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1. Introduction e
& ﬂ,:‘t-f:
- . W F

The guantitative determination of plutonium in the various tissues of « W

. the body 1s of importance from seversl standpoints. Firat, the dis- .-

tribution of the element in the tissies mey be determined. Second, ;—gﬁ
therapeutic efforts may be followed and evaluated. Finally, the ques~

" tion of uptexe of plutonium by bumans mey be investigated. _ "%f

In order that the quantity of plutonium may be determined by its alpha
disintegration, it is necessary to separate it froam the tissue elther
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 widely ao- -

_cording to the conditions of the exipcriments. Where the experimental

tests involve enimals, the concentration of plutonium in the ashed 3
tissue solution may be sufficiently high so that a known portlon of T
the solution may be evaporated on a platinum disc and an alpha count = =
made. If the concentration of the ash in solution is sufficlently - o
small, the aliquot may be chosen sv that no significant mess sbsorption ™
of the alpha particles occurs. Difflculty, however, srlses when plu- .7.
toniumn concentrations are so small that large amounts of tissue must be -
ashed and all of the resulting solution assayed. Between these two ex~ -
treme cases the concentration of plutonium in the ash is such that a - *°
simple co-precipitation of plutonium yith, for exemple, lanthenum .
fluoride will separate the element from the unwanted salts, permitting |

accurate deterninastion of the awmount preseat. £§
- 1o

The methods wuich might be used to analyse tissues for plutonium may'”"ia
be divided according to thc concentration of the element in the tissue. -
It is understood that tiie inethod .upplicable to very low concentrations ul
of plutonium are aslso appllcable to others. However, since there'are’?;'
many .ore operations invelved in sssaying low concentrations of plu;;ff:

tonium, it is desirable to use shorter methods provided they are ‘. ;9%
reliable. Tissues containing more than 1l microgram of plutonium per...’ ]
gram may be assayed by counting a small aliquot of the solutlon-ash.‘“i-éé

Tissues containing less than 0.0% microgram of plutonium per gram will -

require a prelimlinary extractlion from the solution ash. In between 55&
these concentretions a simple coprecipitation may be used. T ek
s Methods for Determining Plutonium in Tissues - ';l!ﬁ*f

Ty <R,

2.1 Tissues containing more than 1 miorogrem of plutonium per'gram:“’:ﬁﬁg
A. Ashing. Tissues sre usually brought into analyzaeble form by elther
wet or dry ashing. In this case wet ashing was selected because the =
tissues are smell and could be expected to be qulckly and eococnomically ‘i.
weét-ashed. It is sdvisable to avold such ashing agents as sulfurlo acid* '3
- . E.]
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‘the violeut action has ceased, the flas< is heuted gently until practi- 3
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a8 subseguent analytical difficulties result. Nitric acld and'hydrogen_,ff
peroxide ashing will result in a residue containlng soluble salts which_:ﬁj
have not been found to interfere with s plutonium p;!:'emi.pit‘,ai_:d.::u,l....,;_‘,',‘_JL gl
. :;( ;Al.h-%',jﬁ‘ iy ,_\#
The tissue - femur, lung, liver, muscle, kidney, spleen, or‘mouse'qar-1:2g;
cass is dried at 110°C for 24 to %6 hours and transferred to a GOOJm}%“%ﬁgg

L4

long neok, I Jeldahl flask clamped at an sngle of approximately 2b°. Tlro?r‘
) W M

ml of fuming nitric acid are added slowly, (1o ml for carcass).. "Afte
cally all of the llyuid is driven off. The residue 1s allowed tP Q0O1:n'f}
several minutes and 1 ml of superoxol slowly added. Yhen the actlon has’
subsided the contents are again brought to near dryness., The nitric -
acid nnd peroxide treatments are alternated until a white or light gray -~
residue is obtained. A black or dark colored residue indicates imcom- . -.
plete ashing. Some residues, mainly from liver tissue, are rust coloredj -
in these cases the technician must rely on experience to tell if the
ashing process is complete.

