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Following the discovery .of plutonium, tho determination 

of .its h a l f  life as 24,300 ycars, 'and the fact that the 

mnttJrio1 I s  alpha a c t i v e ,  It bcjcame oLvious that elffborate 

precautions were ncce.ssary if tho worker tscs t o  be protected 
. -  

harm. Zxperionco in the radium CnduoCry had indicated 
. .  clenrly that very small amounts of the radium element de- . . . 

posited i n  tha body were capable of produclnz 86FiOUS 

i l] .naso or doath, As a result of theso consldoratlons, the 

ConditLona under nhich.plutonium l s  hnndled in the labor- 

atory hnvc been rinp,cd akout ,\7fth elaborate protective 

reQ;ulntl-o%s and d e v h o s .  - -:f. 
4- 

In addition, however, it scomed/iipmy dcsirablr,  i f  

nGt cs:r.ntial, to know as  prec i se ly  as poss ib le  the amount 

of' plutonium in the Individual workor. Animal oxperinan- 

tatLon Lndicnted that  the Tlutonium content of the urine 

and f e c s s  would bc a. useful p i d o  to the total nrnount of . 

plutonium in the body, I t  YIUS decided to UDO urine for the . 

routine dctermination(3) primarily because of the greater 

ow.8  i n  handling u r i n e  s a m y l c s .  As w i l l  bo discussed 

Lclow, I t  sppears  thot i n  numans the amount o f  plutonium 

oxcre t e ( l  ?oil r iny is zroatcr i n  tho ur5nc than In the  fecos, 

, 

Initinlly, R t c n t n t i v c  maximu? pci-missible  body con- 

t:sit of plutonium ' N D S  cstablishod on r m  orbitrnry basis, 

I . ' rOn p u r e l y  physical considerations it seomed that  plutoniui, 

- - -  00!!2030 
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I weight f o r  weirat, should be approxlmntoly o n e f i f t i e t h  I 

! 
. as toxic as radium. . S i n c e  tho tolerance amount of radium 

* i  

. is Genor&Lly.accepted as 0.1 microgrk in the body, the 

I 

I 
! 

i 

i 
I 
I 
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. 

plutonium toleranee value was initially s o t  .at 5.0 microcrams 

in the body. ' 

I . .  . 

' I n  order that one m i f l h t  estimate the plutonium col=%ent 

of tZlo body throu(b e m l y s l s  of the urine, i t  vns nclccssary 

first to n s t n b l i s h  tho oxcratlon rato,  Prellmlrinry cxpori- 

nents (l) yi th  rabblts  indlcated that' a f ter  the f i r s t  two 

o r  tkrcc weeks of plutonium intake, approximately 0.01% of. 

that ro ta ined  in the body is excretod in a 24-hour urine 

specimen* h n y  oxcrction expcrimcntg- with other animals 

and man give shown that t l l i z  is near 

f o r  t hc  siib=acutc oxcmt ion  r n t o .  Hecent work disc;lcaod 

elsewhere i n d i c a t e s  t h a t  t h i s  ficure may bo gro'ntcr than 

the  true oxcrc t ion  r a t e  of plutonium wh!-ch has been i n  the 

body for a ycnr  or moro. 

O.Ol$ may have to bo reduced i n  the future. 

. 

. 

the  correct valua ' .9 
* .  . 

r '- 

It is po:sible i h a t  the figure of , 

Sf 5 mlcromums is to be  the body threshold, and O.Ol$ 

excretion ia a s ~ u m o d ,  t h e n  unalyticel procedures c ~ p a b l e  of 

d o t o c t l n l :  23 alpha counto  per minute (plutonium) i n  E 

24-hour ur1r.A gprcimcn, o r  2 c ~ u n t c  per  rntriuts i n  3 100 fi 

S P o c l  mcn s h o u l i  bo ucieqt:o t c ? .  

d o c c r l o u l  l a t o r ,   JUS dcsi1;nud specifically to assay 100 nl 

~ i j ~ c i n o n s .  . 4ny 9pccLrncr1 E' iOi* ; inG l e s s  than 2 alpha count3 

ijcr nLnute was not  conGidored s i ,Tni f icant .  

P.n zclzorpt ion pi>ocodure, 

. 

This procedure 

L -- 
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servcd 

. I  

i i  ! 

