  concent ra t ion .  It is 

of i n t e r e s t ,  however, t h a t  t h e  bone depos i t i ons  do not  show t h e  o rde r  of a c t i v i t y  

expected. The t a b u l a t i o n s  of t h e  ICRP'') suggest  tha$ when i n h a l a t i o n  i s  

t h e  rou te  of i n t ake ,  one might expect f i v e  t imes t h e  amount i n  bone as t h a t  i n  

liver. However, t h e  d a t a  of Bair, e t  d,") sugeest  f o r  t h e  acute  cases, 

beagles  s a c r i f i c e d  soon a f t e r  i n t ake ,  t h a t  about t h e  same amount of plutonium oxide  

w i l l  be seen i n  t h e  ske le ton  as  i n  t h e  l i v e r .  Park has repor ted  about four  _ _  
t imes  t h e  amount of  Pu oxide i n  t h e  l i v e r  as t h a t  i n  t h e  bone f o r  dogs s a c r i f i c e d  

a t  900 days a f t e r  in take .  Langham") r e p o r t s  about t h e  same i n  t h e  ske le ton  as i n  

the  l i v e r  f o r  a r a d i a t i o n  worker exposed occupat iona l ly  t o  both oxide and n i t r a t e  

for 12 years  p r i o r  t o  a r a d i a t i o n  acc ident  at Los Alamos. 

show t h a t  q u a l i t a t i v e l y ,  i n  10 cases  out  of  23, t h e  amount of Pu i n  t h e  l i v e r  is  

The autopsy results 
* 

at  l e a s t  t h r e e  t imes t h a t  i n  the  bone, assuming t h a t  Pu is  uniformly d i s t r i b u t e d  

through t h e  mass of t h e  organ (s tandard  man parameters) .  

Langham, e t  al ' ')  repor ted  t h e  r e s u l t s  of  measurements of  plutonium 

concent ra t ion  i n  t i s s u e s  obtained at autopsy from nine  ch ron ica l ly  exposed 

workers at Los Alamos. Their  measurements show q u a l i t a t i v e l y  t h a t  t h e  r e l a t i v e  

t i s s u e  concent ra t ions  a r e ,  i n  decreasing o r d e r ,  r e s p i r a t o r y  lymph nodes 

>lungs > l i v e r  >bone. 

data c l e a r l y  fol low t h e  suggested p a t t e r n .  

I n  only one in s t ance ,  t h a t  of case  31, does t h e  present  

For comparison, data from t h e  l i t e r a t u r e  regarding plutonium d i s t r i b u t i o n  

i n  t h e  human body and i n  dogs a r e  presented  i n  Table 11. 

cases  as a func t ion  of amount of depos i t ions  and work experience are presented  

f o r  t h e  ind iv idua l s  l i s t e d  i n  Table I t o g e t h e r  wi th  non-occupational cases  i n  

Table 111. 

The frequency of 
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TABLE I1 

PLUTONIUM DISTRIBUTION DATA-OBTAINED AT AUTOPSY FOR 
HUMANS AND BEAGLE DOC23 EXPRESSED AS PERCENTAGE OF THE BODY 

BURDEN AT DEATH OR AS PERCENTAGE O F  THE INTAKE FOR THE DOGS ( 5 )  

( C )  ( b )  Beagle Dogs Radiation 
Worker Pu Citrate I n j e c t i o n  Fuc! I n h a l a t i o n  

(9  Langham ( '1 Reference Langham et a1 

Skeleton 66 

L ive r  23 

Lungs 

Res p i  r a t o r y  
Lymph Nodes 

Spleen 0.4 

36 

49 

10 

3 

0.3 

Stover  e t  al 

( a )  Autopsy data obtained f i v e  months a f te r  i n j e c t i o n  of 
Plutonium Citrate. 

Occupationally exposed t o  plutonium for 12 years p r i o r  t o  a 
r a d i a t i o n  accident  a t  Los Alamos. 

