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Thit report was prepored asa scientific account of Govern-
ment-iponored work. Neither the United States, nor the Com-
mision, por any person octing on behall of the Commission
makes any warronty or representation, exprass or implied, with

© respect to the accuracy, completaness, or urefulmess of the in-
formatian contained in this report,

or that the use of any infor-
mation,

opparotus, method, or process disclosad in this repart
may rot infringe privately owned rights. The Commission astumes
S no liability with respect fo the ute of, or from damoges resulting

from the wuse of, ony informotion, opparatus, method, or process
disclosed in this report.
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- rellable. Tissues containing more than 1 mlcrogram of plutonium per-.:

i 2.1 Tissues containing more than 1 micrograem.of plutonium per rmn“?%wﬂ
_A. Ashing. Tissues are usually brought into analyzable form by eIther

?v wet or dry ashing. In this case wet ashing was selected because the
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l. Introduction

The guantitatlve determination of plutonium in the various tissues of ‘.

_the body is of importance from seversl standpoints. First, the dis~

tribution of the element in the tissues may be determined. Second,
therapeutic efforts may be followed and evaluated. Finally, the ques-
tion of uptake of plutonium by humans may be investigated.

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

It is appareunt that the concentration of plutonium may vary wldely ac-
cording to the conditions of the expcriments. 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 a platinum disc and an alpha oount
made. If the concentration of the ash in solution is sufficlently (
small, the aliquot may De chosen so that no significant mass absorption”
of the alpha particles ocours. Difflculty, however, arises when plu- .-
tonium concentrations are so small that large amounts of tissue must be -
ashed and all of the resulting solution assayed. Between these two ex~- '
trene.cases the concentration of plutonium in the ash 1s such that a - *
simple co-precipitation of plutonium yith, for example, lanthanum s

. fluoride will separate the clement from the unwanted salts, permitﬁinq

accurate determination of the amount present.

The methods wuich might be used to analyse tissues for plutonium may -
be divided according to thc concentration of the element in the tissuo.‘”
It is understood that the method .applicable to very low concentrations_.:
of plutonium are also applicable to others. However, since there agre i
many ore operations involved in assaying low concentrations of plu= ‘¥ .
tonium, it is desirable to use shorter methods provided they are *@i '

P-4
gram may be assayed by counting a small aliguot of the solution ash,: ~§
Tissues containing less than 0,0% microgram of plutonium per gram will - ‘Q
require a preliminary extraction from the solution ash. In between \
these concentrations a simple coprecipitation may be used.

£s Methods for Determining Plutonium in Tissues m-,fgiﬂﬁg
. ix '7\‘ . gA .

tissues are small and could be expected to be quickly and eoonomicall?
wdhasheq. It is advisable to avoid such ashing agents as sulfurlo aoid*
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;0 and high concentrations of plutonium. This would allow for either a -
direct lanthanum fluoride preclpltation from_gn aliquot of the solution-
o - : . . B i ‘
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as subsequent analytical difficulties result. Nitric acid and hydrogen
peroxide ashing will result in a residue containing soluble salts which
have not been found to interfere with a plutonium precipitation. _ e
; T e
The tissue = famurf/lung, liver, muscle, kidney, spleen, or mouse?dan-:_‘r
cass 1s dried at 1109C for 24 to 56 hours and transferred to a 300 ml,”
long neck, /Jeldahl flask clamped at an angle of approximately 292& “Two!,
ml of fuming nitric acid are added slowly, (lv ml for carcass). After

‘the violeut action has ceased, the flaskx 1s heuted gently until practi-

eally all of the 1iguid 1s driven off. The residue 1s allowed to cool.
several minutes and 1 ml of superoxol slowly added. Vhen the action has’
subsided the contents are again brought to near dryness. The nitric

acid and peroxide treatments are alternated until a white or light gray
residue is obtained. A black or dark colored residue indicates imcom-
plete ashing. OSome residues, mainly from liver tissue, are rust colored;
in these cases the technician must rely on experlence to tell if the
ashing process is complete. ‘

