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f e z n l  a n a l y s i s  thcn  resslves i t s e l f  in50 d s v i s i n g  s u i t a b l e  



i-esiciue xhich at t i m e s  coiitctins cons iderable  plutonium. 

The most  satisfactory method which was found combines the  

t w o  gene.ral ? rwcedurss .  It is 2:aphzsizcd khat the method is 

not cordpletely s a t i s f a c t o r y  at, the present t i m e .  

--D Met;rLod for ashin.(; f eces  f o r  p_lutonium a n a l y s i s ,  The f e c a l  

s p e c h e n  corita5.ned in R S e a l r l t e  car ton  is d r i e d  at I l O O C .  for 

24 hours 0.;" until the sf:ii;>le i s  brittle, The specimen is then 

-;;ransf'emeli t o  a pjr:c'celalii c r c c i b l e  which is l i n e d  'tulth f i l t e r  

paper an i  i g n i t e d  a t  55i>-60O0C, Tor 2.: howao A f t e r  cooling, 

the ash i s  treated twice with fuming n i t r i c  a c i d  2nd evaporated 

50 dryness,  Tho resfdue is d l s s o l v c d  in 8 rninSmal amount of 

hot M n2tr)i.c acid,  heated for 8 short nhilc: gild centr i fuged.  

ihe r m a i t i l n g  residue 1 s  w?shed with more hot, 6 M n i t r i c  ac id  

and c en t s i fuged .  '&e s u p e r n a t e s  m e  cosbine6 and diluted to 

1,1 - 1,2 id in n i t r i c  ac id ,  

m 

The plutojmiwn i s  no:v r e d x e d  by adding 2 r n l  of a sa tu ra t ed  

T h e  so lu t ion  of' SO2 and allolraing to s t and  at l ea s t  20 minutos. 

b i smuth  phosphate p r e c i p i t a t i o n  which f b l  lows is LdenticE;1 Lo 

that described for trine srmlj 'sis ,  In the experirriental t e s t s  

ehat  have been carrfed out  tho recovery of plutonium has been 

about 80$, 

by the T o Y e A e  and cupf'erron p o c e d u r e s .  

T h l s  compares i'avoreblg with rssoverles obtained 

It was f e l t  that  the personnel  involvod i n  a r o u t i n e  

survsy of plutonium f eca l  sxcret , ion :Irould not compensate for 

Yae r e s u l t s  obtaincd s i n c e  one could n o t  be sure that the 

plutonium d e t e c t o d  Vizs n o t  uriabsorbeC ma te r i a l .  The p r o c e d w e  



may be o f  value in specific cascs, howevero This is pa r t i cu -  

larly true i f  the quest ion o f  ingestion can be eliminated, 

Under such condltfons t h e   mount fn the f eces  represents e i the r  

n a t e r i a l  exc re t ed  by ths bclviel or coushed up f r o m  the  lungs, 

I t  may w e l l  be  possible to 6;Gn an i d e a  of' Lhe amount o f  

plutonium i n  the 1uq;s by s tudy  of the amount i n  the s t o o l s ,  

under ideal. conditions, 

2,3 fJ!etli,ods for the h a a s i s  : The sudden demand 

for determining  t h c  concen:rn; ion O S  plutonisun in a l a r g e  

number of an ima l  t i s s u e s  rnade it necessary t h a t  a method of 

e analysis be adopted with the minimum amount of experimental  

- -0 

background, Lt was fortunate t h a t  the concent ra t ion  of plu- 

tonium i n  those  t i s s u e s ,  most ly  f ra rnra ts  and mice, was s u r -  

i ' i c i a n t l y  hfp& t h a t  d i r e c t  counts could be m d e  and compared 

with the precipitation OP extraction prkocedure adopted, The 

~olution of  the ashed t l s e u e  contaLned only small amounts or 

inorganic salts  and l i t t l e  d1:'L'lculty was encountered in 

ma?<inT B direct lanthar-xn fluor5.de p r e c f p i t a t l o n ;  the method 

. ~ a v e  85;0 recovery,  When l o w e r  concentratlens of plutonium in 

that  such 8 method could not  be used, 

R ~-bb-ram(7)modificd the zirconium phosphate-lanthanum 

fluoride procedure developed by G. h. Moyd(8)and associatesp 

to assay small samples, mostly f r o m r a t s  and mice, Th%o 

met'nod was shoxn t o  s i v e  an avarzge of 857; recovery, though 

various technicians have r q o o r t e d  nxcl-i higher and lowcr results. 
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20, 

to s0e  that  a l l  apparatus was f r ee  of a lpha contamination. 

