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i I  : lt has been difficult t o  five credit t o  specific 

'. individuals for. their qontributi& w u c h  m e  included in . .. 
I !  : 

t i  I 
. this chapter. Some of fthe work wss' dono o t  other s i t e s  a d  

,- . -  
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.. 'Following the discovery.of plutodwa, tho detemninabion . - -  .,. .; 

. :  

' of .its h a l f  l i f e  as 24,300 years, !and the fact,  that- th,e . . . 
. .  
0 ;  j . 

' material i s  alpha U C t i V 8 ,  it boCaZIle . .  ! oLViouo that elsborete .. * .  . . 

rrom harm. Expcr5ence In the radium tndustry had' indicnted. .,, . _  I . ' ' 

posited, i n  the body were 7 capable of producing ser'ious . '  ' . .  . ... . .. . :. _ _  . 

atory have be'en ringed about. . , ,1~h1'el~~orato protective . . . .  ;.- . _ .  

. -  

precautions were necessary if tho. worker. WCB t o  be protected. . . , 

clearly that verg small' m l o w t s  of: the radium element de-'. :-. .. . ' 

- . .  
:- I . * !  

. ?  

. - .  A .  

i -  

. .  a .  . 
- ,  

. .  . I  , I  . .  
illness or doath. As d result ofitheso ' ,  . _  consldorations, the 

. . .  1 . '  

conditions undar' whkh ipluto&& La handled i n  the labor-. . .  ', ', . . . . ' 

. . .  
. . .  

..- . I . . 

. -  
1 ,  . . .  

. .  -. . . - ,  

. .  
, I  

; J. regulaC%?!hs and dewlcas. 
L,. & 

, _  I 
I In addition, however, it  scomed)ii@y doairable, if 

not; cssential, to  know a s  precisely as possfble tho amount 

of Rlutonium in the individual woikor. Animal oxperinhn- 

tation i n d i c n t e d  that the plutonium content of the urino 

and fecgs would bc a. useful W i d e ' t o  the total amount of 

ulutonium i n  the bodyo I t  was decided to u m  urfne f'or'tlm 

f # 

. .  i 
* f  

I 

. 
& - I .  %, . < .i - \I c *  

-/- .- .. - f 
1 5 i routine dotermiriation(3) primarily because of the greater 

oase i n  handling urine' samples. ' A s  w i l l  bo discussed 
: [  

t 
t- 

tolow,  i t  appears that  i n  - nmans the mount  of plutonium 

oxcreted.por ciky i n  Sreator in tho urinc than In the r'ecos. 

I n i t i d l y ,  t~ tonta t ive  maximum poimissible body con- 

t?nt of plutonium w u s  cstnbllshod on nn arbitrclry basis. 
i From purely physical consideratiins it seemed that plutonium, 

. .  



, *  . .  
lveight for weiyat, should be approximately one-fiftieth 

as toxic as radium. .Since tho toleranco amount of radium 
_,__ . .. . i  ' . <  

is generally accepted 88  , .  0.1 microgrk ln the body, the 

plutonium tolerance value was inltially sot at  5.0 micrograms 
t ,  . . 
. .  

- .  - 
in the body. 

. In order that one might estimate the plutonium coctqnt * .  

. .  of t h m  body throw$ a m l y s f s  of the urine, it w m  noccssary . 
first t o  a a t n b l i s h  tho oxcrotion rate, c. PrelImSnary cxpori- 

menta'') >7?ith rabbits Lncllcated that a f t er  the f i r e t  two 

or throe Vreeks of plutonium Intake, approximately 0.01;9 of 

that rotained in the body I s  excreted in a 24-hour urine - .  . 

spechue- IViang oxcyetion experimcnd. with other animals 

and man s v o  shown that this i s  naarg-the correct value 

for tho sub-acutc oxcrotion rato. Hecent work disc6osc?d 

s 

a .  

.. 

. 

elsewhere indicates that this figure may bo ppoatcr than 
c -  r/ r-. - 

the true o x c r o t i o n  rate o r  plutonium which has been in the 

body fop a year or more, 

O.Ol$ may have t o  be reduced in the futureo 

. .  
It is po:.sible ' ihat the & w e  of , 

*- 

~ a If 5 microgrgs is &'be the body threshold, and 0.01% 

excrstion i s  msumod, then analytical procedures ctipable of 

datoctlnq 28 alpha counts par minute (plutonium) in a 

24-hour ur~nh specimen, or 2 counts per mlnute I n  a 100 fi 

3Pochon  should be u3e(1;:Pteo ' bin cdnorpbion pkocodure, 

d o c c r l b u l  la tor ,  k~at dcs i jpod specLflcal ly  to assRy 100 m l  . 