1 '  

w e l l . .  However, 

I 

when it became 

d_ -.% ' .  . 

appar'ont 

that  tho factor of f$l'ty between radium snd plutonium 

toxicity was too high, ' 2 t . w ~ ~  ov idont  the method was not 

surficientlg -s&sit ivo. '  :Comparative tpxicity studlos with 

theaobo olements ahoned t h a t  f~ f'actor 'of ten would be 

much safer and therefore the plutonium toloranco threshold 

* :  1 .  

. 
f i  

i t  

- 3  

t . ,  
I ( . . .  . 1. 

. .  38s loaered to one mlcro~;rnm. . .  . .  
If the toloranco thrmsholc! l o  1.0 micro.ry-an; ihe anu- 

l y t i c n l  proceduro'should d e t e c t  at l east  0.2 microgram in 

the body, therefore 0.2 x loo4 microgram In a 24-hour urine 

spcclmen would be slgnificmt. Sinco tlis avurep,o- urlnc cpec- 

imcn 

s a m p l e ,  &ho nethod muat then b e  su f f i c i ent  to d s t e c t  0.7 x 

loo5 micr:egram or 0.4 alpho counts d er minute of plutonium. 

Smaller s m p l c o  present  an e v e n  more difficult problem. 

used in Chicago is approximate p lpd of a 24-hour 
>.*'a -a 4 ,  1 

The problam of detoctln!: .such s m a l l  q u a n t i t i e s  of i 

plutonium was m a i n l y  onc to be o o l v e d  by the  development of 

adequnte counterse Dr. Jesse and .associates have produced 

c o u n t e r s  wlth bnckKrounds of l e s s  than 0.1 count per minute. 

Llth such counters 0.2 counts p e r  minute c a n h  d e t e c t e d  

vAth fair accuracy. Counting t i m e s  arc long, of coursoe 

It should be pointed ou-- -hat contamination 1s cno of 

t -- 
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urine 4 s  carried out under "sterile" conditions, 

. .  
. .  
' .  

. 
I 

It is the purpose of this chapter t o  present a d e t a i l e d  
. I  . 

dcscription of the methods used in the'detection,of plu- . .  

tonium i n  humans and to b r i e f l y  discuss the results. In. . 

c los ing ,  suaeetions a r e  g iven  i'or ;tho establishment and 

operation of a laboratory for 'the detection of plutonium 

in individuals p10 rkinr; w i t h  or in, arees contamtnated by the 

element. 

# 

i :  
' ' 

. .  

* 2. Cstirnat ior t  of P'lutonium J.n tho Dod.. - 

I 

r 

r 

I 

t 
? 

i 
I 

I 

2.1 ?l.ethods of Urln6 Ancrlgsis: A survey of tho onaly t icn l  

methods for plutonium used by t h c  chomiotry division rc- 

voaled thg-t with c &ta l *  modlficrtions some of thoso  mip&t  
. -  - -.f , - .  

be used t o  essay urine, f. d i r e c t  l n  fluoride pre- 

c i p i t a t i o n  from a s m a l l  volunc 01' 

adequate f o r  m m y  purposos.  

t h o  concen t r a t ion  of  

a met.YLod 1 s  not o p p l i c n b l e  ns t o o  lnree Q quan t i ty  of 

1snthanu-n is r equ i r ed .  In a d d l t l o n ,  c e r t a i n  s alts in the 

urine may cause d i f f i c u l t y .  

I n  t h c  dovclopment 01' a n a l y t i c a l  methods ni)nl icable  t o  . 
u r i n e  nnolgsl3 t h o  t i m q  r l rment  a s  vie11 A S  rnnnpowr require- 

m m t s  to assay  a R i v e n  number of' s ~ m ~ l e s  v c r c  cons ide?od,  It 

vias folt t h a t  an ndsoz-ptlon proccduro c o u l d  offor  tho Great- 

c:st possibility of' r o u t l n c l y  assayinr. daily the largost  - ,  



. .  

.It ua3 previously mentioncd tbt  plutonium is eliminated 

from the body in the urine at a fairly oonstant rate--the 

rate being approxhately 0.01% per day, This fi.gure was pro= 

posed on the baels of some very preliminary exiretion studies 

.-r . 

. .  

on rabbits''). Subsequent experiments on mioe, rats, and ' 

dogs showed that the excretion rate nay vary by a Factor of 

f i v e  in the dlfferent spccies(ll1 It was f e l t  neoeasary t o  

establioh baependent ly  the excretion rate.. of hWsan0. 

