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zbe toxic e b b  of plutdum on the human body depend on a consider- 
& number ef phytdd and biological factors. One of the most importaut 
bido&al factons is the rcrte of elimination of plutonium from the body. 
Tbe ratio of fecal to urinary excretion of plutonium by the rat is af the 

ada of 10: 1. Tbis is, indeed, a favorable ratio. Pre- information, 
however, mdimtm that tb excretion ratio for the human is much less 
firwnble. ; , ' %  

It is imperstiVe that thei f e d  excre.tian of plutonium by the human and 
the ratio d fecal to urinary output be carefully determined. Information 
011 these factors was e x t m d y  limited, partially because of the W d t y  
a€ d y x i n g  human feces for extremely d amounts of plutonium. 

This report, preseafs a relativdy sccuT8te and ConSiStat method of 
uratyting human feces for trace amounts of plutonium and Borne of the 
expriences of this laboratory during the process of developing mch a 
method. 

Mt%hoau 
Colltchbn of Stnnpk-Fecal specimens, representing from 1 to 4 days 

excretion, are pooled and completely emulsified in 2 M HCl by heating 
m a steam bath with rapid stirring. The weight of HCI used is *.bout 
twice that af the feces. A suitable aliquot by weight is taken for analysb. 
The Size of the aliquot chosen depends both on the expected radioactivity 
and OR the total weight of the sample. In general, not more that 250 
gm. af the emulsified sample should be used in any one analysis. Two 
aliquots of each samp!e are anaIyzed. 

and Solution of Sample-"he aliquot taken for amlysiy is trans- 
ferred to a large porcelain crucible and placed in an oven at 110'. When 
completely dry, after about ZQ hours, the sample is hated over a Bunsen 
burner until a dark gray ash remains. When there is no further evidence 
of chaning and ashing over the b e ,  the snmple is placed in a mufile 

-.- 

This Wper is based on work performed under contract No. W-7405-Eng36 rrith 
the hi.nhattau Project at the Los Alamoa Scientific Labcratory of the U~ivedty d 
W O r n i . .  
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furnace at 800" for 8 to 15 hours. Tbe resulting ash varies in color from 

$&ti& ob the ash hss p d  to be a rather difficult problem, and several 
m e a d  have been tried. The follonkg procedure, hor=ver, has proved 
satwbry. About 60 ml. of 4 M HCl are added to the crucible containing 
the ash. The slurry is heated under an M m - d  lamp for about 15 
minutes. The prvtialty dissol~ed sample is transferred to 8 200 ml. cen- 
trifuge bottIe and the insoluble portion is centrifuged. The supwna- 
tant is transferred to another 200 mI. centrifuge bottle. The holuble 
portion is d e d  once with 4 ss HCI, the w t d  Wig added to the original 
solutim, and is t d e m d  to  a platinum crucible. About 10 mi. of con- 
centrated HF are added, and the slurry is taken to dxyness under an infra- 
red hnp. Tberesidue btaken up in about 5 d. of 4 N H a .  The part 
stin remaining undissolved is centrifuged and discarded. Many u11success- 
ful attempts were made to find an easy method of dissolving the residu-:. 
Howem, good recoveries have been obtained on feces samples with h o r n  
amounts of plutonium added at the first step of the rrshing procedure and 
canid through the entire process, in which the insoluble residue is dis- 
&ed, It is, therefore, thought un~ecessary to  attempt to dissolve the 
residue and to include it in the ha1 solution. 

Ddtamzkatimr of Pluroniurn in Solulians of Feces Ash-A number of 
methods €or determining plutonium in solutions of feces ash have been 
t r id .  These Win not be described in detail, since they have all proved 
inferior t o  the method finally adopted. 

The first method attempted consisted of bydroxide precipitation fol- 
lowed by cupferron extraction. The chloroform phase from the extraction 
was wet-ashed to destroy the cupferron. Finally h F 3  precipitation was 
d e d  out and the LaF, was transferred to a platinum plate 3nd counted 
in an acounter. Tbis method vas entirel? unsatisfactory. 

