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DE'I'ERMINATION OF PLUTONIUM IN HUMAN FECEs*

) ". ~ Br ELIZABETH 'MAXWELL, ROBERT FRYXELL, axp
B WRIGHT H. LANGHAM

(Pm the Los Alamn Scientific Laboratory of the University of California,
Los Alamos, New Mexico)

(Received for publication, September 24, 1947)

| Thstonc effects of j)lutomum on the human body depend on a consider-
, shle number of physical and biological factors. One of the most important

biological factors is the rate of elimination of plutonium from the body.

The ratio of fecal to urinary excretion of plutonium by the rat is of the
order of 10:1. This is, indeed, a favorable ratio. Preliminary mforma.txon,
bowever, indicates tha.t. the excretion ratio for the human is much less

-favarable.

It is imperative tha.t the fecal excretion of plutonium by the human and
the ratio of fecal to urinary output be carefully determined. Information
on these factors was extremely limited, partially because of the difficulty
of analyzing human feces for extremely small amounts of plutonium.

This report presents a relatively accurate and consistent method of
analyzing human feces for trace amounts of plutonium and some of the
experiences of this laboratory during the process of developing such a
method.

Methods

Collection of Sample—Fecal specimens, representing from 1 to 4 days
excretion, are pooled and completely emulsified in 2 M HCI by heating
on a steam bath with rapid stirring. The weight of HCI used is ~bout
twice that of the feces. A suitable aliquot by weight is taken for analysis.
The size of the aliquot chosen depends both on the expected radioactivity
and on the total weight of the sample. In general, not roore that 250
gm. of the emulsified sample should be used in any one analysis. Two
aliquots of each sample are analyzed.

Ashing and Solution of Semple—The aliquot taken for analysis is trans-
ferred to a large porcelain crucible and placed in an oven at 110°. When
completely dry, after about 24 hours, the sample is heated over a Bunsen
burner until a dark gray ash remains. When there is no further evidence
of charring and ashing over the flame, the sample is placed in a muffle -

® This paper is based on work performed under contract No. W-7405-Eng-38 with
the Manhattan Pm)ect at the Los Alamos Scientific Labcratory of the University of
California.
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PRIV, DETLAMINATION OF PLUTONIUM IN FECES

furnace at 800° for 8 to 15 hours. Tbe resultxng ash varies in color from
white to a reddish white. '

Solution of the ash has proved to be a rather difficult problem, and severa] *
methods have been tried. The following procedure, however, has proved
satisfactory. About 60 ml. of 4 M HC! are added to the crucible containing
the ash. The slurry is heated under an infra-red lamp for about 15
minutes. The partially dissolved sample is transferred to a 200 ml. cen-
trifuge bottle and the imsoluble portion is centrifuged. The superna-
tant is transferred to another 200 ml. centrifuge bottle. The insoluble
portion is washed once with 4 a HCI, the wash being added to the original
solution, and is transferred to a platinum crucible. About 10 ml. of con- 7
centrated HF are added, and the slurry is taken to dryness under an infra-
red lamp. The residue is taken up in about 5 ml. of 4 N HCl. The part
still remgining undissolved is centrifuged and discarded. Many unsuccess-
ful attempts were made to find an easy method of dissolving the residu-:.
However, good recoveries have been obtained on feces samples with known
amounts of plutonium added at the first step of the ashing procedure and
carried through the entire process, in which the insoluble residue is dis-
carded. It is, therefore, thought unnecessary to attempt to dissolve the -
residue and to include it in the final solution.

Delermination of Plutonium in Solutions of Feces Ash—A number of
methods for determining plutonium in solutions of feces ash have been
tried. These will not be described in detail, since they have all proved
inferior to the method finally adopted. -

The first method attempted consisted of hydroxide precipitation fo]—
lowed by cupferron extraction. The chloroform phase from the extraction
was wet-ashed to destroy the cupferron. Finally LaF; precipitation was
carried out and the LaF; was transferred to a platinum plate and counted
in an a-counter. This method was entirely unsatisfactory.

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

It was found that calcium oxalate precipitation carried reduced plu-
tonium quite successfully. The addition of calcium to the ash solution
is not recessary, as the natural calcium content of feces ash is adequate.
A description of the method which was finally selected follows.