Duricg this period 222 individual urine spaclmens were anelgsed, 

Nearly 63-7 indicated a body cont,sriC o f  plutonium g r e a t e r  than 

5 micrograms, 30% betwaen 1 end 3 rn-iero::snrus end the reinainder 

Sess than 1 microgram. It was reeo,:n€zed that adjacent roon?s 

In which l w g e  quantitles of alpha-actlVs substances were 

handled contributed g r e a t l y  tel the abnoma3,l.g hi@ r e s u l t s ,  

‘:his was q u i t e  c l e a r l y  dsmonstzated when a s o l u t i o n  ccntaining 

p l u t o n i w  was s p i l l e d  in the rLdjacoiit l a b o r a t o r y  and the 

ernalyticnl results on Vne ur inas  became abnormally high. 

order to avoid a recurp.-?~Ic8 of such contaniination, the ma- 

l y t i c a l  lab was moved to anothar s i t e  whar3 l i t t l e  plutonium 

vas handled i n  nearby TOQEIS, 

In 

Octcbsr, 1944 - Dur%ng kkis pz r iod  628 

i n d i v i d u a l  urine specimens vere  malysed.  

content of over 5 rnicrogrmis of p ~ u t n n i u n ,  25$ b s t ~ e e n  1 and 

1% ind ica ted  a body 

5 rnicrogrms aid the remainder less than 1 mici?ogrmo This 

krermndous drop in the ova~ail actLvbty of t9.s s p e c i a e n a  

indicated very c lea r ly  i h a t  z x b r e m  car0 nust be %&en to 

avoid contamlnation if m g  sEgxli’icrrm 1 s  to be attached to 

the rem1 ts, In a d d i t l o n  b avoid€nys, contamfnation in the - 
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s&a It w a s  during this period 

';hat further efforts were mad- t o  minimize  contamination, 

3ef in i t e  procedures for collecting and har;dllng the specfmens 

vere adoptsd, In tho 208 Snd5viflual specimens analysed, l ess  

than 1% shawec! a body content  of greater than 1 mlcrogram,  

13% between 0,2-1 microgram and the remainder* below 0,2 miCrQ- 

gramo 

as having been d e f i n i t e l y  contmlna ted .  The inc ident  occurred 

vihen several milligrams of plutonium ( c . u i c 1 3  powder) was trans- 

?opted i n  the h a l l  by the analytical laboratory personnelo 

The results obtained on that day were exceedingly high, 

Ten of the specimens k h a t  were zwbnlysed ~ e ~ e  discarded 

Group I1 desults. It bocm..e apparent  duping the above 

p r i o d s  t ha t  four thin-;s must be done f o r  accurato and s i g n i f -  

i c a n t  urir.e analysis, (1.) A n  3.3ct1z't3d l abo ra to ry  free of' alpha 

contamination must be provlded for the analys is ,  

( 2 )  The analy t ica l  nethod must be al tered so tha t  1 w g s  

volumes of ur ine  could be r o u t i n e l y  assayed, 

( S )  Alpha coumnting ins-t;rwnen,z;s nust b t  provrided capable 

of detect ing 0,1 alpha covnt p e r  ~ d n u t o ~  

64) Very d e f i n i t e  r u l e s  of co l l eck ing  and handl.ln,c; the 

specfmens must be followed, 

As a cornpromisea some of the r o o m  in thB south end of the 

?Jew Chemistry Annex were ~ e n o v s t &  to meat  as m a r l y  as 

pssslble the specif icat ions of G non-ccnta;?llnatcd anci f so l a t e r i  



l abo ra to ry ,  I n  November, 1945, r o u t i n e  analysis of t h e  w i n e s  

: ;zp;m R S  n e a r l y  :*s p o s s i b l e  under tho condftions as  ou t l ined  

above, As 01' Peblauary 1, 1945, 216 individual urfno spechmns 

have been analysed ,  L e s s  t h ~ n  3.70 'nave indicated 8 body content 

of P l u t o i T i W  greater  thsn 0,4 ;nicrog;rtun, 6.5% between 00L-Oe4 

uicrogsam and the remainder ksss than O,h micrograme Twelve 

z o n l ~ o l s  of' 1000 m l  each were rim which showed as a msximuns a 

bod7 content  of 0,02 microgram, assuming the a c t i v i t y  to be 

from plutonium, T h f s  rnay be regarded as t he  lower limit of 

sensitivity of the rnsthod as described abovnc 

3,2 Clin ton  Laborato-Aos: During t h e  one-year per iod endiq ;  

February, 1945, 325 urlne specimens f ' r o m  ths Cllnton Labora- 

t o r i e s  were assayed f o r  pIutcn€uiR. ?he,, specimens reprssent 

on17 9 small ~rou!s of persons xcrkiru; u i lder  Gr. L. c i ,  EhgIIsh. 