3 1 1 0 5 5 0 8  
. .  
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servcd Its purpoee w e l l .  , However,' when it became apparont 

- .  . ! ,  I .  

toxicity was too high, !it. WRS ovldbnt s i  

suff ic iently s&sl.tivo.! I 

theaa-o olements ahoned ' that SI f'actor 8 

much safer and therefore the plut 

the method was not . , 

f j  
:Comparative ; I  * tgxlcity studlos w i t h  . $  

'of ten would be 

1 I . . !  tol*rancQ 

ly t i ca l  procedura'ahould detec t  a t  l eas t  0.2 micropans i n  
- . ..*- the body, therefore' 0 . 2 . x  loo4 microgrm in a 24-hour urine 

spcclinen would be s l p i i ' i c a n t .  

imen 

sample, ithe nethod must then be sufficient to detect 0.7 x . *  

.. . 9 .  Sinco t h g  avorace- imEHe apec- 

. .  
> -  . used in Chicago is approximate y 113 of a 24-hOU' 

. .  

I /  . -., 

j.."..sc -ii -k 

loo5 rdcmgram or 0.4 alpho dnuta of plutonium. . . _  ' ' . 
a . .  

. .  '. 
t '  The problrm 'of detectink such ' s m a l l  quantities of 

. -  
I 

plutonium was mainly one to be soTved by the development of . 

adequate counters. Dr. 'Jesse and!-associates have prodtrced 
I 

, . - r  

. .  

. .  t .  .. . 
/- 1 counters with backpounds t 

rsith'such counters 0.2 counts por. I minute can -'oo detooted 

with fair ~.ccuracy. Countm5 times ' long, Or 'uOursO. 
t i  1 .  

of -less. than 0.1 count per minute. 
1 

.. 

.. 

It should be pointed ow- "hat I t  contadnation is ono of 
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; : 4 ,  
! . .  

I * .  

. .  . . .  . .  
. .  .- 

. _  

. . .  ._. . . ' .  
. .  

. .  

urine 3 s  carried out under "storiie" conditionso - : 

It i s  the purpose of this chsptsi' 1 to present a detailed 
. -  

- -  - i  1 
- -.-- . -  -.- . _  doscription of the methods used i n  the'detection,of plu- .- 

- .  
- *- i 

. tonium in humans and t o  br ief ly  discuss . .  the results. In . 
I 

closing, suegetations are  given lor :tho I '  

i: . 

establishment and 
. _  t - . .  operation of D laboratory for the detection of plutonium . ,  

* .  

. . .  
1 ) .  - in Individuals workinr: w i t h  or i n . e e a s  1 :  contaminated by the 

element. r .  

LstImstion of Plutonium in  the Dody 

2.1 ?.!ethods of  Urlne AnR1g.sI.s: A k v s y  of the cinalyticnl 

methods f o r  plutonium used by thc chorniotrg d i v i s i o n  rc-  

voalcd thst with c e$tain. modifications some of those dpJlt -. 

t . _  
-. 

I .  

e ,  

' 2, 
-.. 

. 
. ,. a 4f. 

be used t o  assay urine, ' A  direct IR  

cipitation from a small 

adequate for  n h y  

the concentrat-ion 

i'luoride pre- 

a method 1s not applicable hs too large I '  

lanthanun I s  required. 

Q quantity of. 

In'a ddi-tlon, certain s --. alts' in the 

urine may cause di f f i cu l ty .  

In the development .. of' analytical methods ni>Wcable to . 

.urine analysis the time clement as well R S  mmpowcr rsquire- 

meats t o  assay a ~ l v e n  number of samples i'iorc considerod, It 
was f olt that an adsorption procaduro would. offer tho _- great- . 

a s t  possibility of' routinely aasayinc daily kho largust -, 

ranbc): of spticincns trith e rn5nim-m of porsonnol- 

t 

i. 
t 
i 

. T  
: 
I 
1 

Ao vas 
i 



I . .  ' ,  

I .  

i i. 26. , I  . 
I.. . - -  

., I .  

. -  

It was prevlodsly menttoncd that plutonium 1s el%dnated 

I 

- from the body in the urine at .a fairly constant rate-the 

rate being approximately 0.01% per day. 

posed on the baalts of some very preliminary exdretlon studies 

T h i s  fi.gure waa pro-" - 
. -  . .  . - ' - 

on r abbita(l)o 

dogs showed that the excret ion rate nay vary by a factor of 

five i n  the different spacies(11l It w a s  f e l t  neoeasary to 

Subsequent e&riments on' d o e , .  rats, and 'II 8 

. 