The ash solution is adjusted to pH 0.4 to 0.7 with methy! violet indicator.
1 ml. of 3 3 hydroxylamire hydrochloride is sdded. The solution is heated
under an infra-red lamp for about 2 hours to facilitate the reduction of
plutonium. The pH is readjusted with the same ir.dicator.
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in color from
“ ‘Pecessary to start the precxpxtatxon The solution is left standing’ oveiii‘“’
a, and several night to insure complete carrying of the plutonium. The precipitate -
r, has proved is centrifuged and washed once with 0.1 M oxalic acid. About 10 ml, ‘of
le containing fuming HNO; are added, and the solution is taken to dryness under an’:
for about 15 infra-red lamp. The residue is dissolved in 25 ml. of 2 M HCI and trans.
200 ml. cen- ferred-to a 125 ml. separatory funnel. 5 drops of 3 a hydroxylamine and 1 -
‘he superna- mg. of iron are added. The acidity of the solution is adjusted so that g -
‘he insoluble bright green color is obtained with methyl violet indicator. After hour, -
» the original for reduction of the plutonium, about 1 ml. of 6 per cent cupferron solution is
) ml. of con- added. Four or five extractions with about 2 ml. of chloroform for each
der an infra- e:mction are carried out. More extractions are necessary if all of the
{. The part o
¥ unsuccess. SO Tasee I
the residu-. .jm of Enown Amounts of Plutonium from Solutions of Artificial Feces* Ash by
with known g Calcium Ozalate-Cupferron Procedure -
ocedure and Added Recovered Recovered
;gl’s dls' - Counls per W%, COuNLS per min. o cond
fissolve the 150 145 97
) . 150 140° 93
‘number of - 150 125 83
"have been -7 180 131 &
Bl PIOTEd e e e %
dtation fol- "~ ® A solution whose mineral composition was that which might be expected from
: extraction awm fecal sample.
itation was ;
nd counted iron has not been removed from the aqueous phase. The chloroform phases
are collected in a 40 ml. Pyrex centrifuge cone. The cone is placed in a
f ash solu- water bath and the chloroform evaporated. 1 ml. of concentrated HNOy
aired from and 1 ml. of 72 per cent HCIO, are added to the residie. The cone is then
e tolerated placed in an oil bath at about 100°. The temperature of the oil bath is
e adequate allowed to rise to about 180° over a period of 1 hour. At the end of this
time about 1 ml. of a clear or straw-colored HCIO, solution remains. This
uced plu- is diluted to 5 ml. with distilled water. 2 drops of 20 per cent hydroxyl-
h solution amine are added and the solution allowed to stand 3 hour. 200 v of La***
adequate. .' and 0.5 ml. of 27 M HF are added. The LaF; precipitate is centrifuged,
3 transferred to a platinum plate, and counted in an a-counter for 1 hour.
dxcator
ais hmted = Resulls
duction of = * _Becovery by the above procedure has been tested by adding known
235 ml. d'A_ amounts of plutonium to both artificizl and actusl solutions of human
B 3’2‘1#
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Tastz II

M mAmmudlemw!msdmm'qE”p~
, -d K Calceium Ozalate-Cupferron Procedurs s

Added ’ Racovered
- ovaniy por min. counls por mis. .
© 180 | 127
- 150 | 120
e T 150 117
T 150 116
S 150 119
o 150 _ 110 o
R 100 82
100 88
MORD .o coevverncancaessusarssancorsonceansannses .-
Maximum deviation from mean...............

K Mundevmuon frOmM MeAN. . oo v evvrnrnavanacannaen

. TaBLE III :
w Feces Blank® Determinations by Calcium Ozalate Pmudm, 2
Counts per min.t Devistion from mean Counts per min.t Demﬂ.“ﬁ&
0.3 0.63 1.9 0.7
1.7 0.77 1.1 loar
0.6 0.33 0.9 ;008
0.9 0.03 0.7 .02
1.6 0.67 0.6 . 0.8 -
1.9 0.43 1.2 0.27
0.5 0.43 0.9 0.03
0.6 0.33 0.7 0.3
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
Mesn ... 0.93 0.42

® Samples collected from persons having never been exposed to plutonium,
t Counts per minute. A counter background Las been subtracted from each re-
sult. The counting time for each sample was 2 hours.