The completely ashed sample is treated with 1 ml of concentrated nitric
acid, warised for a few minutes and diluted with O ml of 0.1 M nitric
acid. The sample usually dissolves completely with agitation. The
solution is transferred into a 100 ml volumetric flask. TheFK jeldahl
flask is washed with three o ml portions of V.l M nitric acid. The
washings are added to the volumetric flask. After cooling, the solu~-
tion is diluted to the masrk with water. The analytlcal procedure to,
be used to assay these solutions depends on the amount of plutonium
present. ' "
In the case of wouse carcasses, the specimen should be divided in order
to introduce them into the Kjeldahl flask. The specimen is treated: #'
with 1o ml of fuming nitric acid which 1gnites them. The tissues dburn::
vigorously. However, no loss of plutonium has been expsrlienced at this;
point. Vhen the vliolent reaction has ceased, the sample is treated as-,
are the other tissues, However, 1o ml of acid and ® ml of superoxol .
are used, instead of the smaller volumes listed above., For couplete . -
ashing as many as 10 acld=per-oxide. treatments may be required. - Jﬂfﬁk
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The procedure as outlined will vork satisfactorily for Ybp of tnéﬁﬁbuhé§§§

tissues. About dp will contaln an insoluble residue which containsyfin. ;.
some cases, as much as 30p of the plutonium. Special treatment of tpiq;3§

residue must be undertaken. This 1s discussed below. R, o

Rat carcasses way be asned by this procedure'but‘cbnsiderabléiamo “ﬁé%ff ;
of recagents are required. A combination wet- and dry-ashing procedure, < .
which wi'l be discussed later, is more satisfactory. . -4’_fog;$¢
v _ : . b, 4

4 b

B. Deteruination of Plutonium. The method to be used to deposit plu~ =%,
tonium on a plate in order that an alpha count may be made is dependent i .-
on the concentration of the ash and of plutonium. In the case of mouse,
tlssues, excluding the carcass, the solutions contain very 1little ash .
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' Zb nl with 0.& M nitric acid in a 00 ml tapered pyrex centrifﬁﬂ :

*ug:are added and 1 mg of lauthanum (1 al solutign.eontalning 1 mg@¥La¥

or diredt counting of a 1 ml or less allguot evaporated on a counting
disce B

Direct counting of aliquot. This technique consists of transferring. *:»f
I ml or less of the nitric acid solutlion of the tissue ash to a plati-

" num dise, evaporating slowly under an infra-red lemp, flaming in a gas

flame and counting. To obtaln the maximum yield, the sample must not
leave too large a solid residue, nor must it contain gaseous recagents
which give rise to bubbling with consequent partial loss. For con=-
venience this procedure has been used to assay mouse tissues whose ash
solutions ocontailned 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 glven

in Table I.

Tapble I.
Sample Composition Volume Cts./min,
of Solution
1 Ashed Femur , 1/1000 526
1 Ashed Femur . 1/100 5335
2 ashed Liver 1/1000 676 _
2 Ashed Liver © 1/100 6796 © . .

Simple lanthanum fluoride precipitation. Plutonium in the (III) and ¥ ..
(IVE oxidution states is readily copreciplitated as the fluoride with
lanthanum fluoride. V.here the concentration of plutonium is too low =
to directly count an aliguot of the ash solution and yet too high to /==
warrant .an intermediate extraction step, s lanthunum fluoride preoipi— L
tation to separate plutonium from the other inorganic constituents: Ingi ¥
the ash solution may be used. The concentration of calcium iq theua
solutions of ashed mouse or rat tissues is low enough to perm} gt
much as 20w of the solution to be assayed. Where the entire leutfon
‘of the ash 1s used, calcium fluoride causes a heavy deposit off’ the,

counting disecs : and absorption errors result. The geéneral outﬁane of;
the procedure follows. Fé i

and treated with 2 ml of a saturated solution of sulfur dioxi?’
solution Is agitated and allowed to stand ¥0 minutes for the ;;
of plutonium to the lower valence states., Ten ml of 3 M nitr¥ s

TTEEEEE a0 oo



http://fluoT3.de

T

v 1
oy
4

. e S - va s C T g i
o W WL . : P TN g . BN T S m e, TP

is stirred in. To this solution is added % ml of hydrofluoric acid.