.... - , .  
. -  

establieh independently the exCretion rate. of humatU8. 

The fecal plutonium cxcretion, however, varied as much as . 
. , *  

a thousand fold from apociea to species. '&I8 made I t  d i f f i -  

cult to  assign any rate f o r  human fecal plutonium ekcretion, 
. 

4 
4.1. Resdes of Hmari Exoration Studie'cit 

#? 

. urinnrs excretion of plutoni.um. &e* -experiments were 

begun within a f e w  weeks (one at Chlcago) In which plutonium 

was injeoted into a human and ths p l u t o d w  excretion .. followed 

daily, During the first 15 days of the experiments there was 
* .  

. .  l e s s  than lO$ dwfersnce between the d a i l y  urinary plutonhm- 

excrotion of the individual .stud$>d by Dr,- W. L a g h a m  and 

associatea at LOB Alamos and the' Zndividual. ratudied by . 

Dr. J. J, Nickson, E. R. Russell and associatea at Chiaqo.  

The individual studied by Dr. J. Go Hainilton at Berkeley 

1 

I -  

\ 

siioiiad a a f i e t l y  lower exc?trtion but no& by & factor of 2. 

3'ollowhg the initial period c?hore a' rapid docrease ln the' 

omretion rate 

i n  the result; 

.' 2 0 0 5 b l  I 

A 3  obaorvod, thore was 8 slight divergence 

obtained f r o m  the three sub3euta. The individual 



studied st Loa Alamoa sholrod an average daiLy excretion of ! , *  

. slightly less than Oo02$, the one ait Chicago slightly above 
.- . 

. .. . .- 
* 

0,012;a and the Individual  at J5erkeley:elightly leoa  than 

. 0.006s&, These values persisted over a 100-day period, S h o e  

'these experiments w'ore completed, two: additional atudies have 

been made at Chicaga, 

individuals af ter  the first two weeks' has romained between 

c 

0 .  

. .  . ..- 
I _  

-. , .  
The'excretlon rate of one o f  these 

-. - 

. 0.010 and 0,015$ per day. Tho o t h r  individual was not . - . 

., 
... 

availabls for further study af ter . the  16th day. 

In view of the f a c t  that the majority of the urinary.- . 

plutonium excretion studies on humans ha e indicated that ' . 

- .  
-. 7. L' ,a. 4 

a sub-aoute apr'ct ion rate of O,Ol$ por I s  very nearly 

0 .  

correct, this value appears t o  be a t  th a reasonable 

one t o  use i n  determininfi the concontration of plutodum i n  

tho body of workerso 

. 

It may be pointed out that the urinary 
. . .  , -  plutonium excrotlon of do~a(l3) parallels that of man. 

Fecal excretion of plutoniumo In addition t o  following 
/:-> the urinary excretion of plutcnium-<-f, the above individuals, ' _. .- 

the plutonium content or  the &.ally fecal  specimens was.also 

dsternined. 

'oasis of animal excretion studios, that the plutonium fecal 

* . -  

It has been predicted by several workere on the 

excretl.on rate would be Ereator than the urinmy excretion 

rate, It therefore appearod that stool determinations would 

bo easier to interpret. All of the human studies that have 

beon made hare failed t o  - confirm this thesis, PlUtOAiUXIl in 
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a 24-how;. feoal spaclmen is f r o m  2 t o  4 tines l a a s  than tkat 
i n  a corresponding 24-hour urine speqimen, , - . . 

. . . . . .  __.,... ... 
! 

. The average daily Peaal'plutonllb excretion f o r  the . .  

four caaee s t k e d  is.0.003$ rang- from O.OOl$ to 0.006$ o f  

that contained i n  the body. From the d i f f i o u l t i e a  I ,  enaountered 

in detecting 2 x 10-5 mic&&~ama of plu$onium, it would appear' 

that aurveys of personne3 through fecal: onalyais would be .'. 

. -. - I  

a -  I; 

1 .  . 1 ,  8 .  d i f f i c u l t o  

4.2 Distribution of Plutonium ?.n the Body: The developmen% - . t  - : 
and underatanding of any aatlsfna2org meane of plutonium 

therapy is dependent upon a knowlodge of t e dlatribution of 
<' 2 

the' element in*the organism. 

. . -  . .  