A s  i n  t he  case of tine C'3icngo s u r v e y ,  the spectanens exw grouped 

accordinc to ce r t a in  chanP;cs ;iizfch -wa?e made in the a n a l y t i c a l  

proced3xae or chnntges I n  t h e  condltlons of ana lys i s ,  

I f iesul ts ,  This group consists of the f i r s t  1'78 

specimens assayed for plutonium, The samples w e m  acicllf'iod 

with hydrochlonic a c i d  and the  ?lutonium adsorbed onko an 

anion exchange res in ,  i H - 4 ,  by shgking in con tac t  with the resfri 

for several P o u r s ,  :[fie ?lutoniwn was then eluted from the 

resiri  with 6 RFI hydrc t h l o r i c  seFd, 

vi6y92 lanthanum fluud.de and eouvlted in the usual mannero 

.t)lutonIum was coprecipitated 
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are not significant but indfca-be that ( J )  tBs reagents  used 

i n  the analyses do no t  contribute to con’iannixxjtion, (21  tha% 

external contam;natiorl is raciuced consi(ierabhe, and (3) tha% 

the consistency of the r e s u l t s  on ti16 c o n t r o l s  would lenc! 

rveiqht to high res . I t a  &r.a-inqd OE the specimens, W e  con“r,ro% 



It was prev loga ly  mentioned that plutonfum is e l fahated  

from the body in the w i n e  at  a f a i r l y  constant rats--.the 

rate being approximately 0.01% per day, This ffgure was pro- 

posed on the basis of some very prelirnlnary excretion studies 

on Subsequent experiments on mice, ra t s ,  and 

dogs showed that the excret ion rate may vary by a factorb of 

f i v e  f n  the di f fe ren t  species(ll1 at was felt raecsrsspIpIy $0 

establirah inaependently ths excretion rata of hwanaa 

The f e c a l  p l u t m f m  cxcratlon, !-I.OWV'BVBP', varied a s  much &IB 

a khousand fold from specles to species. This made ft d i f f i -  

c u l t  to assign any rats for human feca l  plutonium excrckion. 

- I I 0 0 2 4 2  



studled at Los Alamos showed @n average daily excre t ion  of 

s l i q h t l y  l e s s  than O,OZ$, the one at Chicago slightly above 

Qed12% m u  the inuiv idual  at uerkaley s1itZl;tly less  k h a n  

9,006$, These values p e r s i s t e d  over a 200-day period,  Since 

theae exFerLrnents were completed, two additional studies have 

been rnade a t  Chicago, T h e  excretion r a t e  of one of  these 

i n d i v i d u a l s  a f t e r  the first t w o  weeks has remained between 

0,010 and 0,015$ per day, 

ava i l ab le  for fur ther  study a f t e r  the 16th day, 

Thc o the r  individual was not 

In view of t he  fact that the majority of the u r i n a r y  

plutonium excret ion studies on humans have indicated that 

n sub-acuta excrctfon rats of O,OI$J per day is v a ~ y  nearly 

correct, t h i s  value appears to be at this t h e  a reasonable 

one t o  use i n  determining the concantration ei' plutonium 5.n 

the body of workers, 

p lu toniua  excre t ion  o r  dogs(l3) paPablels that  of man, 

It may be  pointed out Ghat tha urinary 

tine w i n a r y  exc re t ion  of' p,luteniu;n of the ~ b o w e  indiviciuabs, 

the plutoniwn eontent  of the &~fLy reed specimens was s1so 

determine&:, It has bsen pzedictsd by several wrkers 013 ths 

b a s i s  of animal excretion studies, that  the plutonium f e c a l  

excre t ion  rate would be grea ter  than the urinnpy excrstfhon 

ra te ,  It therefore appsared that s t o o l  detemn€nations would 

S e  easier t o  i n t e r p r e t ,  AX. oP the human s t u d i e x  that, have 

been made have f a i l ed  to confirm this thesis, Plutonium in 
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a 24-hour f e c a l  specimen I s  fron 2 to 4 times less  than that 

in a corresponding 24-how urine speckranen. 

