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Fvices . .

This report was prepored osa icientific aceaunt of Govim-
mantponsied wark, Meither the United Srares, nor the Com-
misicn, nor aay peson actiog on beholf of the Commission
makes any woronty of representation, axpress or implied, with
o Tespect to the accurney, compleliness, or uefulress of the in-

fammatian conlained in rhis teport, ot Fhat the use of wny inor-

malion, apparorus, methed, o process disclotad in this cepan

may nat infringe privarely owned rights. The Commission asimet

ne liability wirh Tewpct 1o the e of, or from damages resulting
- from the use of, any informotion, apparatut,
disclosed in thiy repart,

methad, or pracess
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'~ The methods wuich might be used to analyse tissues for plutonium Tin

reliable. Tissues contalning more than 1 mierogram of plutonium per.. $f
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1. Introduction-

The quantitatlve determlination of plutonium in the various bissues of :.

_the body is of importance from seversl stendpoints. First, the dis-

tripution of the slement in the tissues may be determined, Second, _
therapeutic efforts may be followed and evaluated. Finally, the quas-
tion of uptake of plutonium by humans may be investigated.

In order that the quantity of plutonium may bDe determined by its alpha
disintegration, it is necessary to separate it from the tlssue either
by a direct extraction or from a solution of the ashed material. The
former case would probebly be difficult as the nature of the deposition
of plutonium may be different in each type of tissue and therefore no
uniform procedure could be adopted.

It is apparent that the concentration of plutonium may vary videly aoc-
cording to the conditions of the exporiments. Vhere the experimental

tests involve animals, the concentration of plutonium in the ashed

tissue solution may be suffliciently high so that a known portion of
the solution may be evaporated on & platinum disc and an alpha oount -
made. If the conceantratlion of the ash in solution is sufficiently -
small, the aliquot may be chosen 8o that no signiflcant mass absorption”
of the alpha particles ocours. Difficulty, however, arises when plu- .-
toniurm concentrations are so small that large amounts of tissue must. be
ashed and all of the resulting solution assayed. Between these two ex~
trewe .cases the concentration of plutonium in the ash is such that a
simple co-precipitation of plutonium yith, for example, lanthanum

. fluoride will separate the slement from the unwanted salts, permittihq

accurate determination of the amount present. _,

’t
be divided according to the concentration of the element in the tisaua.-é
It is understood that the method .applicable to very low concentrations .-
of plutonium are also applicable to others. However, slnce there are .

many ore operations involved in assaying low concentrations of plu= ‘¥ @
tonlun, it is desirable to use shorter methods provided they are HgééJﬁ*

- Q'.‘.g-':

gram may be assayed by counting a small aliyuot of the solution ash.- '
Tissues conteining less than 0,0% microgram of plutonium per gram will - ﬁ
require a preliminary extraction from the solution ash., In between e

a these concentrations a simple coprecipitation may be used. S £=“3§

%o Methods for Determining Plutonium in Tissues.

2 2.1 DTissues containing more than 1 microgrsm.of plutonium per - ame". 'mﬁ
M. Ashlag” Tissues are ususlly brought into enalyzeble form by eIther

*  wel or dry mshing. 1In this case wet ashing was selected because the
- tlssues are small and could be expected to be qulokly and eoonamicall?

wdashed.

It is advisable to avoid such ashing agents asa sulfurlo aoid*




as subsequent analytlcal difficultles result. Nitrie aclid and hydrogen
peroxide ashing will result in a residue contalning soluble salts which
have not been found to interfere with a plutonium precipitation. L
L | B
The tissue - femur, lung, liver, auscle, kldney, 'spleen, or mouse car-:. -
cass is dried at 110°C for 24 to 56 hours and transferred to a 300 ml,”
long neck, I jeldahl flask clamped at an angle of approximately 20°. "Two,
ml of fuming nitric acid are added slowly, {lo ml for carcass). After’
the violeut action has ceased, the flas< 18 heuted gently until practi-~
eally all of the 1lyuid 1s driven off. The residue 1s allowed to cool.
several minutes and 1 ml of superoxol slowly added. When the actlon has
subsided the contents are agaln brought to near dryness. The nitrie
acid nnd peroxide treatuents are alternated until a white or light gray
residue 15 obtained. A bleck or dark colored resldue indicates imcom-
plete ashing. OSome residues, malnly from liver tissue, are rust colored;
in these cases the techniclan must rely on experience to tell irf the

ashlng process 1s complete.