The solution is agitated for several minutes and the lanthanum fluoride
precipitate, which 18 not always visible, is centrifuged at 2000 RMM ~ -
for five minutes. The supernate is discarded and the precipitate e
transferred to a platinum disc, dried, flamed and counted. The preci=:’
pitaute is transferred by means of a micro~pipette after slurring with ,
a few drops of dilute nitric acid, . o

This procedure gives an average recovery of 83% of the plutonium Ont'f
analysis of several hundred tissues. Some of the data for various
technicians are given in Table II, :

Table II.

Lanthanum Fluoride Carrying of Plutonium
from Mixad Tissue Solutions.

Technician La*% conec. - Trial Plutonium *
' - Recovery . -

A 1 mg/40 ml 1 84
A 1 0 ml 2 86
A 1 mg/lo ml 1 83% -
A 1 mg/10 ml 2 . 86% - .
B 1 mg/40 ml 1 82%p .. 7
B 1 mg/40 ml 2 81% .-
B 1 mg/40 ml 3 84% =~
B 1 mg/10 ml 1 82% -
B 1 mg/10 ml 2 80%
B 1 mg/1C ml 3 84%

As was pointed out, when the concentration of suslts becomes too hi é:
very lonconsistant results are obtained vhen making a simple lanthanquga
fluoride precipitation. This 1is illustrated very clearly by the. re-““{’
sults given in Table III, The analyses were on a solution of ‘an ash

rat carcass contained in 250 ml of 0.2 M nitric acid. o 5]
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Table I1I 0

Carrylng of Plutonium by Lanthanum Fluoride from an
- Ashed Rut Carcass Solution.

Plutonium .

Solution Finsl Volume La*3 used
Recovery
Rat Carcass 40 ml 1 mg 78%
Rat Carcass 40 ml 1l mg 77%
Rat Carcass 40 ml 1l ng 75%
Rat Carcass 10 ml 1l mg 62%
Rat Carcass 10 ml 1 mg 65%
Rat Carcass 10 ml 1 mg H9%
Rat Carcass .40 .ml 1 mg 83%
Rat Carcass 40 ml 1l mg 86%
Rat Carcass 10 ml 1l mg 74%
Rat Carcass 10 ml 1l mg 06%

“Phe results in Table III are rather uwisleading in tanat it appears that

The actual case
is that a larger residue is obtained on the counting disc probably due

higher lunthanum concentrations carry less plutonium.

to the higher ratio of calcium to lanthanum and therefore absorption
during counting is responsible for the reduced recovery,
same solution was diluted four-fold to render the ash content negli- .
gible and assayed for plutonium by coprecipitation with lanthanwn R

Vihen this

fluoride, the results as shown in Table IV were obtained.

Table IV.

Carrying of Plutonium by Lanthanum Fluoride from

Diluted Ash Rat Carcass Solutions

Solution Final Volunme Ia¥3 used
Rat Carcass 40 ml 1 mg.

. Rat Carcass 40 ml 1l mg.
Rat Carcass 40 ml . 1 mg.
Rat Carcass . 10 ml 1 mg.
Rat Carcass 10 ml1 1l mgo.
Rat . Carcass 10 ml 1l mg.
Rat Carcass 10 ml 1 mg.

. 80D 08y




The collected data on tihe lanthanum fluoride carrying of plutonlium
guggest that it 1s gquite satisfactory for wost tissues with low ash
content. "hen the ash content is greater than 1l mg/ml one can expseot . -
- a deoreased yield, primarily due to absorption of tie alpha particles
during cou‘nting’ - ‘ ) * ‘. S

R, D. Finkle(l) describes a method for assaying tissues for plutonimn: 
as follows: . B

npry ashing of soft tissues: The tissues are placed 1n pyrex beakers
of appropriate slze, held away from contact with the gluss byoa filter .
paper cone. They are dried at 100°C for 1z hours, and at 200°C for

<4 nours, 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 1s thoroughly dried. The ash
usually contalns a small amount of carbon due to the limited tempera-
ture of ashing, and occasionally some crystalline insoluble matter,
particularly in the case of liver. Bone tissue is treated in exaotly
the same manner.," ‘ o