T h e  a v e ~ a g e  d a i l y  f e m 1  glu%cnf-crra excre t ion  for the 

r o w  cases studied is 0.003$ rangln.5 fsom O,UOl$ to 0,006% of 

that contained in the body, Fron tihe d i f f i c d - t i e s  encountered 

~n deeeetlng 2 x 10-5 microgmrnn of p l u t s n i m ,  it mould appear 

t ha t  surveys of personnel through f eca l  analys is  wonld be 

di f' i' i Cul t 0 

$ 0 2  zfstributisn of P i u t o n i - a  i Z ~  the B0c1x: development 

and understanding of any satisraotory meane of plutonium 

therapy is dep?Ident upon a knonlsdge of cha distribution OF 

tha element; in the organism, 

ILL% f ind ing  its aay in the b ~ d y  f a  r s t a h e d  there for many 

years it 1 s  v i t a l l y  i :n?ortnnt tha:; we week sane neam of 

irlcreasing the excretion sate, T h a  f i r s t  step P n  devising 

means of t he rapy  1s to l earn  in what or*gans ths plutonium Xs 

ccncentrated, 

~ n c e  n e a r l y  ~ $ i  of the pluton- 

There have been many cxpc rhen i s  Involving ariirm3.s in 

which plutonium das i n j e c t o d  and at soz3 l a t e r  d a t e  i t s  

d i s t r i b u t i o 3  determined, The ma3aritg of' thsse tests have 

shown that  the l , f v e ~ ,  spleen, bono marC'ow,, and lymph nodas are 

t;ae princl.pls a i t a s  of depoai%fon,  The s~nie  general  distribu- 

tion baa been founc: for the one f a i r l y  I I Q Z T ~ ~  human which wa3 

s t u d i e C ,  The dratributfon data fs given i n  'hb18 I, In 

a d d i t i o n  ";he dist14bution of pllatonPzim i n  a fanale containing 

- 1 1 0 0 2 4 4  



spproxirnately 90 mlcroqramsms determined ( s e e  Table TI, ) 

"his i n d i v i d u a l  had many abnormally funct ioning organs and 

theref~x~e!  the d i s t r i b u t i o n  mag riot be r ep resen t s t ive .  It is 

interesting to note t h a t  even under these cond i t ions  the mar- 

row arid bone are among t h e  p r i n c i p l e  sites OC doposition, 

Table I 
Diatrlbutioa sf PPuboniw In a E - y e a r ,  \Vhite Hale 

(1155 dags af te s  injection of 6,5 ug of p l u t s n l m  as the citrate) 

Tfssue G r a m s  of a< c P; s / g  i7m. 3R d a  G I  v 0 
t i s a u s  of tieseue Affinfty for 
an a ly s ed P l u t  oraiunr 

0 8292 

34,11 

5038 

0,1215 

32 12 

2,03 

2,87 

1,0125 

0.63 

15.39 
4,3425 

2.: L. 3; 

4 a 9435 
3s 0 73 

3.7 0 05 

8 cc 

70.9 

59e8 

2 i l O r j  

2000 

3.103. 

704 

702 

7,O 

607 

2 - 6  

2-25 

3..7 

3,2 
l o 0  

c)"2 

. 



I . 
. 

Marrow (rib 
2i.b i c u ~ t e x ;  

Callus and bone 

Callus (bone free) 

Kidney 

Thyrofd 

Contents 

Liver 
Pancreas 

Periosteum (rib) 

Lung 

Fa t 

Spleen 

T u m o ~  ( l i v a r )  

Heart 

Ovary (1.) 

Lo Mods fabd,) 
Intestines (srna113 
~ntestines ( l a r g e  1 
Muscle Cstrfatedl 

Blood (heart  c l o t )  

(lower bowel) 

3.399 

1299 
828 

534 

360 

226 

183 

162 

148 

123 

107 

96 

94 

71 

'io 
63 

48 

45 

43 

40 

22 

8,453 

7,98 

5,02 

3.17 

2,h8 

1,37 

bell 

1.00 

0-90 

0075 

0,65 

O " 5 8  

0,5? 

0,43 

0.42 

Oe38 

0029 

0 0 27 

0-26 

0024 

0,313 



5 ,  Summary and Suagestl-ona 

0 

A brief siirvoy of t h o  m e t h o d  ernploycd In t he  detection 

of plutonium in humans has been g iven  w i - t h  ernphasfs on the 

method now being used to survey the p w s o m e l  of the f d e t d -  

lurgical Laborntory, The i n f o r m t i o n  may be of value to any 

orgenizatfon contemplating the r lse of pSutonim. 

There w e  saV@ral  important fac tors  briefly mentioned fn 

the text  which must be consfdersd in order  that a laboratory 

may e f f s c t f v e l y  d e t e c t  very small wounts ,of plutonium: 

(1) ",'he ape0im3no ux-iae QC f e c e s ,  nuet be col lseted 

under conditions where there  is very l i t t l e  chance of O Q ~ -  

tamination, 'h is  is pzaobably CIOLZB by: 

(a) Havfng the individual ct91nove d 1  garments 
possibly exposed to pPutonfmp 

(b) Thoroughly cleazsiag h l m e l f  

( c )  Uslng uncontaminated v s a s d s  for collecting the 

(d) Keeping the spcciuen out; OF c o a t a n b a t e d  apees. 

specimen, and 

. 



(6) Repested u s e  of collsc2;inG v e s s e l s  should be 

nvoidod, if these f a c t o r s  and oxher minor points are 

adhered to, any F o s i t i v c  rcl?s;nlts that arc3 obtained should 

carry consfderable weight, 

. . 



# 

I . . 
Russell, %*Re, Collected Excretjton data; !.dUC-ERR-ZsS 