43 2 
Si'nce nearly 90$ of the plutoa- 

iu;a finding i t a  way in the body i a  retain t/ d thore for  many 

yaars I t  i s  vitally important that w e  week some means of 

increasing the excretion rate, 

means of therapy is to  learn i n  orhat organs the plutonium i s  

concentrated. 

. 

Tho first step i n  devising 

- .  i :  

There have beoA mamy experlmentdinvolvine animals i n  

which pluton%um was injeoted and at some later date its 

CEotribution determined. The majority of .these t e s t s  have 

ahom that the l iver,  spleen, bone marrow, and lymph nodes are  

3;i3 p i l n o i p l e  s i t a s  of deposition, Tho s m o  goners1 dtatribu- 

t i o n  haa been found for the one faArly.noma1 human whLch waa 

c- otudied, The distribution data 1s given in Table I, I n  c -  

addit ion the dfatributlon of piutonltiiii in a fma'la cont&irring 



. . .  . 

. ' i .  

. .. . .  

. .  
. *  

. .  . .  .. 
I *  ' . i  , !  . . .  

. .,.. .- .. ! .  . .  , I  
. . I  

I .-. ._ - -  .. 
z ., ' - approximately 00 miaropamsrras dotermined (aoe Table IZ.) ' 

- .  . .  ,--. . . 2 This individual had mapy abnormally functioning organa and 

'. therefops the distribution may not be representative.' 

- 

1% is . 
a . .  . . I  

.. 
< -  

& - .  
. _ _ _ _  . 

.. interesting to  note that even under th& oondltions the ,mr- _ _  
' .  . i l  . 

: . 

- .  . . .  . , '  i : .  . ... 

row and. bone are  among the principle s i t e s  ? '  of depoaltioa. 
. i , . .  .: 'L ' ,  t ; . ' * .  

' 'Ck&y . 
..'. ' , .. : . .  Table' I . I  : .  . .  . . .  - ' F & L / & L  ..:, 

. .  - .  . .  

. .  . . .  Diotrlbutioa sf flufordun in a Ge-year, White Hale. - .. 

(155 days after injection of 6,5 ug of plutoduto. as the aitrate) . , . .  A' . . .  , .  

Gpams' of !. . SCts/gram . ' :  *Relative.- ' . ,  .. . 
oE tisaue . Affinity for.  . ,.: , .  

analysed Plutoniwl . .  I . * " . .. - 

. .  _. 
.: tissue ' ,  

. .  . .  
Tlasue - .  ' .. 

. .  
. . .  . .  - .  . . _ .  . -  
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Table 11 

. .  ... . -  . , I  . '  . . . . . . .  - '  . .. :i,;*.;*:... ...... i -  , . . . . .  .? .... . .  . . . . . . .  . , .  . _ .  a .  

. : , :.._ ...... : ....... . .  . .  - _ .  . , *, . . . . . . .  . . .  
. . .  . . . . . . . . . .  

-. 
.. 

. .  
.!. . * - .. . .  

. .  

.. ; - - .  . .  Distribution of P1utonftnn"in . ,  ,a 54-year, i :  i . W t e .  Female , ' . . :..; - ' . ' ... --.:- .-.,. . 

. . . .  (16 days after ' inject ion of 94',91 : of pluton&& a'itrate) -: . .  . .  1 .  . . .  ' . .  

. . .  . . .  . , :  . 
, _ .  . . . .  . .  

. .  . .  
. .  . . ' Gs.sn\s of o(ots/grm ,:- %Relativa . .  

* of?tiosua - . .Aff in i ty  for :. . I.*' ' 

3 1 U t O 3 i U J P  . . . .  

Tisvue 

Marrow (r ib  

. B i t  (corZex)  

, a  . .  
- .  . ' .. ticsus . 

- - ' -  .'Annlysed 

. . Callus. and bone 
C~llus. (bone fr 

KLdney :.. . . . . .  
. .  

Thgrold 

contents 
(lower bqw 

Liver ;:-= 
* *  

0.90 

. 0.75 

6,045 ' . .  Pancreas *, - -  
Periosteum ( r i b ) ,  . 0.461 

. 14,40 a ! 107 0.65 ' 

? 

Lung 
5 e860 ' - t :  96 0.58 ,i ' 

,, 
Fat 

Sploen 

hunqr (liver) - . 
Heart 0.42 - . I  . - -  

; I  I :  194 ._ -. . , 0.57 . . .  
. ,  . .  

. +- 

ovary (1.). 

Xntestinea ( s m a l l )  . ' 3.40, i '  : !  46' . e. 