Direct cupferron estractions were camed out on aliquots of ash solu- 
tions of various size. About 75 per cent recovery codd be obtaked from 
small aliquots. However, the size of the aliquot whicb could be tolerated 
seemed to vary from sample to sample and was too small to give adequate 
sensitivity. 

It was found that calcium omlate precipitation camed reduced plu- 
tonium quite successfully. The addition of calcium to the ash solution 
is not E-V, 8s the natural cdcium content of feces ash is adequate. 
A decription of the method which ms finally selected follows. 

The ash solution is adjusted to pH 0.4 to 0.7 with methyl violet indicator. 
1 ml. of 3 af hydroxylrunirre hydrochloride is dded .  The solution is hated 
under an infra-red Ismp €or about 2 hours to facilitate the reduction of 
plutonium. The pH is readjusted with the 6amc ir.dicator. 25 ml. of 
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is CeLltrifuged and mashed a c e  with 0.1 M oxalic acid. -4hut 10 d.'d 
~ $ 0 ,  are added, and the solution is takq to h~ un&".&'"' 

am-md lamp. The residue is dissoived in 25 ml. of 2 Y HCl and h' 
f d - t o  a 1% ml. Eeparatory funnel. 5 drops of 3 u h i d r o w w e  ad.1;;: 
mg. iron are added. The acidity of the solution is adjusted so tw'8;';,5 
wt green color is obtained with methyl violet indicator. After 3 h&; : 
f a d u c t i o n  of the plutonium,about 1 ml. of 6 per cent cupferronsolution~ 

1 &. Four or five extractions with about 2 ml. of chloroform for a h  
d m  are carried out. More ex%ractions are necessarg if all of 
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TABLE I 

Cdcium OtoldcGupjerron Procedure 

, : c . 2  

of Known Amounb of Plutonium jrom Solutim of Artijicid Fcccs. A d  
- - .  

Raovacd 

*CaJ 

97 
93 
83 
87 

> ', . .  .... 
90 .,>*-. . ."... MUD ............................................. 

',-,:-, :.A dut ion w!im mineral composition waa that which might be expected from 
-! a b  gm. fecal sample. 

I._ . . _*. , .. 
$... 

has not been removed from the aqueous phas. The chloroform phases 
are d e c t e d  in a 40 ml. Pyres centrifuge cone. The cone is placed in a 
water bath and the chloroform et-aporated. 1 ml. of concentmted HNO, 
and 1 d. of i 2  per cent HClO, are added to the residle. The cone is then 
placed in an oil bath at about 100". The temperature of the oil bath is 
doffed to rise t o  about 180" over a pcr id  of 1 hour. At the end of this 
time about 1 ml. of a clear or straw-colored HClO, solution remains. This 
k diluted to 5 mi. with distilled water. 2 drops of 20 per cent hydroql- 
6 are added and the solution allowed to stand $ hour. 203 y of La- 
and 05 d. of 27 I HF are added. The LqFs precipitate is centrifuged, 
tnwden-ed to a platinum pkte, and counted in an a-counter for 1 hour. 

RCSUh 

. b q  by the above procedure h s  been tested by adding known 
m t s  of plutonium to both nrtificid and actual solutions of human 
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~ c r p r n h . t  Dcrkc#llfnnnmrsn c4lmrsprraiet 

0.3 0.63 1.9 ' 

1.1 0.77 1.1 
0.6 0.33 0.9 

1.6 0.67 0.6 1 0.33 48.2 1 

1.9 0.43 1.2 - 037 96.8 t 

0.6 0.43 0.9 0.m 98.8 
0.6 0.33 0.7 0.23 
0.5 0.43 0.9 0.03 
0.0 0.93 0.2 0.73 
1.7 0.77 0.5 0.43 
1.7 0.77 
0.5 0.43 
0.9 0.03 

0.9 0.03 0.7 

I 

0.42 M a  ............................... 0.93 

-plea collected from persona having never been exposed to  plutonium. 
t Counb per minute. A counter background Eae been subtracted from each re- 

d t .  The counting time for each uLmple W'PB 2 hours. 

feces ash. The results are presented in Tables I and 11. When laom 
amounts of plutonium were added to a solution of the ash resdting'from :. 
aahing a 50 gm. fecm sample, the mean recovery was 80 per cent. The , cup 
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