X
.
A
_r].
:

The completely ashed semple is treated with 1 ml of concentrated nitric
acid, waraed for a few minutes and diluted with b ml of 0.1 M nitrio
acid, The sanple usually dissolves completely with sgitation. The
solution is transferred into a 100 ml volumetric flask. TheK jeldahl
flgsk is washed with three o ml portions of v.,1 M nitrio acid. The .
washings are added to the volumetric flask. After coollng, the solu~ Sy
tion is diluted to the mark with water. The analytical procedure %to. .
be used to assay these solutions depecnds on the amount of plutonium

Lt
present. :

In the case of wouse carcasses, the specimen should be divided in order " 3
to introduce them into the Kjeldahl flask. The specimen is treatea’  » ¢
with 1y ml of fuming nitric acid which ignites them. The tissues burn'+ . .}
vigorously. However, no loss of plutonium has been experienced at this, 'y
point. VWhen the violent reactlion has ceased, the sample is treated. as, ™\
are the other tissues. However, 1o ml of acid end > ml of superoxol; s .

are used, insteed of the smaller volumss listed above. ¥or canplete #;J*%x

ashing &s many as 10 acid-per=-oxide treatments may be required. -, . {F~E%
. o

The procedure as outlined will vork satisfactorily for 9op of tiie mouse™rZy
tissues. About dp will contaln an insoluble residue which contains,s iy, .3
some cases, as much as S0p of the plutonium. Special treatment of thiq¢’§?
resldue must be undertaken. This is discussed below. ) F.,x*;fwtg:

T I e
Rat carcasses umay be asned by this procedure but considerable'amaunﬁégfhgﬁa
of reagents are requlred. A combinstion wet- gnd dry~-ashing procedure, .4
vwhich v'7? be dlscussed later, is more satisfactory. ' " .;‘v:"._;'p
L
B. Deteruination of Plutonium. The method t0 be used to deposit plu-~ 7,
tonium on & plate in order that anh alpha count may be made is dependent, ..?
on the concentration of the ash and of plutonium. In the case of mouse -+
tissues, excluding the carcass, the sclutions contain very little ash . -3¥
and high concentrations of plutonium. Thls would allow for either a A
¢lreet lenthanum fluoride precipitation from sn aliguot of the solution "%
- et ;

T : w K -
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" num diso, evaporating slowly under an infra-red lamp, flaming in a gas.
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or direct counting of a 1 ml or less alliquot evaporated on a counting -. -y
dlsc. ' L ﬁ;@?
Direct counting of sllquot. This technijue oonsists of transferring. B %%

1 ml or less of the nitric acid solution of the tissue ash to a plati-?iﬁ%

fleme and counting, To obtaln the maximum yield, the sample must not . Z°
leave too large a solid residue, nor must it contain gaseous reagents L
which give rise to bubbling with consequent partisl loss. For ocon- e
venlence this procedure has been used to gssay mouse tlssues whose ash =

_ solutions ocomtained 500 or more alpha counts per minute per ml. L

A’ preliminary test indicated that the method was reliable. In the test
0.1 ml and 1 ml of the same solution were counted. The data are given -

in Table I..

Table I.
. Sample Composition Volume Cta./min.' :,ﬁ
of Solution , _
1 Ashed Femur ﬁ 1/1000 026 -. - °
: LTy
1 Ashed Femur 1/100 - 0335 ;i
2 ashed Liver /1000 876
. Lt R ,;‘
2 Ashed Liver . 1/100 6796 * . _ ..

» T oWin

Simple lanthunum fluoride precipitation. Plutcooium in the {IXI) end nﬁfx
(IV) osidution ststes is readily coprecipitated as the fluoride with . «
lapthanun fluoride. Vhere the concentration of plutonium is -too low "y
to directly count an aliguot of the ash solutlon and yet too high to;rizs
warrant .an intermediate extraction step, s lanthanum fluoride preolpi- &
tation to separate plutonium from the cther inorganic sonstituents ing. ¥
the ash solution may be used. The concentration of calcium igjthe. - u{¥e
solutions of ashed mouse or rat tissues is low enough to permft as 77 <3
much as 2bp of the solution to be assayed. Vhere the entire § lutfon“ﬂéi
of the ash is used, calcium fluoride causes a heavy deposit of’the , - 4 **
counting dises snd absorptiorn errors result. The general outi}ne of, -

the procedure follows. _ T

ity

e

1

| S §:
An aliguot of the nitric acid solution of the tissue ash is mfde up t@{fﬁ
22 ml with 0.% M nitric ecid 1n a 20 ml tapered pyrex centrifij
and treated with 2 ml of a saturated solution of sulfur dioxifR
solution is agitated and ellowed to stand 50 minutes for tlLe B8
of plutonium to the lower valence states. Ten ml of 3 M nitr§g a
are-added aaud 1 mg of lenthanum {1 al solution containirg 1 mgee