X;cFcle (strfated) 15.52 I 1 0 .  ' 0.24 

L. Node (abd.) . . ' . -  ' .  1.53 ,' 1 ,  48 -* 0.29 

0.2'1 
0 . 2 G  

I !  

Intestines ( l a r g e )  6 e 8 7  * I  , 4 3  

22 0.13 Blood (heart c lo t )  1 . 835: 
w = cts/Cram found (r cts/gram sssumlnp, equal distribution 

. .  .. 3 2  

* I  

throughout the body. 
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a .  
I .  

. .. 
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2 i :, . . 
1 .' 

i 

e!,: I '  a 
Bone Marrow 
Radius (Frag. head) 

Liver 
Rib (Cortex) 

Patella 
Vertebra 
Sternum 
Rib (Whole) 
Pcriosteum (Rib) 
Spleen 
I;..dnC.y 

Thyroid 
A d r e d  

Lung 

-- 
-- 

.0320 
<- 

-- 
.007 l a  

'.0070- 

,0050 
-- 

.0007 

.0002 

.cooi 

.OW4 

.0003 
Pmcreas ' 0002 

Coiuds 

Lymph Node } *i- 
Teeth (Av. of 7 )  

Lxge Intestine 

S ~ i u l l  Intestine 

iluscle and Skin 

B i d  

Balance -- 
Total -- I 

d h i . s  
.0210 , 

L e  n -- ~ 

Av. %/g 
I 

-0 101 

-- 
.O 136 
. o m  .- 

-- 
.0073 
.eo7 1 
.0052 

3037 

.om1 

.oo 15 

.oo 14 

.co 13 

.oo I I 

.MI09 

.lJljilf 

.W07 
-- 

.wu3 

.0002 

.oil02 

.@M 1 
-- 

.oca l( 
-- 

Rel. Pu I Org. 

-- I -- 

1.5 200 

1.0 300 
1.0 30 
1.0- 14 
0.6 950 

0.G 65 
0.5 -- 
0.5 700 

( ' b ~ z c i c e  nssimed to have sani:;2 ~u content as n-uscle. 8 :  

' i  
("Vdue for bload taken at 30 day point, Fig. 3. 
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APPENDEL. 5 
. I  

Reconstruction of whole rib from divided samples. 
were consulted and computational and typographic errors corrected. 

Original data 

Case No. 

Chi- 1 

Pu conc 

Sample (%/i 1 

Sternum 0 -0047 
Rib, cortex 0.0016 
Periosteum 0.0046 

Marrow b. spiculesa 0.0160 
Whole rib (calculated) 0.0079 

Rib,  cortex 0.0210 
Marrow 4 0.0196 

4f. 
Whole rid (calculate.5) 0.020 

Cal- 1 R i b ,  cortex 

Periosteum 

Sample 
weight 

(R) 

4.38 
1.0125 
0.1215 

0.8292 
I .963 

0.43 - 

0.2065 
0.6365 

0.0072 9.0 
0 .a048 0.445 

Trabeculae O.O3! 9 0.84 
M a n o s  O . O i 9 Q  - 

b Whole rib (calculated) 0.0381 140 

'$0 dose 
in 

sample 

0.001 6 
0.00056 
0.0.133 
0.0155 

0.0090 

0.0040 

0.001 3 

0.065 
0.00216 
0.0269 
0.019 
0.113 
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TO: 1. 

. 
M. M. Shanahan 

FROM: .. A. F. Stehney . . .  

* i  

MIT Radioactivity Center 

. -  RER Division 

SUBJECT: Exhumation of CHR cases with prefix number 40. 

. .  
- .  . . .  . .  _ .  . .  . .  . .  

.Enclosed are folders containing copies of all CHR information on ten 
radioactivity patients in the "40" series. These are all t h e  cases in 
this series for which we now have death certificates. 

Please take the necessary steps to locate relatives and obtain permissions 
to exhume acy or all of these ten persons. It should bs noted that we want 
to examine the remains in order to determine the  microscopic distribution 
of residual radioactivity from past medical treatment. 

-.f I 

.. 

'.. XW 3 

Today, I received from A. F. Stehney copies 
ten CHR cases: 

* /  - 

. 40-oai 40-00s .4o-ooa 40-011 
4d-004 40-007 40-010 40-013 

.Date A. F. Stehney, Deputy Director 
Center €or Human Radiobiology 

of folders for t h e  following 
. -  

40-015 
40-017 

Date 

dk 

CC: R. D. Evans 
R. E. Rowlmd 
CHR Records Room . 

M. Id. Shanahan, Ceputy Director 
MIT Radioactivity Center 

8 0 0 5 b 5.3 
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