The completely ashed sample is treated with 1 ml of concentrated nitric
acid, waried for a few minutes and diluted with O ml of O.1 M nitric
acid. The saaple usually dissolves coapletely with apltation. The
solution 1s transferred into a l1u0 ml volumetric flask. ThekK jeldahl
flask is washed with three o ml portions of v.l M nitric acid. The
washings are added to the volumetric flask, After coollng, the solu~
tion is diluted bvo the mark with weter. The analytical procedure to.
be used to assay these solutions depends on the amount of plutonium

praesent. ;i;.;

In the cnse of wouse carcasses, the specimen should be divided in order °

to introduce them into the Kjeldahl flask. The specimen Is treated: = =« %
with 1v ml of fwalng nitric scid which dgoites them. The tissues burn: . *
vigorously. However, no loss of plutonium has been experlenced at this.

point. Vhen the violent reaction has ceased, the sample is treated as-, ™
are the other tlssues, However, 1o ml of acid and » ml of superoxol . . %
are used, lnstead of thce smaller volumes listed above., For conplete .. -

ashing as many as 10 acld=per-oxide. treatmsnts may be regquired. . = .
L ,
The procedure as outlined will vorg satisfactorily for Yovp of the mousery?
tlssues. About e will contaln en insoluble residue which containsifinz..
sole onses, as much as O0p of the plutonium., Special treatment of this 3
resldue must be understaken. This is discussed below, : T

E L)

= - S
L= ' . . ) : - ’ k :‘_,.
> Rat carcasses may be asned by this procedure but considerable amounts

cn  Of reagents are regulred. A combination wet- and dry-ashing procedure,

o= whieh wi'! be discussed later, is more satisfactory. - A
<o : . . Y

—+ B, Determination of Plutonium. The method to be used to deposit plu~

- and high concentrations of plutonium, This would allow for either a

tonium on a plate in order that an alpha count may be made ia.dapendenti |

on the concentration of the ash and of plutonium. In the case of mouse.
tlssues, excluding the carcass, the solutions contain very little ash .

P

R
v
‘,‘....u-‘-"’ R

- R P ?

'dirgotilanthanum fluoride precipitation from_gn aliquot of the solution’.#
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‘a'ﬂ{fa;ezgddedgqu'l ng of lanthanum (1 ml solubi

or diredt counting of & 1 ml or less allguot evaporated on a counting
disco )

Direct"countin of aliquot. This teohnlgue oconsists of transferring. f?*
1 ml or less of the nitric acid solution of thie tissue ash to a plati-

. pum diss, evaporating slowly under an infra-red lamp, flaming in a gas =

flame and counting, To obtaln the maximum yleld, the sample must not
leave boo large a solid residue, nor must it contain gasecus reagentis
which give rise to bubbling with consequent partisl loss. For con-
venience this procedure has been used o assay mouse Llssues whose ash
solutions oontalned 500 or more alpha counts per minute per ml.

A’ preliminary test indicated that the method was rellable. In the test
U.1 ml and 1 ml of the same solution were counted. The data are givea -

in Table 1.

Table I.
" Sample Composition Volume Gta./mint
of Sclution _
1 Ashed Fenmur _ 1/1000 026
1 Ashed Femur . 1/w0 5335
2 AShéd Liver S 1/1000 . _ _ 676';
2 Ashed Livor I 1/100

" the procedure follows.

- .An aliguot of the nitric acid solution of the tissue ash 1s n;iﬁq‘

Simple lanthsnum fluoride precipitation. Plutonium in the (IIX) and“*%ﬁf
(IV}) osidution states 1s readily coprecipltated as the fluoride with %
lanthanum fluoride. Where the concentration of plutonium is too low
to directly count an aliquot of the ash solutlon and yet too high to . o7
warrant an intermediate extractlon step, a lanthanum fluoride precipli- .
tation to sepsrate plutonium from the other inorganic constituents Ing. ¥
the ash solution may be used., The concentration of calcium imjthe
solutions of ashed mouse or rat tissues is low enough to permil as
much a3 20% of the sclution to be assayed. VWhere the entire gblutio
‘of the ash 1s used, calcium fluoride causes a heavy deposlit off’ the, -
counting dises and absorption errors result. The general outkline of,

25 ml with 0.% M nitric aclid 1n e 50 ml tapered pyrex centriffge
and treated with 2 ml of a saturated solution of sulfur dioxipl
solution 1s agitated and allowed to stand B0 minutes for the 38
of -plutonium to the lower valence states, Ten ml of 3 M nitr§h
fon containing 1 miELa¥
-;,~m<::$35§$$;§ﬁ -dfff?'5 .

L o b
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{g stirred 1n. To this solution is added 5 ml of hydrofluoric ecid.

The solution is aglitated for several mlinutes and the lanthenum fluoride
precipitate, which 18 not always visible, is centrifuged at 2000 RPM -
for five minutes. The supernate 1s discarded and the precipitate ;-ﬁﬁpx
transferred to a platinum disc, drlied, flemed and counted, The precis
pitute 1s transferred by weans of a micro-pipette after slurring mith _
a Tew drops of dilute nitrioc acid. , .

This procedure gives an average recovery of 83k of the plutonium on:.
analysis of several hundred tissues. Some of the data for various -
technicians are given in Table 11, .

Table II.