D i s t r i b u t i o n  d a t a  a t  death,  900 days a f te r  i n t a k e  expressed as 
a percentage of i n i t i a l  intake.  

( b )  

( c )  

(3 Park e t  a1 

0.4 

1.7 

25.0 

14.0 
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TABLE 111 

Categolyl 

DISTRIBUTION OF DEPOSITIONS BY WORK EXPERIENCE 

Number 
of Cases Percentaqe of Cases 

c 

Work i n  
Pu F a c i l i t y  44 68 18 14 48 18 34 

17 1 0 82 
Nan-Radiation 83 1 7  Workers 77 

Environment& 
Residents  165 85 10 0 15 0 90 

I 

The d i s t i n c t  break between t h e  number of cases  at a c e r t a i n  burden l e v e l  

f o r  t h e  plutonium worker and t h e  non-plutonium worker and t h e  environmental  

r e s i d e n t  suggest  t h a t  t h e  l a t t e r  two belong t o  t h e  same c l a s s  as having rece ived  

plutonium predominantly as worldwide f a l l o u t  from weapons t e s t i n g .  

The frequency of occurrence of measurable organ depos i t ions  as a func t ion  

of t ime working with plutonium i s  presented i n  Table I V .  

TABLE I V  

DISTRIBUTION OF DEPOSITIONS AS A FUNCTION OF LENGTH OF EXPOSUm 

Percentage of Cases 1 
Lung Liver  Years of  Number 

Exposure of Cases Units of x d / m / @ ;  Units of x d/m/& 

< 1  > 1  < 1  > 1  
- # 

< 5  

> 

30 

14 

97 

72 

3 83 

28 65 

17 

35 
I I 



Q u a l i t a t i v e l y  it can be concluded from t h a t  t ab le  t h a t  t h e r e  i s  a g r e a t e r  

l i k e l i h o o d  of a l a r g e r  depos i t i on  with increase i n  exposure t i m e .  

i s  whether t h i s  i s  caused by longer  exposure t o  a chronic  low-level concentrat ion 

S t i l l  unknown 

of plutonium o r  expresses  t h e  inc reas ing  l i k e l i h o o d  of involvement w i t h  a 

minor o r  unnoticed acc iden t  with increasfng time o r  a s s o c i a t i o n  with t h e  element. 

As t h e  program has evolved, both c o r r e c t i b l e  and u n c o r r e c t i b l e  def i ic iencies  

have appeared and should be noted. 
.- 

The p e r  cent  of y i e l d  of  t h e  chetbical 

procedures needs t o  be known more p r e c i s e l y  f o r  each i n d i v i d u a l  sample. 

a n i m a l  d a t a  i n d i c a t e  v a r i a b i l i t i e s  as high as a f a c t o r  of 3 between i d e n t i c a l  

samples processed us ing  NTA f i l m  a n a l y s i s  technique. 

t h e  samples with ~lutonium-236 and use alpha spectrometry i n s t e a d  of NTA f i l m ,  

thus t h e  pe r  cent  of y i e l d  f o r  each sample w i l l  be known. 

i n  t h e  t o t a l  weight o f  t h e  lung, p a r t i c u l a r l y  as a s s o c i a t e d  with t h e  cause of dea th ,  

Recent 

It is  now p o s s i b l e  t o  t a g  

The l a r g e  v a r i a t i o n s  

prevented e x t r a p o l a t i o n  from a sample weight t o  an estimate o f  t h e  a c t i v i t y  i n  

t h e  t o t a l  lung. To s t anda rd ize  t h e  r e s u l t s ,  t h e  e n t i r e  l e f t  lung,  including t h e  h i l a r  

lymph node s e c t i o n ,  is  now being used f o r  a n a l y s i s .  

i n  s i z e s  t h a t  weigh a t  l e a s t  200 grams. 