The f e c a l  plutonium cxcretion, however, varied as much 88 . 

a thousand f o l d  f rom spociea to species, 

cult  to assign any rate  for human fecal plutonium excmtlon.  

This made I t  dkfi-. 

5.1 Rosult"s 

Urinary 
3' 

begun within 

=as injected 

' I  
of H w o n  Excretion Studie 's :  

i 
excro t ion  of' ~ l u t o n i m ,  p e e  experiments were 

a f e w  weelre (one nt Chicago) in which plutonium 

i n t o  a hunm and the p l u t o n i u  excretion followed 

d a i l y ,  DurinG the f i r s t  15 days of the experiments there was 

l e s s  thm lO$ dtffsrence between the  d a l l y  urinarr plutonium 

excrotlon of the Individual studied by Dr. W. Laaghnm and 

associatea at Loa Alanos and the h d i v i d u a l  s tudied by 

Dr, J. J, Nicksan, E. R. R u s s o l l  and associatea a t  Chlaego. 

The indlvldual atudiod by Dr.  J. Q ,  Hamilton at Berkeley 

I 

\ 

. .  
- 7 1  ,..o;~sa 3 s l i a t l y  loJrer e z c T y t l o n  b u t  noL br a f a c t o r  of 2. 

?oil.ovinz the i n f t i a l  period F;hore a rep id  docreaae in the 

O - * . C r 3 > 1 l o n  rato 13 ob3orvoe, thore WDB a slight dlvorgance 

in the r03ul ta  obtained f r o m  the thres subjecta ,  The lndlvidual  
. .  

P -- 
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studied st Los Al8rnoS showed &", &?rerage dai2y  e x s r s t i o n  of 

slightly less than OoOZ$, the one at, Chicago slightly above 
I .  

C).c)lZ!'jb and t h e  indiv idual  at Jxwkoley's l ightly l e s a  than 

OmOOS$o - Those values paraistsd over n 100-day period, S h o e  

these experiments were completed, two additional studiea have 

been made at Chicagb. 

individuals after the first two weeks has rumained between 

The excretion rate of  one of these . -  

0.010 and OmOlS$ per day. Tho otbrer individual was not . 

available for further study after tho 16th day. 

In vieu of the fact t h a t  the majority of the urinary 

plutonium excretion studies on humans h a p  indicated that 
- . o  . 

.I -'lp -3 

a sub-acute sxcrction rate of O.Ol$ por is very nearly 

c o r r e c t ,  this value appears to be st th a reasonable 

ono t o  u3e i n  d e t e m i n l n y !  tho conccn t r a t lon  of plutonium i n  

Lho body of wo;.kers, 

plutonium exc ro t ion  or dogs(l3) parallels that or m a n .  

It may be pointed out  that  the urinary 

k'ecn3. excretion of plutaaiuno in addit ion to f ollovring 

the u r i n a r y  o x c r e t l o n  of plutcnlum of the above indiv iduals ,  

the  p lu ton lua  con ton t  of tho c . n i l y  f e c a l  specimens was also  

d s t e m i n e d .  It has becn pmdic ted  by several workera on the 

basis of  sn lmal  e x c r e t i o n  studies, that the  plutonium f e c a l  

sxcl-etlon rate would be Kreator than t h e  u r i n a r y  excretion 

r o t o ,  It t h e r e f o r e  appearod t h a t  s t o o l  de t e rmina t ions  would 

bo easier t o  i n t e r p r e t ,  A l l  of the human studies tha t  have 

beon made hare f a i l e d  to conf i rm t h i 3  thesis, Plutonium in 

. 

. .  
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a 2.i-hour fecal  specimen is from 2 t o  4 tizes l eas .  than that 

in a corresponding 24-hour urine apeqimen, . 
. The average daily fesal~plutonltk excretion for the 

four casea s t id led  is.O.003$ ranging from 0,001$ t o  0.006% of 

. that contained i n  the body. From the diffioultierr enoountered 

in detectiw 2 x 10's mic&grams of plu$onium, it would appear 

that surveys of personnel through fecal 'nnalysie  wotlld be .'. . . 

. .  