Lanthanum Fluoride Carryiag of Plutonium
from Mixad Tissue Solutions,

Technician La*% gonc. Trial Plutonium ™
S Recovery . .: ¢
A 1 mg/40 ml 1 84
A 1 mg/40 mi 2 86%
A 1 mg/10 ml 1 83%
A 1 mg/10 ml 2 86%
B 1 mg/4¢ ml 1 82%
B 1 mg/40 ml 2 81%
B 1l mg/40 ml > 84%
B 1 mg/10 ml 1 82%
B 1 mg/10 ml 2 80% .
B 1 mg/lC ml K %

Az was pointed out, when the concentration of sslts becomes too higﬁh o

very lnconsistent results are obtained when meking a simple lanthanuqqy
fluoride precipitationo This is 1llustrated very clearly by the re-..': #
sults given in Table III, The analyses were on a solution of an ashf_a;
rat carcass contained in £50 ml of 0.2 M nitric acld, ; T

i



Table I1I.

Carrylng of Plutonium by Lanthanum Fluoride from an
a#shed Rut Carcass Solutlon.

Solution Finel Volume La*3 used . Plutonium .
Recovery
Rat Carocass 40 ml 1 mg 78%
Rat Carcass 40 ml 1l mg 7?%
Rat Carcass 40 ml 1l mg _ 79%
Rat Carcasa _ 10 ml 1 mg 62%
Rat Carcass 10 ml 1l mg 69%
Rat Carcass 10 ml 1 mg : D9%
Rat Carcass 40 ml 1l mg 83%
Rat Carcass 40 ml 1l mg 86%
Rat Carcass i0 ml 1l mg 74%
Rat Carcass 10 ml l mg ob%

Phe results in Table III are rather uisleading in tiaat 1t appears that
higher lanthanum concentrations carry less plutonium. The actual case
is that s larger residue is obtained on the counting disc probably due
to the higher ratio of calcium to lanthanum and therefore absorption
during counting is responsible for the reduced recovery. Vhen this :
same solution was diluted four-fold to render the ash content negli~ ..

gible and assayed for plutonium by coprecipltation with lanthesnum -;?
fluoride, the results as shown in Table IV were obtalned. L T
Table IV, . 4]}%5

Carrying of Plutonium by Lenthanum Fluoride from
Diluted Ash Ragt Carcass Solutions

Solution Final Volume 1a%3 used

Rat Carcass 40 ml 1 mg.
..Rat Carcass - 40 ml 1 nmg.
Rat Carcass 40 ml . . 1 mg.
Rat Carcass . ' 10 ml - 1 mg.

.~ Rat Carcass . 10 ml 1 mge.
- Rat Carcass 10 ml 1l mg.
Rat Carocass _ 10 m1 1 mg.

4 _B'::g-_.ﬂ? '

\



~ in a concentration of 1 x 107

The colleoted data on tihe lanthanum fluoride carrying of piutonium

suggest that 1t 1s quite satisfactory for most tissues with low ash
content. "hen the ash content is greatsr than 1 mg/ml one can expeot . -
. g decrensed yleld, primarily due to absorption of the alpha particles
during counting. i _ - S

g 8

R, D. Flnkle‘ll describes a method for assaying tissues for plutoniuh:j'
as follOWSi . .

opry ashing of soft tissues: The tissues are placed in pyrex beakers
of appropriate size, held away from contact with the glusa byoa filter
paper cone, They are dried at 1009C for 1t hours, and at 200°C for

4 hours, and finally ashed at 200°G for 48 hours, The filter paper
stays lntact throughout the 200°C treatment thus preventing contact

of the tissue with the glass until it is thoroughly dried, The ash
usually contalns a small amount of carbon due tc the limited tempera-
ture of ashing, and occasionally some crystalline insoluble matter,
particularly in the case of llver, Bone tissue 1s treated in exaotly
the sgme manner," ' L

vcoprecipitation of Plutonium: The tissue ash from the dry ash method
1s dissolved in & M nitric acid containing 0.0 N hydroxylamine . t0O en
ash concentration of 20U mg per ml, the average ash content of eaoch -
tissue being previously determined. In cases where there 1s less than
o0 mg of ash, the ash 1s dissolved in 2 - o ml of the aocld. A 0.9 mnl
aliguot of the solutdon, including a suspension of any inscluble matter
which 1s present, is transferred to a 1 ml centrifuge tube. It ls .

treated with C.o mg of lanthanum as lanthanum nitrate, mede 2 N in &',
hydrofluoric acid, stirred cerefully with a small platinum rod end ...
centrifuged at 2000 kPM for 4 minutes. The sides of the tube are. ",

washed down by stirring the supernatant vwithout disturbing the precie—i’.
pitate and it is finally centrifuged for ten minutes, The supernate .~
is then carefully removed with a caplllary pipette. The residue 1s7%>
transferred to a one inch platinum disc with the same pipette using ...
about 20 lambda of % M ritric acid and %00 lambda of water to effeots .
the transfer. This is evanorated to dryness, flemed to redness and , '
counted. This procedure results in recovery of 47 of the plutonium ::
in the case of soft tlssues, : - :.'-nkghﬂﬁg