ﬂ)‘-#
-"'—-’::"'"" ""_-.wﬂ"‘ "~
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is stirred 1a. To this solution i1s added b ml of hydrofluoric scid. }
X

- The solution is agitated for several minutes and the lanthanum fluoride ° ;
precipitate, which is not always visible, is centrifuged at 2000 RPM j:;
for five minutes. The supernate i3 dlscarded and the precipitate S T
trgnsferred to a platinum disc, dried, flamed and counted., The preoi&_f’}
pitate 18 transferred by means of g micro-plpette after alurring”wi.th‘_ et

a few drops of dilute nitric acid, RRRE P

This procedure gives an average recovery of 83% of the plutonium on:: -,

analysle of several hundred tissues. Some of the data for various - . .
technicians are given in Table II. : : o
Table II.

Lanthanum Fluoride Carrying oi‘ Plutonium
Trom Mixed Tissue Solutioas.

Technician La*® conc., Trial Plutonium'® .
Recovery ., - .*-:
e
A 1 mg/40 ml 1 B84% . L.
A 1 mg/40 ml 2 86 L%
A 1 ag/10 ml 1 83% B
A 1 mg/10 ml 2 . 86% - e
B 1 mg/40 ml 1 82p .. 7
B 1 mg/40 ml 2 8l% = ...
B 1 mg/40 ml : 3 84% i =
B 1 mg/10 ml 1 82 -
B 1 mg/10 ml 2 80% PR
B 1 mg/1C ml 3 Bawp - v
tf‘;ﬁg“g
3

L

As was pointed out, when the conoentration of suslts becomes too high;';ig, :
very lnconsistant results ure obtained vhen making a simple lanthamﬂﬁ,,ﬁw?
Tfluorlde precipitation. This is illustrated very clearly by the re-;;é “’%
sults given in Table III. The analyses were on a solution of an ashad’ s

ral carcass contained in Z£00 ml of 0.2 M nitric acid. ; OIS
» P

K %‘*“
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Rat
Rat
Rat
Rat
Rat
Rat
Rat
Rat
Rat
Rat

- The results in Table III are rather ulsleading in taat 1t appeara that
higher lunthanum concentrutions carry less plutonium.
is that a lerger residue i1s obtained on the counting dise probably due
to the higher ratioc 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 anegli-
gible and assayed for plutonium by copreclpitation with lenthenum = ad

The actual case

. Table III. ) e i g

o carryihg of Plutonium by Lanthanuam Fluoride from an =~~~ ?é;

. 48hed Rat Carcass Solution. B |

- - g2

Solution Final Volume - La*3 used Plutonfwn . '

Recovery
Carcass 40 ml 1l mg 78%
Carcass 40 ml 1l mg 77%
Caroass 40 ml 1l mg P09 -

Carcass 10 ml 1 ng 62%
Carcass 10 ml 1l ng 6 5%
Carcass 10 ml 1l mg H9%
Carcass 40 ml 1l mg 83%
Carcass 40 ml 1l mg 86%
Carcass 10 ml 1l mg 74%
Carcass 10 ml 1l mg 06%

Y.hen this

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

Carryling of Plutonium by Lanthanum Fluoride from IR -

Diluted Ash Rat Carcass Solutlons "rhlﬁf3

. P *, .;r_ﬁ“

- I J:‘: ‘“"

Sclution Finel Volume 1a%5 used Plutonium Recovet?‘“gg

- ) '{"1&'_)' v

,','.t_ j\:‘%'

Ra% Carcass 40 ml 1 mg. 91% by
Rat Carcaess 40 ml 1 mg. 93% T a2
Rat Carcuass 40 ml . 1 mg. 94%. » .S NE
Rat Carcess 10 m} 1l mg. 101% R S
Rat Carcass 10 ml 1 mg. 9% L op.
Rat Zarcess 10 ml 1l mg. 4% *’5?”{
Rat Caronss 10 ml 1 mg. 98% . oty
~ :":__1'.