. . 1 .  

d i f l ' i c d t , .  . .  , 

4.2 Di3tribution of Piutonfum !.n the Body: The development . : 
. .  

and undo~standlng of any satisfnctory neans of plutonium . .  

therapy  l a  departdent upon a knowlodge af - tpe  distribution of 

the' element indthe organism. 
-., 

" 2 i 

Stnce  nearly 90$ of the pluton- 

iurn f i n d i n e  i t a  nay in the body I n  reta in  / d thore for  mnny 

y c a r s  i t  i s  vitally i m p v t a n t  that ne week some means of 

increasing the excretion r o t e .  Tno first step i n  devising 

means of theropy l a  to l e a r n  in vrhot organs the plutonium LB 

concent ra ted ,  . .  
. -  

There have beon m a n y  exporlrnenta involving animals in 

which plutonium was injected a n d  a t  aome later d a t e  ita 

d i o t r l b u t i o n  doterminod. The majority of these tests have 

, a h o m  t ha t  the livar, sp leen ,  bone mrroor, and lymph nodes are 

t l o n  hno been found for the onc fairly.norma1 human which waB 

n t u 2 i e d .  The distribution data  is given i n  Table I, In 

- 
000203b L .- 
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. .  approximtelg 90 

. . -  

: I  

mioropamsnas dotarmined (see Table If. 1 

. .  

. -  

.: . This individual had many abnormally functioning organs and . 
0 

. .  .". , .. . 
. .  
. .  - .  

therefwe the distribution may not be re'presentatl~e~ It is .. 

interesting t o  note that even under these oonditions the mar- 

row and bone are amonc the principle  sites of deposition. 
l 

(155 days af ter  Injection of 

Tlasue G r a m s  of 
tisoua 
an alyo ed 

I 

Rib (cor tex)  1.0125 

L.Xodes (aorta) 0.63 

Lung 15.39 
T o = l t i  c l e  4,3425 

(Glandular) 
Kidne; 2?" 35 

H s m t  4.9435 

Dici?hra- 35.73 

,*ibuoninnl Fat 17.05 
21 l e  8 cc 

- 

6-5  ug of plutonium as the citrate) ' - 

dCts/gram 
of tisaue 

70.9 

59.8 

2 0 . 6 .  I -, 

4 . 

11,l 

7-4  

7 0 2  

7.0 ' 
1 '  

1.7 
1-2 
1.0 

0-2 

? 

1.00. 
0096 

0.37 _ .  . -  

0.33 
.. 

0.24 

0.17 
0014 

0.03 
. --- 

ii = cto/gram f'oucd + cts/gran assuming equal dlatribution 
throughout. t h o  bodj.  

e -- 
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Table 11 . 

. - -  
- - _  

Diatrlbutlon of Plutonium 1n.a 54-year, White Female 
a (16 days after inJection of 94.91 :!.Q of plutoni& oktrate) 

Tiaaue  0s.m.s of . o(ots /erm ,- aRelatlvo 

. I  
- .  ' 

t icauo * of tirrsue A f f i n i t y  for 
- . .  'Ann-lgft ed PlutoniurP 

. (1040. . 
. -  Marrow ( r i b  0.2065 1399 . . .  

Gib ( COP k ex) 
, .  . 

' . I :I239 . - :_ I .  -7008 
.. . 00430 

' ..' 5002 , , - .  1 %  . .  Callus and bone 0.1933 . 1'828 ' .  - .  

' 534 . "- 
' '. 3017 . Callus (bone free) * 0.262 

Kidney 

Thyroid 

Contents 

P; --*' Liver 

TancreRs - 
Periosteum (rib) 

Lung 

(lower bowel) 

Fat  

Sploen 

Tumor ( l i v e r )  

Heart 

Ovary (1.) 

L. Node (abd.) 

h t e s t h e s  ( s m a l l )  

13tes t ines  ( l a rge )  

&,. ",,,le . P n 

Blood (heart clot) 

( s t r i a t e d )  

- 

- 6,OO : 
2,64 

3.0.05 

0.70 

6.045 

0.461 

i 

14 , 40 

S 650 

10.850 

1.97 

. I ,  40 

1,975 

1.55 

3.40 

6.87 

15.52 

1.835 

360 . .. . '. 2010 
1 ' 226 _. l e 3 7  

183 -1*11 

Lcj2 1000 

1 4.8 0.30 

0.75 

107 0.65 

96 0.58 

e 94 - , 0.57 

I .  71 . 0.43 
l .  70 '. .. . '  0.42 

I 63 .-__; 0038 

, 40 ' 0.29 
1 

46 0.2'1 

. .  I !  

... 

. 13 0*2G 

- '10 0,24 

22 0.13 

% = cts/grcin found o cts/crnn aosurninp, equal distribution 
t h r o u a o u t  the body . -, 