"In the case of bone at an ash concentration of 20 mg per ml  howev £
there is a sufficiently large precipitation of calcium fluoride to - *
cause about 16w mass absorption. Rat and mouse carcass. ash consister*y

"ing of bone ash plus the muscle, skin, and connective tissue ash;ﬂj:wﬂ

causes mass gbsorption of about llpw. RS

"The method is useful in the gnalysis of tissues containing plutdnfu§;
micrograme or over per mg of ash."™ . ! o

A

Qs st T (875
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:M:‘ - "'.I 1
" > ‘J{



8008 . -

~solution 1s flnally diluted to 14 ml.

Another method which has béen used to assay rat(qu mouse tissues is

described ino detnll by R. Abrams and assoclates This method .
mak%es use of a double preciplitation where the plutonium 1s flrst re-
moved from a hig.. ash content solution, The complete analytical
procedure 1s as follows. -

"Destruction of orgenic material: The tissue to be ashed is placad o
in a porcelaln orucible and dried at 120 - 140°C for e minimum of
three days. -After drying, the crucible contalning the organic resi-
due ig placed in & muffle furnace and heated at 500°C fTor 23 hours.
The heating is contlinued for.the next 24 nours at 4U0 - 450

Finally, the temperature is increased to 600° ¢, and the material ashed
at this temperature for ¥4 hours (see note 1),

“Dissolution of ash. The ash is dissolved by heating on a hot plate
with concentrated nitric acid., For most tissues five minutes 1s suf-
ficient time for heating, however, liver requires about fifteen minutes

" The acid is replaced as 1t evaporates. To assist its solution the ash

i3 scraped from the sides of tiue crucible vwith a glass rod. The dis-
solved ash plus the 1lnsoluble residue (see nove 2) is transferred to
a 15 ml graduate centrifuge tube with the ald of water from a small
wash bottle and of the stirring red. The cruclble is treated a second
time as just described and the washings combined ia the centrifuge
tube, The total amount of acid used can often be ad justed so that

the aliquot taken for analysils mill contain just the requlred amount
{2 m1 ¢ M nltric acid).

"Sampling of ash solutlica. The solution in the centrifuge tube 1s Ce
thoroughly stirred and centrifuged (sce note 3)., This causes the =
residue insoluble in nitric acid to collect at the bottom of the tube._

" Vithout disturbing the sediment an aliquote is removed vith a pipette,

for analysis. Ordinarily the volume of' the sediment is small and can
be neglegted, but if it is large enough its volume can be subtraoted““
froa the total volume in determining the aliquot. The aliquot taken-
should contain 2 ml of concentrated nitric acid and should be trans-.
ferred to a 20 ml, round bottom, lustroild, centrifuge tube, Additionﬁ
al acld may be added 1f necessary to make up the difference. The: mgaﬂ

s

Bry

-
-+

_"i'*?_'

. ﬁ.ﬂ
"Precipltation of zirconjum phosphate. To the solution in the lua-' ég

troid tube is added V.o mi oi & zirconyl chloride solutlon oontaining -
8 mg Zr* %/ml of U.Ul M hydrochloriec aeid (2 mg 2r), The solutionifa. ¥
thoroughly stirred. Then U.4 ml of 1l-1 phosphoric acld is added: Ffsaf
slowly with thorough agitation (see note 4). The tube is oentrifuged

(note o) and the supernate discarded. s 4

“  n:E§§Q;_g_or precipitate. The zirconium phosphute precipibate con-_;*“

taining the sdanrbad niabanime (s thorauechly mixed with L ml aof d4dlnta’



E.

wILanthanun Fluoride precipitation. To the washed zirconium phosphate
precipitate contalning the plutoniugsis added 0.4 ml of lanthanum _
nitrate solution contalning 1 mg lLa /ml of 0,01 M nitric acid (Uaﬁ;wy,
ng La¥9). Then l.v ml of concentrated nitriec acld is added. The * -
mixture is thoroughly stirred, end the platinum stirring rod washed ::
off with 1 ml or less of water. Now 2 ml of concentrated hydrofluoris..
acid is added (see notve 7}, and the solution thoroughly stirred and . . .
the stirring rod washed off with 1 ml or less of water, T

vPhe tube 1s centrifuged and the supernatant solutlon decanted, With
the lustroid tube still in a vertical, inverted position (after the
1iguid has run out} a half sheet of "Xleenex"” is pushed into its open
end to form a wad to absorb the liquid which continues to drain down
the sides of the tube. The tube is left in this lnverted position
until the lanthanhum fluoride preclipitate containing the plutonium is

transferred.