vcoprecipitation of Plutonium: The tissue ash from the dry ash method -
is dissolved in 2 M nitric acid containing 0.0 N hydroxylamine .tO an
ash concentration of 20 mg per ml, the average ash content of each
tissue being previously determined. In cases where there 18 less than
o0 mg of ash, the ash is dissolved in 2 = > ml of the acld. A 0.% ml -
aligquot of the solution, including a suspension of any insoluble matter
which i1s present, is transferred to a 1 ml centrifuge tube. It ie ,
treated with O.o mg of lanthanum as lanthanum nitrate, mede 2 N in &
hydrofluoric acid, stirred cerefully vith a small platinum rod and . .
centrifuged at 2000 RPM for % minutes. The sides of the tube are ',
washed down by stirring the supernatant vithout disturblng the4pr0017§;
pltate and it is finally centrifuged for ten minutes. The supernate .~
is then carefully removed with a capillary pipette. The residue 1ss'%>~
transferred to a one inch platinum disc with the same pipette using .:
about 20 lambda of & M ritric acid and Y00 lambda of water to effects .
the transfer. This is evavorated to dryness, flamed to redness end ,;'
counted. This procedure results in recovery of 4%7» of the plutonium ' -:
in the case of soft tlssues, : : : -“ﬁgmwﬁf
"In the case of bone at an ash concentration of £0 mg per ml " hdwéé%f%ﬁ
there is a sufficiently large precipitation of calcium fluoride to;. :
cause about 16w mass absorption. Rat and mouse carcass. ash consisfer¥y
"ing of bone ash plus the muscle, skin, and connective tissue ash .. .
causes mass absorption of about 1llw.

[ER:
. r

"The method is useful in the gnalysis of tissues containing plutonfhﬁﬁﬁ
in a concentration of 1 x 107 micrograms or over per mg of ash.” o
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nTanthanun Fluoride precipitation. To the washed zlrconium phosphate

precipitate contalning the plutoniugsis added 0.$ ml of lanthanum

nitrate solution containing 1 mg La*°/ml of 0.0l M nitric acid (0.3 ..
ne La¥®), Then 1.0 ml of concentrated nitric acld is added. The * /.
mizture is thoroughly stirred, and the platinum stirring rod,washg@»gw,g
off with 1 ml or less of water. Now 2 ml of concentrated hydrofluorieﬁ‘
acid is added (see note 7), and the solution thoroughly stirred and . .

the stirring rod washed off with 1 ml or less of water.

nThe tube is centrifuged and the supernatant solution decanted. Vith
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 nides of the tube. The tube is left in this lnverted position
until the lanthanum fluoride precipitate contalning the plutonium is

transferred.

wpransfer of precipitate to platinum plate. V.ith a ruzor blade the
Tower half inch of the lustroid tube containing the lanthanum fluoride
precipltate is cut off. v.0o ml of 1 M nitric acid is added to the
precipitate and slurrled with the tip of a small pyrex pipette mede
from 4 mm tubing. The sume pipette (note 8) 1s used to transfer the
slurried suspension of lanthanum fluoride to a platinum plate resting -
on an asbestos pad on a hot plate, The heat of the hot plate is ad-
justed so that the liguid slowly evaporates without steam showing. -
Wwhen the liquid is dry the platinum.plate is flamed over a microburner =
until bright red. - : ; ‘ S

"Another 0.0o ml of 1 M nitric acid 4s added to the tube end and the wf

remaining precipitate transferred as described above. The final®*
transfer is made with O.us ml of 1 M ritric acid. R

"After coollng the platinum plute is couted vith colloidon (see fﬁ:j

CH-2190) and counted. The overall yield for the procedure including
the usual loss in the cruclble is 82p." 'lfh_ﬁp
. (1) PR

A similar procedure is described by R. D. Fingle 1 vhere an 80% féij?
covery 1s reported. AR

M
"Notes: ‘ - , o L

"l. The temperature should not be alloved to exceed 600°C'a8‘<;{¢+
the ash willl be likely to fuse into a hard mass which is difficult ‘to:’
dissolve, . S
, : : . R ﬁaf

"2, There is nearly always some insoluble residues  Fxperiments’
have shown that this resldue ordinarily contains less than 4% of the. .-
plutonium, the average value being lw. '}i

"S5, 1900 RPM for 10 minutes in an International Clinical Centri=*

. fuge or cquivalent. It is recommended that when large smounts cf plu- .
. tonium are being handled the speed be kept dovn to 1500 RPM. '

)/"';,;;.» > “"“"‘fq‘) ) ‘ >
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"4, At this point a gelatinous precipitate of zirconium phosphate
forms which carries the plutonium from the solution,

"9, The lustroid tubes must not be centrifuged at a speed great-
er than 1900 RPM as there is danger of deformlng the bottom of the '

tubeo.