-y ,:
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The colleoted duta on tie lanthanum fluoride carrying of plutonium ¥
suggest that 1t is qulte sutisfactory for wost tissues with low ash 4
oontent. %“hen the ash content is greater than_l mg/ml one can expeot . ::
- a decrensed yield, primarily due to absorption of the alpha particles . s
during counting. L S

b

R, D. Finkle(1) describes a method for assaying tissues for plutqniujﬁfﬁ
as follows: ,

b

. _'4

i

nDry ashing of soft tissues: The tissues are placed in pyrex beakers
of appropriate slze, held away from ocontact with the glass byoa fllter o
puper ocone. They are dried at 1000¢ for 1z hours, and et 200°C for ’
&4 hours, and finally ashed at do09C for 48 hours., The filter paper
stays intact throughout the £00°C treatment thus preventing contact *

of the tissue with the glaess until it is thoroughly dried. The ash Y
usually conteins a small emount 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 exmotly
the same manner.” ‘ , T .

“Coprecipitetion of Plutonium: The tissue ash from the dry esh method -,
is dissolved in & M nitric acld contsining 0.9 N hydroxylamine ,t0 en

ash concentration of 20 mg per ml, the average ash ocontent of eaoh - -
tissue belng previously determined. In cases where there is leas than .
0 mg of ash, the ash is dissolved in 2 - 5 ml of the scid. A 0.5 ml - -
aliguot of the solutdion, including a suspension of any inscluble matter
vhich 1s present, is transferred to a 1 ml centrifuge tube. It is .,
treated with U,> mg of lanthanum as lanthanum nitrate, mede 2 N in, ' ',
hydrofluorie acid, stirred csrefully vith a small platinum rod and N
centrifuged at 2000 HPM for » minutes, The sides of the tube are - - ,4
washed down by stirring the supernatant without disturbling the precisi’ .
pltate and it 1s finally centrifuged for ten minutes. The supernate .~
1s then carefully removed with a caplllary plpette. The resldue is-&7=
transferred to a ome lnch platinum dizc with the same pipette using’, .. -
about 2o lambde of « M ritric acid and %00 lambda of water to erreot&;wﬁ

the transfer. This is evaenorated to dryness, flumed to redness and gjgk
counted, This procedure results in recovery of ¢%» of the plutonlum” - -y
in the case of soft tissues, Mo

L gl

"In the case of bone at an ash concentration of 0 mg per ml however{ s
there Is a sufficiently large precipitation of calcium fluoride to i M
cause aboul lbx mass absorption. Rat and mouse carcass ash 9055135,9%%3
ing of bone ash plus the muscle, skin, and connective tissue ash CLT

. L
causes mass absorption of about llw. T*

R

4
I X'

. The method is useful in the goalysis of tissues contalning plutonium' -
in & concentration of 1 x 10™° mlcrograms or over per mg of ash,™ . = .

»

e
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residue insoluble in nitric acid to collect at the bottom of the tube.ﬂ
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Another method which ha8 been used to assay rat(gad wouse tissues is _f
described in detail by R. Abrams and assoclates This method - . .,
makes use of a double precipitation where the plutonium i1s first re- -g

moved from a hig: ash content sclution. The complete analytical
procedure 1s as follows. - - .

"Destruction of organfic material: The tissue ko be ashed is placod o
in & porcelaln orucible and dried at 120 - 140°C for & minimum of
three days. ‘After drying, the crucible contalning the organic resi-
due 1s placed in a muffle furnace and heated at 500°C for 23 hours, :
The heating is continued for the next 24 hougs at 400 - 450¥C v
Finally, the temperature is ilncreased 1o 600™C, and the material ashed
at this temperature for 46 hours (see note 1). o

"Dissolution of ash. The ash is dissolved by heating on a hot plate
with concentrated nitric acid. For most tissues five minutes is suf-
ficient time for heating, however, liver requires about fifteen minutes,
The mcid 1is repleced as 1t evaporates. To assist its solution the ash
is scruped from the sides of the crucible with a glass rod. The dis-
solved ash plus the insoluble residue (see noue 2) is transferred to

a 18 ml graduate centrifuge tube vwith the ald of water from a small
wash bottle and of the stirring rod. The crucible is treated a seoond
time as just described and the washings combined in the centrifuge

tube, The total amount of acid used can often be adjusted so that

the allquot taken for anaeslysis will contain just the requlred smount

(2 ml ¢ M nitric acid). s

"Sempling of ash solution, The solution in the centrifuge tube 1s -
thoroughly stirred and centrifuged (sce note 3}. This ocauses the -~ .«