feces ash. The results are presented in Tables I and II. When known
amounts of plutonium were added to a solution of the ash resulting from
ashing a 50 gm. feces sample, the mean recovery was 80 per cent. The
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1 48.2
48.2 i}
. 48.2 -
48.2
48.2
.48.2
"48.2
48,2
48.2
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Rocoversd . . Y R
oot Recovery of Enows Amounts of Plulonium from Somples of Humaon
p“ Ozalate-Cupferron Procedure
g Po added Pu recovered® :
77 counls pov min. counls por mim.
» . 48.2 38.5
7 - 48.2 - 40.0
&2 ki 48.2 41.0
88 48.2 71
48.2 31.0
. 80 48.2 2.3
. 7.0 .o 48.2 3.9
N 3.3 483 41.7
- " 48.2 37.9
:m: procedure. ; 48.2 36.0
} . 48.2 25.1
: \I 48.2 42.5
itz Frocedsrs 48.2 42.3
. o 48.2 48.1
I.;' N Deviation from mesa 48.2 43.3
- 48.2 46.4
& 0.97 : 48.2 42.4
% 0.17 - 48.2 45.3
5 0.03 48.2 48.1
% 0.2 48.2 37.5
f‘ 0.3 48.2 41.7
x 0.2 96.8 83.9
< 0.3 96.3 64.4
. 0.3 . 96.8 83.0
g | 0.03 = 9.8 63.2
e g-g . 96.8 2.2
& - t 96.8 77.1 .
E g 194 157.1 .
w Y OO AR \ £0.3
3 0.43 y “ deviation from meaD... ... ..ot l 9.9
3 ' Maximum deviation from mean..... ... -ococoto ! 32.0
ased to plutonium.

* A counter background and s blank value of 0.93 coupt per minute have been
subtracted from each result.

37, When know Fecea samples were collected from persons having never been exposed to
% agh resulting from | plutonium. Analysis of these blank sumples by the calcium o?:alate-
¢ 80 per cent. Tt i cupferron procedure gave 2 small positive value even after correction for
Ko, S the background of the a-counter. The data are given in Table III. The
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" mean bhnk valie: was 0.93 oount per minute, and mean dmstxon from
she mean 0.42 count per minute. - This positive value may ' result from one
or all of three factors: (l)a-uctivitymthefesesasarandtofthepmenca
of naturally ocoutring a-emitters in the body and in-the focd consumed, -
(2) presence of-naturally occurring a-emittess in the reagents, and (3)
contamination of the sample during analysis.

) mmﬂhmmmmhwmobtamedwhenknovmammtsd
plutonium were added to-aliquots of human feces samples before ashing. -
They, therefore, represent the over-all recovery. 'I‘heaedata.showamean
1ceoviy of 803 per cent. The maximum deviation from the mea.nwas

32.0pu'eantandtheaveragedevmtxonwas99percent. c e ; @jh

r)et-- &scnptun is pven of a method for detenmmng plutomum
in human feces. 'Dnmtnlfeatumofthemethodmasfonm The: =
dmdamplenashadmsmuﬂefmnmandtheashdmolvedm4xﬂm,ﬁ_
.llnmduoedphmhﬁhnwned&mmahquotofthefeeesuhwhmf
with calcium or=Yt2 ) The calcium oxalate precipitate is digested with '
fmnmgBNO.andtahmnpm4xHCl Ferric iron is added and the .
_plutonium s extracted into CHCl ss the cupferride. Thewpfm'lde, ;
eranpler js dustivuyud with HCIO,. The plutonium is carried with LaF,, ™
trauciiuied to s plistinm plate, and counted in an acounter. Results with _ Iaolatw
m:dbdhamﬁualmdmﬂhummfmashshowthexwomyof RN pmhcwz
plutonium by this method to be 80 per cent or better, with a mean devi- - ':fi"f“t:“andd:searde"
ation from the mean of 9.9 per cent. e gmundandlmgm.o
.0 I7-  fiask LA sofficient amc
‘ma&-dﬂmtu
far 12 to 14 hours at 5:-
. the cabhage residue su®:;
~ alochol-ether solvent.
and in the presence of :
- eoncentrated at 55-6(°
. (bp. 30-60°) and-th: .
~volume of about 10 c: .
manatmospben of .
‘washed twice with 0.1 ~
“® The research which - :;
Committee on Food Resc:. -
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