"6. The phosphoric acld solution contasins 1.26 ml of oonoentrated
phosphoric acid per 1lu0 ml of water.

"7. The zirconium phosphate precipitate dissolves and a lanthanum
fiuoride precipitate forms. .The solution appears clear as thc smount

- of lanthanum fluoride is smsall,

"4, The pipette 1s attached to a 1 cc tuberculin hypodermio
syringe by a plece of rubber tubing of approprlate size.” ‘

2.2 Tissues containing less than U.vo microgram of plutonium per grem:
The previous scetion dealt primarily with tissues of high plutonium
concentrations, However, procedures were also glven which could be
used for intermediate concentrations, that is, tissues containing be-
tween O.0v and 1l mnicrograu of plutonlum per gram. A4S was previously
stated, the reason for making use of varled methods is primerily a
time saving factor. A3 a matter of necessity longer methods are re-
quired for low actlvity tissues,

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

¢u0 grams, way be ashied by the general methods us described for smaller
ones, There are other iethods vhich have been tested which might prove
useful in specirlc cases These ape described below, e

Anmonium Nitrate-Nitric sacid Method. The sauwple, SU0 = UL grams, 13:.
placed in a ou0 ml long rec< Kjeldahl flasX and luU grams of ammoni um : *;
nitrate added. Twenty-five ml of concentrated nitric acid are added 3
and the reaction started by heating gently. The reaction continues ;ﬁ
without further heating. %hen the reactlon subsides, moderate heat i3
applied and vigorous boiling continued until all the acid is ramoved‘§‘
and the residue coupletely carbonized. The flask is strongly heated‘é
and after coollng is treated with fuming nitric acid and peroxide.as:.

previously described tor rat and mouse tissues. The ash 1s disaolvodv*

in nitrlc acid, the concentration determined by the analytical methodl’g

- to be used. ‘ . s y“

e
The use of ammonium nitrate shortens the: ashing time considerably and$
gives a readily soluble ash. However, the method is dangerous as- ;;ﬁ
violent reactions set 1n at tlmes. » T T
S ‘v’v:').v:' 5K ‘V‘!“
In most of the ashing pricedures deseribed some insoluble material ia;
usually formed, This is most pronounced with liver tissues: ashed. ia,.
byrex or porcelailn. Thls insoluble residue may or may not contaln
plutonium, However, it 1s desirable that it be elimlnated if possi'bre
Prelimlnary tests showed that most of this r931due was silica and
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funing the residue with perchloric and hydrofluorlc acid was performed
to reaove this material.

Ashinp of human tissues. One hundred to two hundred grams of tissue’ £w;
{bone, liver, muscle, etc.) are transferred to an 800 ml Vycor-‘glase- s
Kjeldahl flask. The sample, which has been cut into smull pisces, is: _
neated to dryness and treated with £0-50 ml of concentrated nitrio o
acid. The sample 1s heated graduslly until foaming ceases. -Two more
zo ml concentrated nitric acld treatments are performed, dbeing sure to
bring to dryness each time. At this point the tissue 1s usually a
caapact charred mass on the bottoum of the flask, The mass is now
treated with 10 ml of fuming nitric acid and brought to dryness., It

i1s next treated with o ml of superoxol and heated to boiling; then

10 ml of fuming nitric acid are added. Care should be taken to see
that all the superoxol 1s boiled off before adding the acid as nitric.
acid and peroxlde react very violently. One should not be added while
the other 1is present. A5 many more trestments are mude 88 are .re-
quired to give a white ash. In order to prevent reaction of the alke-
line residue with the glass, the sauple is never heated very strongly;

at dryness.

then completely ashed, the sample is treated with o ml of Buperoxol

and heated gently until the residue is completely disintegrated.: -

Small portions of & M nitric acild are added until the residue is dis-
solved. The resulting sclution is usually cloudy and may evea contai
suspended particles. The whole is transferred to a 400 ml platinum | o
beaker and evaporated to dryness. The residue is treated with 10 ml
of perchloric acid and lu ml of hydrofluoric acid, brought to drynesg};ﬁ
and heated until fuming ceases, It.1s now treated with 10 ml each of
aydrotfluoric and nitric acids and the fuming repeated. Finally the ’rfo
residue is taken up iIn 1lu ml of nitric acid and agaln heated to dry- 3
ness. Twenty-five ml of 2 M nitric acid are added and the sample. ' i -’
heated until coumplete solution is effected., The solution is trans- §~’
ferred to a ccntalner for analysis. R L