Without disturbing the sediment an aliquote is removed vith a plpatteﬁ .
for analyslis, Ordinarily the volume of the sediment is smsl) and can -3
be neglected, but 1f it is large encugh its volume can be subtraoted™™x’
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, lustroid, centrifuge tube. Addltionv

*-

3

“5 3

&

al acld may be added 1f necessary to make up the difference. The: o
solution 1is finally diluted to 14 ml. N h;%ftj

W RS
"Precipltation of zlrconium phosphete. To the solution in the lu&-_dh“
troid t&be is added U.,0o ml of a zirconyl chloride solution oontaininge4
8 mg Zr®%/m) of u.ul M hydrochloric ecid (4 mg 2Zr}. The solution’ is

thoroughly stirred. Then U.4 ml of 1-1 phosphorlic acid 1s added N ~‘
slowly with thorough agitation (see note 4). The tube is centriruged‘%
(note b} ond the supernate discarded, R

MNeshing 0f_precipitatse. The zirconlum phosphate precipitate con-
talaling the pusoibed prucousiwa is ithoroughly mixed with 1 ml of dilute”
phosphoric acid (note 6). After this, ebout 14 ml of the dilute acid:
w35l are added and the precipitate thoroughly washed by stirring and
the preciplitate centrifuged out. Tiie supernete disoardedo

e Tl T Y 4
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nlanthanun Fluoride precipitation. To the washed zirconium phosphate
precipitate containing the plutonium is added 0.3 ml of lanthanum :
nitrate solution contalning 1 mg La*S/ml of 0,01 M nitric acid (043, ...

> W

mg La®9), Then 1l.v ml of concentrated nitric acid is added, The . ¥.4 %
mixture is thoroughly stirred, and the platinum stirring rod weshe! “*?*Q
off wvith 1 ml or less of water. Now .2 ml of concentrated hxdroflﬁogicjgg
aclid is added (see note 7}, and the solution thoroughly stirred and ;. .
the stirring rod washed off with 1 ml or less of water, Ca Te wr W
. : 3o ey ="‘f
nphe tube is centrifuged and the supernatant sclution decanted, With
the lustrold tube still in a vertical, inverted position (after the
1icuid bhas run out) a half sheet of "Kleenex" is pushed into its open
end to form &8 wad to absorb the liquid which continues to drain down
the nides of the tube. The tube is left in thls inverted pozition .
until the lanthanum fluoride precipitaste contalning the plutonium is E

transferred. '

oy i ol - W el

k¢

e

wPransfer of precipitate to platinum plate, V.ith a rwzor blade the . -
lower half inch of the lustroid tube containing the lanthanum fluoride ¢
precipitate is cut off. uJ.,00o ml of 1 M nitric acid is added to the -
precipitate and slurried with the t1p of a smell pyrex plpette meade =
from & mm tubing. The sume pipette {note 8) 18 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 showlng.

han tha 1i~1nid fae Arv tho nlatinim nlate e Flomad Avar a miavwahurnaw i

s

Lo,
. T -
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"4, At this point a gelatinous precipitate of zirconium phosphate
forms which carries the pluvonium from the solution.

5, The lustroid tubes must not be centrifuged at a speed great- -

- 1-..; .

I TRTI

er then 1900 RFM as there is danger of deforming the bottom of the o

tubEO R R i . "

(3

"6. The phosphoric aold solution contains 1.26 ml of concentrated ;

phosphoric acid per 100 ml of water.

r7. The zirconium phosphate precipltate dissolves and a lanthanum

fluoride precipitate forms. The solution appears clear as the amount

- of lanthanum fluoride is smalil.

"s, The pipette is attached to & 1 cc tuberculin_hyhadermio
syringe by a plece of rubber tubing of appropriate size.”

2.2 Tissues containing less than U.vo micropram of plutonium per grem:
The previous scotion dealt primarily with tissues of high plutonium

‘concentrations. However, procedures were also given which could be )
used for intermediate conoentrations, that is, tissues containlng be-

tween 0.,0u and 1 wmicrograuv of plutonium per gram. AS was previously .
stated, the reason for making use of varied methods is primsrily a
time saving fasctor. A3 a matter of necessity loanger methods alre re-
quired for low actlivity tlssues,

A. Ashing., Most of the lerge tissue specimens, semples of 200 to .

200 graoss, wey be ashied by the general methods us described for smaller
ones. There are other iiethods vhich have been tested which mlght prove
useful in specific casers These ave described below, .