nppanafer of precipitate to platinum plate. V.ith a ruszor blade the
Tower half inch of the lustroid tube contailning the lanthanum fluoride .
preciplitate is cut off, v.Uvo ml of 1 M nitric acid is added to the
precipitate and slurrled with the tip of a small pyrex plpette made
from 4 mm Stubing. The sume plpette (note 8) is used to transfer the
siurrled suspension of lanthanum fluoride to a platinum plate resting -
on an asbestos pad on a hot plate, The heat of the hot plate i3 ad-
justed so that the liguid slowly evaporates without steam showing,

When the liquid is dry the platlnum-plate is flamed over a mioroburner
until bright red, - S 1 i

remaining precipitate transferred as described above. The final® -, 4"
transfer 1s made vwith O.ul ml of L M ritric aclad. I

*Another U,00 ml of 1 M nitric acid 4s added to the tube end and*ﬁhe'ug

"After coolling the platinum pluate is coated vith colloidoh (aéé fiﬁﬂ;%
CH-2190) and counted. The overall yield for the procedure including:;
the usunl loss in the cruclible is 82%." S

' (1)

B p

A similar procedure is described by R. D. Fingle vhere an 80% féﬁ’

covery 1ls reported.
"Nobtes:

"1, The temperature should not be allowed to exceed ﬁOOOC'aé':;ﬁnﬁ
the ash will be likely to fuse into a hard mass which is 4difficult 'to:"
dissolve, ' S : Lol
"2, There is nearly always some insoluble residue. - Fxperiments’

 have shown that this resldue ordinarily contains less than 4w of bhqﬁzf

plutonium, the average value belng lp.

“a

S "%, 1900 RPM for 10 minutes 1n an International.Clinical Céntfiéﬁ;

3 ffﬁge or equivelent. It is recommended that when large smounts cf plu- .
. tonium are being handled the speed be kept down to 1y00 RPM. - =

» VA ".I.!-.
e i RTINS
o e e e 0 sy o
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"4, AL this polnt a gelatinous preciplitate of zirconium phosphate
forms which carries the plutonium from the solution,

"5, The lustroid tubes must not be centrifuged at a speed great-
er than 1Y00 RPM as there is danger of deforming the bottom of the

tube.

"t. The phosphoric acld solution contsins 1.26 ml of oonoentrated
phosphoric acld per 100 ml of water.

"7. The zirconium phosphate precipitate dissolves and a lanthanum
fiuoride preciplitate forms. _The soclution appears clear as the amount

- of lanthanum fluoride 1is small,

"3, The pipette is attached to & 1 cc tuberculin hypodermio
syringe by a plece of rubber tubing of approprlate size.®

2.2 Tissues containing less than U.vo nicrogram of plutonium per grem:
The previous scotion dealt primarily with tissues of high plutonium
concentrations, However, procedures were slso glven which could be
used for intermedliate concentrations, bthat is, tissues conteining be-
tween O.Vw and l mnicrogram of plutonlum per gram. As was previously -
stated, the reason for moking usc of varied methods is primerily a
time Saving fauactor, A3 a matter of negessity longer methods are re-
quired for low mctliviby tissues,

" A. Ashing. Most of the large tissue specimens, samples of 200 to

¢u0 gramws, way be ashied by the general methods as described for smaller
ones, There are other methods vhich have been tested which might prove
usetul in speciric cases These ape described below, . :
Anmonium Nitrate-Nitriec scid Methed. The sawple, Zu0 - BUV grama, 15 j
placed in a ou0 ml long reex Kjeldahl flask and 1luU grams of anmonium *‘
nitrate added. Twenty-five ml of concentrated nitric acid are ‘edded 7 X!
and the reaction started by heating gently, The reaction continues ;g
without further heating. %Yhen the reamctlon subsides, moderate heat is.
applled and vigorous boiling continued until all the acid is ramoved'g
and the residue coupletely carbonized. The flask &Ls strongly heated " &

and after cooling is treated with fuming nitric scid and peroxide,ps: 5
previously described ror rat und mouse tissues. The ash is disaolvad*“
in nitric acid, the concentration determined by the analyticai mabhodn

The use of ammoniua nitrate shortens the: ashing time conslderably and%
gives a readlly soluble ash. However, the method is dangerous a8 ",
violent reaetlons set 1n gt tlmes. . : cobT 3
'.""'-.{- e Q’“!‘
Io most of the ashing procedures described some insoluble material 1&
usually formea, This is wost pronocunced with liver tissues" ashed: in';=
pyrex or porcelain. This insoluble residue moy or may not contala # .