A
o :

B. Lxtraction of Plutonjum. This section will deal primarily with

methods which have been developed to remove plutonium from the bulkc’
of the salts conialned in the solution of the ash. This 1is necessqry
for o .atzequent lanthanum fluoride precipitation or direct depositiq
of ~ . :uionium for counting. _

Hexone solvent oxtraction(S). The plutonium contalned in a 2 M nitriq&a\
acid solutlon of the tissue ash is precipitated with 40 mg of: lanthanum
as the {luoride. This precipitate is dissolved with 0 ml of’ solutfoﬂa
contalning 10 grams of zirconyl nitrate., To the soclution in a sepafa~;
tory funnel are added 8u grams of ammonium nitrate. After soluti #ﬁ?
u-1 RT il of potassium permanganate 1s added. The resulting’ solutqzm. y
vratoosed fol de minubes vish O ml oi hexone. The iayers are % T
separat- 1 ~nd the plutonium is extracted from the hexone with 10 ml'}~
of & M nitric acld which is 0.1 N in hydrogen peroxide. .The hexone - !
is extr CtCu a second time with 10 ml of O 1N 1n nydrogen peroxideum&g

e :
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-

Ly
o

. — 2 by
==

= . o thihind ‘13 ek




less.

-Most of the loss 1s encountered in the zirconium precipitation.: .

~almost all cases 2 ml of 1l~1 phosphoric acid should be added slowlYiﬁg

~ 9bfsogg

. : tion. The plu-
five minutes with 1.0 ml of a 6% aqueous cupferron solu
tonium cupferride coumplex is extracted into a 40 ml pyrex centrifuge ..
cone with 2 ml portions of chloroform until the last portion 1is colog—f;v

R
"After couplete solvent removal on a water bath at 65°C, the residud ..
is treated with V.70 ml of concentrated nitric acid and heated for .-
o-10 minutes on a steam bath before the addition of 0.7 ml of Z&b ST
perchloric acid. The tube is then placed in an oil bath at 1307°C which
1s gradually raised to 1809C 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-~
half 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 } ml
of concantrated hydrofluoric acid. The tube 1s centrifuged at 2000 RFM .
for lo minutes, the supernatant decanted and the precipitate washed )
once vwith 2 ml of U.1l N hydrofluoric acid. The precipitate is trans-
ferred to a platinum plate in the usual manner for counting." ’ '

No experimental recoveries were given when this procedure was submitted. .
However, tests in tnis laboratory have shown an average recovery of -
better than 80w. :

Zlrconium phosphate extraction. This procedure was previously de- - .. ‘.
scribed for small tissues. ¥y increasing the amount of zirconium"iéigwﬂ
proportionately, larger samples may be assayed. Only 1 mg of lantha=. ;"
num is requlired to completely carry plutonium from U.l gram of zirocon- g
ium. The yleld, as reported by R. Abraums, when the method is appliedi> %
to solutions containing very high tissue ash varles from 60 to 80w, .+ 3¢’

Bismuth phosphate extraction. The ashed tissue, initially welghing
200 = 8U0 grams, is dissolved in D0 ml of 2 M nitric acid. The plu= "
tonium is reduced by adding 2 ml of a saturated SO solutiom and”  -°
allowing to stand ¢U minutes. The solution is diluted to 80 ml and »¥.
brought to ~-759C on a water bath, While the solution is stirred . -
mechanically, 80-100 mg of bismuth (100 mg Bi*3/ml 10 M nitric-acid}

are added slowly. Most tissue ash solution contain sufficient“phoéﬁ%ﬁ.'“

phate to cause immediate precipitation of the bismuth. However, in -,

and the mixture digested while stirring. It is not necessary to add~

phosphoric acid to bone and fecal ash solutions to obtain comp1etesg§§%§é
carrying of the plutonium by the bismuth phosphate even at room tanpsgaﬁﬁ
ture. BT

e

The conditions for complete carrying of plutonium by bismuth phsopha :
ares (1} the tissue ash solution should not be greater than 1.2 M, tn’ .’
nitric acid, (2) thc bismuth concentration should not be less thamn ..
0.7 mg/ml and () the preclpitation should not be mede rapldly. - - -
Volumes of ash solutions as large as lUU0 ml may be assayed. Some of | °
the experimentel data collected in the development of this procedure.’ ;

e . ) ey 1 £ v
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is described below,