Ammopfunm Nitrate-Nitric acid kiethod. The sawple, &UQ -~ 30U grams, 1a A3
placed in a ou0 ml long nec< Kjeldahl flask and 1y grams of smmonium: ;f
nitrate added. Twenty-five wl of concentrated nitrle acld are added ‘g
and the reaction started by heating gently. The reaction continues "¢
without further heating. ".hen the reaction subsides, moderate heat 133
applied and vigorous bolling continued until all the acid is removed-*‘
and the residue coupletely carbonized. The flask i8 strongly heated*® 43
and after cooling is treated with fuming nitric acid and peroxide.as. g.
previously described 1or rat and mouse tissues. The ash 1s dissolved - I
in nitric ncid, the concentration determined by the snslytical meﬁﬁod.ﬁ
to be used. oy ,p4 .?

The use of ammoniuan nitrate shortens the ashing time considerably und-v
gives a reandily soluble ash. However, the method is dasngerocus as .. ¢
viclent reactions set in et times. . . o
In most of the ashing procedures described some insoluble material 1af
usually formed. Tuis is wost proncunced with liver tissues ashed in -
pyrex or porcelaln. This insoluble residue may or may neot contain T
plutonjum, However, it is desirable that it be eliminated if posaibles

‘Preliminary tests showed that inost of this residue vas 8ilica and )

3

/", f—,aﬂ + R
- -
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fuming the residue v.ith perchloric and hydrofluorlc acld was performed -
to rewove this waterial. s B )

]

1
R
it

Ashing of human tissues. One hundred to two hundred grams of‘tisSuq}ﬁsﬁ
{bone, liver, muscle, eto.) are transferred to-an BOO‘ml;chor*glasa-gggg
Kjeldahl flask. The sample, vhich has been cut into smell pleces, 1g%' ' 4
neated to dryness-and treated with Zo0-50 ml of concentrated nitrio: R~
acid. The sample is heated graduelly until roaming‘ceases.w‘Twoﬁmpre\3{
zo ml concentrated nltric acid treatmentis are performed, being aurqjtg s
bring to dryness each time. At this point the tissue 1s.usually a* .,
caapact charred mass on the bottou of the flask, The mass 18 now - -~ =
treated vwith 10 ml of funing nitric acid snd brought to dryness, It
15 next treated with o ml of superoxol and heated to boiling; thén

10 ml of fuming nitric acid are added. OCare should be taken to see .
that all the superoxol is boiled off before adding the acid as nitric.
acid and peroxide react very violently. One should not be added while
the other 18 present. A5 many more treatments are mule a8 are .re- -
quired tv give a white wsh. In order to prevent reaction of the alka-
line residue with the glass, the sawple is never heated very strohgly.

at dryness. .

P Y

“.hen completely ashed, the semple is treated with u ml of superciol '
and heated gently until the residue 1s coupletely disintegrated.- = - . '
Small portions of 6 M nitric acid are added until the residue is dis- ..
solved. The resulting solution is usuelly cloudy and may even ocontath .
suspended particles. Tlie whole is transferred to s 400 ml platinum =
beaker and evaporateld to dryness, The residue is treated with 10 ml - -
of perchlorle acid and 1V ml of hydrofluoric acid, brought to dryness L.
and heated until fuming ceases. It,is now treated with 10 ml eaoh of °
aydarsfluorlic and nitric acids and the fuming repeated. Filnally, the rfjﬁ
residue is taken up in 1y ml of nitric acid end agein heated.to dry-"t s
ness. Twenty-~five ml of £ M nitric acid are sdded and the aample,'&_k%}
heated until complete solution 1s effected., The solution is trans- ' §
ferred to a contalner for enmlysis. N R

e

v '.ﬂ'.lpx._'