P
plutonium, Mowever, it is desirable that it be eliminated if possib:sé"

.}T_ Prelimlnary tests showed that most of this residue was silica and s
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funing the residue with perchloric and hydrofluoric acld was performed
to reaove this materisl,

Ashinp of human tissues., One hundred to two hundred grems of tissue’ ém;
Toone, liver, muscle, etc.} are transferred to-an 800 ml Vyoor-glass- ~»
Kjeldahl flask. The sample, which has been cut Into small pleces, 13
heasted to dryness and treated with zu-30 ml of concentrated nitrlo '
acid. The sample 1s heated graduslly until fosming ceases. -Two ‘more
£o 1l concentrated nitrie aeld treatments are performed, being sure to
pring to dryness each time. At this point the tissue is usually a= .-
coupact charred mass on the boLtom of the flask, The mass 1a now
treated with 10 ml of fuming nitric acid and brought to dryness. It

15 next treated with o ml of superoxol and heated %o boiling; then

10 ml of fuming nitric acid are added, Care should be taken to see
that all the superoxol 1s bolled off before adding the acid as nitric.
acid and peroxlde react very violently. One should not be added while
the other i3 present, A3 many more trestments are muade g8 are .re-
quired to give a white ash. In order to prevent reaction of the alka-
line residue vwith the glass, the sauple is never heated very strongly_

at dryness.

t.hen completely mshed, the sample 1s treated with u ml of auparoxol

and heated gently until the residue is coupletely disintegrated.- - _
Small portions of 6 M nitric acid are added until the residue is dlse -
solved., The resulting solution is usually cloudy and may evea. contaih
suspended particles. The whole is transferred to a 400 ml platinum
beaker and evaporated to dryness, The residue is treated with 10 ml °
of perchilorle acid and 1lu ml of hydrofluoric acid, brought to drynasa ;J
and neated until fuming ceases, It.is now treated with 10 ml eachk of.
aydretluoric and nitric acids and the fuming repeated. Finally K the %rjv
residue 1s taken up in lu ml of niltric acid and agaln heated. to dry- s
ness. Twenty-five ml of £ M nitric acid are added and the sample. ' i i
hegted until complete solution is effected. The solution is transn ; T
ferred to a contalner for analysis., R

B, Lxtrectlon of Plutonium. This section will deal primarily with
rmetiiods whien heve been developed to sremove plutonium from the bulic {
of the salts conialned in the solution of the ash., This is necessaﬁkyw
for - .- ?ﬂmauent lanthanun fluoride precipitation or direct depositiqn
or L onium for counting. :

Hexone solvent cxtracnion{ ). The plutonium contained in a 2 H nitri
acid solutlon of the tissue ash is precipitated with 40 mg of- lanthanww
s the {luoride. This precipitate 1s dissclved with v0O ml of solut¥of,
contailning 1V grams of zirconyl niltrate., To the sclution in & Bepafa-;
tory funuel are added 8u grams of ammonium nitrate, After aolutiog “% ¥
u l B i of potassium permanganate 1s added., The resulting solutionr%%
“EatecLed el du misubes wich LU ml of hexone. The layers are % i
Separst »t =nd the plutonium is extracted from the hexone with 10 mlj
of & M nitric acld which is 0,1 N in hydrogen peroxide. The hexone

1s extractsd a second time with 10 ml of o. 1N in nydrogen peroxidemmé:
- . L g
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Mozt of the loss 1s encountered in the zirconium precipitation,: .

~almost all cases 2 ml of 1l~1 phosphorlc acid should be added slowlys
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five minutes with 1.0 ml of a 6% aqueous cupferron solution. The plu-
toniun cupferride couwplex is extracted into a 40 ml pyrex centrifuge R
cone with 2 ml portions of chloroform until the last portion is cqlo;-j;r

"after complete solvent removal on s water bath at 65°C, the residusg .
is treated with V.75 ml of concentrated nitric acid and heated for

o-10 mlnutes on a steam bath before the addition of 0,70 ml of 32%
perchloric acid. The tube is then placed in an oil bath at 130°C which
is gradually raised to 180CC over a period of one hour. At the end of
this wet ashing, the fuming solution reduces in volume to 0,75 ml of a
clear pale yellow color which becomes colorless upon cooling. This
solution 1s then diluted to 4 ml with water and allowed to stand one-
hal?f hour after the addition of 2 drops of a 20% hydroxylamine hydro-
chloride solution. Forty micrograms of lanthanum are added and
precipitation of lunthanum fluoride is affected by the addition of 1 ml
of concentrated hydrofluoric acid. The tube is centrifuged at 2000 RPM.
for lo minutes, the supernatant decanted and the precipitate washed )
once with 2 ml of v.l N hydrofluoric acid. The precipitate is trans-
ferred to a platinum plate in the usual manner for counting.” R

No experimental recoveries were given when this procedure was suhmibtedex
However, tests in this laboratory have shown an average recovery of
better than 80pw. ' L

zirconium phosphate extraction. This procedure was previcusly de- . ‘..
seribed for small tissues. ¥ 1lncreasing the amount of zirconium . % ; .
proportionately, larger samples may be assayed. Only 1 mg of laatha=- ;"
num is required to completely carry plutonium from 0.1l gram of ziroon- i’
lum. The yleld, as reported by R. Abraas, when the method is applled s> *
to solutions containing very high tissue ash varles from 60 to 8Q%, @ 3%’