(a) i£ffect of acidity on the carrying of plutonium by bismuth phosphate.
" As the acld concentration is increased above 1.2 M, the carrying of

plutonium by bismuth phosphate decreases. Thi§ is illustrated in

Table Vo The solubility of bismuth phosphate in hydr9chloric acid and

the precipitate formed in the presence of sulfuric gcld along with

carrying difficulties encounte?ed iq other acld media 1imit the bismuth

phosphate extraction to a nitric acid solution,

issue Concentration Concentration - % of Pu
Saaple KihT of HNOg of Bi*3/ml carried by
bismuth
phosphate
1 0.1 M 0.0 mg 99
2 Uo2 M 0.0 mg 94
3 U.8 M 0.0 mg 96 -
4 1.2 M Vo ME 97
5 1.6 M 1.0 mg 86
6 .4 M 1.0 mg 61

(b) Separation of bismuti: and plutonium. Bismuth phosphate 1s readily
soluble in hydrochloric and nitric acid solutions. The bismuth is not -
precipitated when hydrofluincic acid is added. This maces it possible .
to coprecipitate plutonium with lanthanum fluoride in the presencse of
bismuth. Decreasing the acid concentration, hydrochloric acid below .
1 M and nitric acid below & M, causes excesslve coprecipitation of * %
bismuth. There is no advantage guined in using low acid concentrations:
as plutonium is quantitatively precipituted from sclutions of hydro~
chloric acid as high as &6 M, : : o

Cw
-1

In the procedure which is used, the bismuth phosphate precipitate which-
contalns up to 1 graw of bismuth is dissolved in 1lu ml of concentrated -
hydrochloric acid znd diluted to %0 ml v.ith water. One ml of solution
containing 1 mg La®d per ml is stirred ino. Precipitation of the lans
thanum is effected by adding o ml of hydrofluoric acid. The lanthanum >
fluoride precipitate containing the plutonium is centrifuged out and.!:
transferred to a platinum plate (1.-"=2" 1in diameter), dried, f{lamed.’
and counted, ; ' RTINS Wi

¢y

fa‘:i'i

The amount of acid used to dissolve the bismuth phosphate 1s governed *~
by the amount of bismuth used in the extraction step. In the case . ., -
¥here 0.1 gram of bismuth is used, 2 ml of hydrochloric acid is diluted-
to o ml vith water after solution of the bismuth phosphate., Only 0.85
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

tests, 1s bebter than 90p. The liver has given the most difficu;ty;¢#J
in analysis but the tests show an average recovery of 85%. The , ORI
maximum residue deposited on the counting dise from 1 gram of bism“th'wﬁg'
after a 1 mg lanthanum preclpitation as the fluoride 1s 3.4 mg.’ SpreaQ,3J
over a l.0" dlameter disc, thls does not cause appreciable absorption A

of vhe alpha particles. | T

NSRS S T

Since most ashed tlssue samples are contained in a maximum of 00 ml of -
o M nitric acid, and v.l gram of bismuth is sufficlent %s completely
extract the plutonium from the diluted solution, the final lasnthanum
filuoride precipitation can be made from a maximum volume of 7 ml. Less:
than 1 mg of solid 1s deposited on the counting disc. -

. nmvailuation of Procedures.

5,1 Ashing. Dry ashing is a method which requires very little atieu-
tion and vith sufficient equipment a large number of tissues may be
orocessed simultaneously. The methods as described by R. Abrams and
R. D. Finkle both give rise to a small amount of insoluble residue. '
This is more pronounced in the case where porocelain crucibles are - . .
used., However, the use of strong nitrioc acid to dissolve the residue °
leaches the plutonium from the insoluble portion and good recoveries'
are possible. o

T
¥

Vet ashing, 1f carefully done, requires frequent supervision and may =~
result 1n a small amount of insoluble residue particularly in the case’ ..
of liver samples., The insoluble material may be eliminated by per=- ... = -
chloric erd hydrofluoric acid treatments. The method is rapid and »

gives rise to a water clear solution of the tissue ash. - !