The l i v e r  samples a r e  now t aken  

There has been much d i scuss ion  concerning 

t h e  s e l e c t i o n  o f  t h e  bone sample. Various a u t h o r i t i e s  i n d i c a t e  t h a t  t h e  bone 

depos i t i on  f o r  Pu seems highest  i n  va r ious  l o c a t i o n s  such as t h e  r i b ,  sternum, 

v e r t e g r a e ,  femur and e t c .  Other f a c t o r s  a d d i t i o n a l l y  e n t e r  i n t o  t h e  s e l e c t i o n  

of t h i s  sample such as convenience f o r  t h e  coroner o r  t h e  p a t h o l o g i s t  t o  o b t a i n  

t h e  des i r ed  samples e i t h e r  due t o  l o c a t i o n  o r  because of i n t e r f e r e n c e  with 

b 

f u r t h e r  processing of  t h e  cadaver by t h e  undertakers.  After much d e l i b e r a t i o n ,  

t h e  sternum has been s e l e c t e d  f o r  f u t u r e  c o l l e c t i o n  and ana lys i s .  The s t r i p p i n g  

of t h e  t racheobronchial  lymph nodes i s  not being r o u t i n e l y  undertaken due t o  

t h e  d i f f i c u l t y  of l o c a t i n g  them. They w i l l  on ly  be taken when c l e a r l y  abnormal 

s i t u a t i o n s  e x i s t  which make them r e a d i l y  observable  o r  they  appear t o  t h e  
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pa tho log i s t  t o  be of p a r t i c u l a r  i n t e r e s t .  

Autopsy programs, l i k e  o t h e r  measurement programs, r e q u i r e  p r e c i s e l y  

s p e c i f i e d  and controlled-imput from o t h e r  sources  i n  order t o  secure  t h e  

maximum information. 

occupat iona l  exposure h i s t o r y  on t h e  employee. 

l e n g t h  and type  of exposures,  d e t a i l s  on known e a d i a t i o n  i n c i d e n t s ,  a e r o s o l  

concen t r a t ions ,  p a r t i c l e  s i z e  d i s t r i b u t i o n s  and chemical forms and r e s u l t s  

of s u r v e i l l a n c e  programs such as whole body count ing and bioassay eva lua t ion .  

The most d i f f i c u l t  and least p r e c i s e  information i s  t h e  

Typica l  of required data are: 

I n  conclusion,  an autopsy program can become a u s e f u l  ac€junct t o  t h e  

t h r e e  d i f f e r e n t  measurement techniques used t o  a s s e s s  organ doses due t o  

i n t e r n a l l y  deposi ted rad ionucl ides .  

as t h e  number of p o t e n t i a l  exposures t o  new and l a r g e r  q u a n t i t i e s  of contaminants 

i nc reases .  

t h e  age of t h e  occupat ional  worker who has  perhaps a l r eady  rece ived  prolonged 

low-level exposures. 

programs can po r t r ay  vary according t o  S t a t e  l a w ,  company p o l i c i e s  and 

perhaps t h e  ex ten t  of personal  a s soc ia t ion  between t h e  pa tho log i s t  and t h e  

i n v e s t i g a t o r .  

t y p e ,  it i s  a h ighly  recommended source of information which can be developed 

i n t o  l a r g e r  programs through t h e  increased p a r t i c i p a t i o n  of h o s p i t a l ,  o t h e r  

medical personnel ,  and o t h e r  si tes without adverse p u b l i c i t y .  It c e r t a i n l y  

The importance of t h i s  program inc reases  

Addi t iona l ly ,  as  t h e  age of t h e  nuc lear  i ndus t ry  inc reases ,  so does 

D i f f i c u l t i e s  and t h e  s e n s i t i v e  na tu re  t h a t  such 

I n  s p i t e  of t h e  problems a s soc ia t ed  wi th  a program of t h i s  

g ives  i r r e f u t a b l e  information as to t h e  concent ra t ions  and l o c a t i o n s  of t h e  

depos i t i ons  of  contaminates i n  m a n  as a result of  environmental  pb l lu t ion .  
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