*

Bismuth phosphate extraction. The ashed tissue, initlelly welghing 7%
200 = 800 grams, 1s dissolved in 50 ml of 2 M nitric acid, The plu= '3 7%
tonium is reduced by adding £ ml of a saturated SOp solutionm and™ -7

allowing to stand WO minutes. The solution is diluted to 80 ml and #
brought to ~-75°C on a water bath, Vhile the solution is stirred -*.
mechanically, 80-100 mg of bismuth (100 mg B1*3/ml 10 M nitric-acid} i
are added slowly. GHost tissue ash solution contaln sufficlent phog~i#
phate to cause immediate precipitation of the bismuth., However, in =’

and the mixture digested while stirring. It is not necessary %o add -,
phosphoric acid to bone and fecal ash solutions to obtain complete;,

*
2
¥

carrying of the plutonium by the bisumuth phosphate even at room tumﬁﬁ#d%
ture. _ i RS

The conditions for complete scarrying of plutonium by bismuth phsophats *
are: (1} ihe tissue ash solution should not be greater than 1.2 M, tn: .
nitrie acid, (2) the bismuth concentration should not be less than ..
0,7 mg/ml and (5) the Precipitation should not be msde rapldly. R
Volumes of ash solutions as large as 10U0 ml may be assayed. Some of | °
the experimental data collected in the development of this procedure.’ 7
e : e AR E
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- The amount of acid used to dissolve the bismuth phosphate 1S~80Vern9&ﬁg
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is desoribed below.
(a) iffect of acidity on the earrying of plutonium by bismuth phosphate.

" as the acid concentration 1s increased above 1.2 M, the carrying of

tonium by blsmuth phosphate decreases. Thig is 1llustrated in
@;glgfv, The solubllity of blsmuth phosphate in hydrochloric acid and
the precipitate formed in the presence of sulfuric acid slong with
carrying aifficultlies encountered 1n other acid media 1limit the bismuth

phosphate extraction to a nitrie acid solution.

Sanple of Tissue Concentration Concentration - % of Pu

Ash of HNOg of Bi*3/ml carried by
blsmuth
phosphate

1 0.1 ¥ .0 mg Q9
b U.2 M .0 ng ] 94
3 U8 M 0,0 mg a6
4 1.2 M V.0 mg 97
5 1.6 M 1.0 mg 86
6 o4 M 1.0 mg - 6l

 ,(b) Separation of bismutii and plutonium. Bismuth phosphate Is readlly -

soluble in hydrocﬁiEiic apd nitric acld solutions. The blsmuth is not -
preclpitated when hydroflucxic acid 1s aided. This ma<es it possible

to coprecipitate plutonium with lanthanum fluoride in the presence of

bismuti, DPecreasing the acid concentretion, hydrochloric scid below  :,
1 M and nitric acid below & M, cuauses excessive coprecipltation of “ =7
bisauth. There is no advantage guined in using low acid concentrations:
a8 plutenium is quantitatively precipitated from solutions of hydro- o
ciilorie acid as high as 6 M, : - !
In the procedurs whlch is used, the bismuth phosphate precipitate which-
contalns up to 1 grau of bismuth is dissolved in 1lu ml of concentrated '
hydrochloric acld znd diluted to 30 ml vith water. One ml of solution *
contalning 1 mg La®% per ml is stirred in. Precipitation of the lan= 't
thanum is effected by adding o ml of hydrofluoric meid. The lanthanum .
fluoride precipitate containling the plutonium is centrifuged out and.V:#
traasferred to a platinum plate (1. "=2" ln dianeter}, dried, flamed i~
and counted. . LT

‘»
by the amount of bismuth used in the extraction step. 1In-the case. . " -
where 0,1 gram of biswuth is used, 2 ml of hydrochloric acid 1s ailuped>
to o ml vith water after solution of the bismuth phosphate., Only 0.25
mg of lanthenum is used to coprecipitate the plutonium from this volume®

- of solution,
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The analytical yield from this method, obtained from several hundred é
tests, i3 better than YOw., The liver hams given the most dlfflculty .. ¢
in anélysis but the tests show an aversge recovery of 8%%. The , ~7-% 7

maximum residue deposited on the counting diso from 1 gram-of bigmuth e
after a 1 08 lanthanum preclpitation as the fluoride is 3.4 mg,é-spreaq =,
over & l.o" dlameter diso, this does not cause appreciable absorption -’ -
of che alpha particles, _ A

Since M08t ashed tlssue samples are contained in a maximum of o0 ml of -
o M nitric acid, and v.l gram of bismuth is sufflicient %a completely
extract the plutonium rrom the diluted sclution, the final lsnthenum
riuoride precipitation can be made from a maximum volume of 7 ml. Xess:
than 1 mg of solid is deposited_on the counting disc. -

%, ABvaluation of Procedures.