A combination dry and wet ashing procedure is oftimes more useful.ﬁvgs
in the case of bone or fecal specimens this method can’'be applieq;to,“
best advantage. : R

8.2 lLxtraction: Zirconium phosphate. The study of the carrying o
plutonium by zlrconium phosphate in various media has indicated the

method to be guite complete., As applied by R. D. Finkle and R.. Abramss
to nitric acid tissue ash solutions, the carrying is probably érOQnd;ﬁﬁgg

L

oux. LErratic results are obtained from solutions of high ash conte%tf“
Bismuth phosphate. Over 99 of the plutonium 1s carried by bismuthw %ﬁﬁ
phosphate precipitate formed 1n a tissue ash solution of the follpwingg}g
cogqosition; (1) 0.20 gram ash/ml, (2) 1.2 M nitric acid and (3) 1 mg: &
B1°“/ml, The ash concentration given is that obtained from 1uO grams X
of bone dissolved in 80 ml of solution. Concentrations of 0.9 gram aag&
ml have given an average of 9$0wm plutonium recovery. T

-

Cupferron-cghloroform. The method is based on the formation of‘theﬁi
cupferrlde complex of plutonium and its greater solubility in chloro=
form. Xt has been mainly applied to the analysis of ashed urine and

e
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fecél specimens., Little difficulty should be eiperienced 1in applying
the procedure to high ash content solutions as a preliminary precipi- ., °:
tation extractlon is performed which reduces the ash content somewhat;. 

The method glves better than YOw reéovery of plutonium. However,uit L
i{s not satisfactorily applied to a prelimlnary lanthanum fluoride pre-
cipitation as the alpha activity in the lanthanuam follows the plutonium.

Hexone. K. G. Scott, who has madec use of tils muaterial to extract
plutonium has pointed out that 70-80» of the plutonium 1s extracted
from a lanthanum fluoride precipltate dissolved with zirconyl nitrate,
put the method 1s of little value in assaylng samples of low plutonium
concentrations. The lanthsnum and zirconium contaln considerable alpha
activity which is also extracted by the hexone. -

: preliminar
®hiophenyltrifluoacetone (T.T.A.). This method also makes use of a/
precipitation of plutonium with lanthanum fluoride. Based on a lantha-
nuwn fluoride analysis of the spike solution, the method gives an average
recovery Of 89w, as reported by K. G. Scott, from o grams of rat ash.
Smaller ash concentrations give better than 9o5» recoveries. It would .
appear that the extraction is quantitative and that lower than Yb% g
recoveries are primarily due to the lanthanum fluoride carrying. Though
- tests in this laboratory have shown that some alpha activity associlated
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 contalning the plutonium can be evaporated .
directly and counted after fluaing off the swall organic residue. LooaF

4, Summarzu

~ Three methods are described by which tlssues may be ashed sultebdy for-, ;
analysis for plutonium., (1) Wet ashing with nitric acid and hydrogen %
peroxide, (2) a combination nitric acid wet ashing and dry ashing pro~>-
cedure and (v) a dry ashing procedure., ZIach procedure is described in.w

connection vith the plutonium extraction procedure applied, "
Five general methods for extracting plutonium from solutions of high Py
salt content. The solvent extraction procedures, (1) cupferron-- @p-gé
chloroform, (2} hexone and () T.T.A., all make use of a preliminary3¢;%
precipitation procedure. The zirconlum phosphate and bismuth phosphat® :
precipitation extraction procedures are adopted directly to the tissue =i
ash solution. . “ o wffﬂt}
Ty e

All the analytical methods described vith the exception of tné’T{T.A.?

L Aes

uwethod are dependent upon a final precipitation of plutonium with ¥%: #s
' A

=L

lapthanum fluorilde.
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	Table
	-thanurn Fluoride Carrying of Plutonium
	1 mg/40 mi
	1 mg/40 ml

	A 1 mg/lO ml
	R 1 mg/lO xu1
	B 1 mg/40 mL
	•3 1 mg/40 rab

	B 1 mg/lO ml
	B 1 mg/lO mb