.1 Ashing. Dry ashing is a method which requires very little atteu-
tion and vith sufficient equipment a large number of tissues meay be
orocessed slmultaneously. The methods as described by R. Abrams and
R. D. Finkle both give rise to a small amount of insoluble residue.
This is more proaoounced in the case where poroelain crucibles sre e
used. However, the use of strong nitrio ascid %o dissolve the residuse -
leaches the plutonium from the insoluble portlion and good recoverles
are possible. o

PR
..1‘

wet ashing, if carefully done, requires frequent supervision and may -~
result in a small amount of lnsoluble residue particulsrly in the oaag*;,
of liver samples. The insoluble materiel may be eliminated by pe:é.;ﬁ;
chloric &¢r.d hydrofluoric acid treatments, The method is rapid and.: ». -

gives rise to a water clear solutlon of the tissue ash. R

A combination dry and wet ashing procedure is oftimes more uaafulgﬂ_1” *
in the case of bhone or fecal speclmens this method can 'be applied to .
best advantagse. : Ry

$.2 Extrucotlion: Zirconium phosphate. The study of the carrying o
plutonium by zirconium phosphate in various media has indicated the . %
method to be qulte cowmplete, As applied by R. D. Finkle and R,. Abramsi #
to nitric acid tissue ash solutions, the carrying is probably around. ¥
oug, Lkrratic results are obtained from solutions of high ash conte?wih'
Bismuth phosphate. Over 9% of the plutonium 1s carried by bimnubh&»ﬂﬁ 2
phosphate precipitate formed In a tissue ash solution of the following 4
co@Qosition; (1) 0.20 gram ash/ml, (2} 1.2 M nitric acid and (3) 1 mg; ¢
B1*“/ml. The ash concentration given 1s that obtained from V0 grams iy
of bone dilssolved in 80 ml of solution. Concentratiocns of 0.0 gram ash/
ml have given an average of $Owm plutonium recovery. ' SRR £

Sunrferron-chloroform. The method is based on Lhe Tormation of“the@"' A
cupferrlde complex of plutonium and its greater solubility in chloro- ﬁ{
form. It hes been malnly applied to the analysis of ashed urine and -

e
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fecél specimens, Little difficulty should be esperienced in applylng
yhe procedure to high ash content solutions as a preliminary precipifwﬁ :
tation extractlon is performed which reduces the ash coatent somewhats '

The method glves better than 40w reéovery of plutoanium. Howeveriﬁib
is not satisfaotorily applled to a prelimlnary lanthanum fluoride pre-
cipitation as the alpha activity in the lanthanua follows the plutonium.

Hexone. K. G. Scott, who has made use of tiis material to extract
Plutonium has pointed out that 70-80% of the plutonium 1s extracted
from a lanthanum fluoride preciplitate dissclved with zirconyl nitrate,
put the method 1s of little value in assaylng samples of low plutonium
concentrations. The lanthanum and zirconium contaln considerable alpha
aetivity whieh is also extracted by the hexone. :

: preiiminar
Thiophenyltrifiucacetone {P.T.A.). This wmethod also makes use of a/
EEécipitation of plutonium with lanthanum fluoride. Based on a lantha-
nun fluoride analysis of the splke solution, the method gives an average
recovery of 89%p, as reported by K. G. Scott, from o grams of rat ash.
Smaller ash concentrations glve better than 90 recoveries. It would .
appear that the extraction is guantitative and thet lower than Yb% s
recoveries are primarily due to the lanthanum fluoride carrying. Though
- tests in this laboratory have shown that some alpha activity assoclated
with the lanthanum 1s extracted, careful selection of the lanthanum
samples can avoid this difficulty. -

One of the most attrdctive features in the T.T.A. method is that the
plutonium is extracted into a benzene solution free of other inorganic
~materlals. This solution containing the plutonium cen be evaporated
directly and counted after fluming off the small organic resldue,

4, Summary.

' : ' A
~ Three methods are described by whilch tlssues may be ashed suitebdy for-, :
analysis for plutonium. (1) Wet ashing with nitric scid and hydrogem i
peroszide, (2) a combination nltric acid wet ashing and dry ashing pro~:"
cedure and (v) a dry ashing procedure. iach procedure is described 1n-wt
connection with the plutonium extraction procedure applied, . R

P
SR

{

Five general methods for eitracting plutonium from solutions of-high#gaig
sall content, The solvent extraction procedures, (1) cupferron-- _QT.QQ
chloroform, (2} hexone and (%) T.T.A., all make use of a preliminary - . ¥
precipltation procedure, The zirconium phosphate and bismuth phdaphgﬁﬁﬁ
precipitation extraction procedures are asdopted directly to the'tissu&gg
ash solution. . ' : e

'iﬁﬁﬁ#%,f

All the analytical methods described with the exception of tné'T.T;A :
iethod are dependent upon a final precipitation of plutonium with % 4a
lanthanum fluoride. SR
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