. - ! W I ‘_‘?-._.I.} . .
B. txtraction of Plutonium. This section will deal primarily:withg-gqﬁ
metiiods which heve been developed to remove plutoaium from the_bulkifi?ﬁ
of the salts conialned in the solution of the ash.. This 18 hecessary iy

for : ~nngequent lanthanum fluoride precipltation or direct depdﬁiﬁ&dn?«
of - “+ouonfum for counting. \ ﬁkﬂjﬁﬁﬁﬁ
{3} S

a T
Hexone solvent extraction « The plutonium contained in m 2 M nityig 73
acid solution of the tissue ash is precipitated with 40 mg of lenthanum:
as the {luoride. This precipitate is dissolved with 00 ml of solut¥on
containing 10 grams of zirconyl nitrate, To the solution in a sepaba™"?
tory funnel are added «u grams of ammonium nitrate. Alter solution i «
U-1 pracs of potassium permanganate is added., The resulting‘solutiﬂﬁ-{wf
¢ ovne aowed fud 1o wiautes vien 0 ml of hexone, The iayers are $b£}?f
Sgparc® »i ~nd the plutonlum is extracted from the hexone with 10 ml 7T .~
of & M nitric aeid which is U.1 N 1in hydrogen peroxide. The hexone--%;ﬁ
ls extractod a second time with 10 ml of 0.1 N in hydrogen peroxideﬁaﬁgf
T ' "
— it A
~ LA » ~ e 4N .



h161000

1 - - -- . s . - P
1y, e . s " PN PR
' - 5. . - . o e P UL AT e
a5 et e i e S e Bl Tttt e S M kgﬂ :.J
e . - P - - . . e e I Eha [k :
W

- .
'#/ ' e N
. 1 .-\ v i ¥ oo ‘q. N =T
. o .
S

The plutonium is removed from this solution by a lanthanum fluoride

precipltation. . The wethod gives recoveries of F0-80z. :_iﬁF}
Although large amounts of ashed material can be handled by the hexone @

i

- -
L -
R T b e

method it is of little value in assaying samples of very low plutoniﬁmi .,
content. slpha contaminents in both the zirconium and lanthsnum -«

follow plutonium throughout the proecess,

Thiophenyltrifluoacetone (T.T.A.) Solvent Extraction‘s).‘ The plutonimn'j

mine hydrochloride (0.1 ¥)}. It 1s then precipitated vith 40 mg of
lanthenun &8 the fluoride from 1.5 M hydrofluoric acid sclution,

The supernate 1s decanted and 40 ml of 1.0 M aluminum nitrate in 0.2 M
nitric acid is added to the precipitate. The precipltate dissolves
upon stirring and slightly warmlng. The solution is made 001 M in

. “contained in the 2 M nitric rcid ash solution 1s reduced with hydroxyla-:

sodium nitrite snd asllowed to stand at room temperature for lo minutes, -

It is quite essential to have the plutonium in the plus 4 state at the
end of this period. The solutlon is transferred to a 120 ml separa-
tory fumnel. Ten ml of U.z M T.T.A. in benzene are added. The extrac- .
tion can be carried out by shaking or stirring mechanically for five

minutes. After the two phaSes have been separated, the T.T.A.-Plutonium

solution is washed wlth 10 ml of water. The washes are discerded. Ten

ml of 8 M nitric aoid are used to extract the plutonium from the T.T.A. -

solution, The nitrio acid is evaporated on a platinum plate, flamed -

and counted. The method gives an average recovery of 90» from b grams ..

of tissue ash based on a lanthesum fluoride analysis of the splked o
solution. The nitric aclid extraction moy be eliminated and the 1O ml ;,
benzene solution may be evaporuted djirectly and counted. ‘ e Ny
One of the very attractlve features of this procedure 1s that a negliw iy
gible agount of sollds 1s extracted and therefore no mass absorptlop. -
correction is needed., The only objection to the use of this prooedurffﬁ

1s the presence of alpha activity in the lanthanum available at L
Chicago. This activity follows the plutonium. WWhen very low plutopigﬁ;
concentrations are handled, a major error amey thus be intro&uced,'j]w'gg

. .,V-“'_"' ILﬁ
cupferron - chloroform solvent extraction: George Cowan (4)describ§§fis
a8 procedure by which urasnyl nitrate solutlons can be assayed for plg--;v
toniun by extraoting Eg? cupferride complex of plutonium with chlorg=-; =~
form. WUright Langham and assoclates adopted this technique to the -/

analysis of ashed biologicsal materiuls. Their metnod is as followaal-;;

- T
"The tissue ash 1s dissolved in oU-100 ml of  iilute hydrochloriec mold,, -
treated with an excess of concentrated ammonium hydroxide and the.pre- !
cipilate centrifuged out. The precipliate is vashed ouce with 2b ml o
of a 2 M amponium chloride soluticn vhich 1s also 0.1 ¥ in emmonium
iyaroxide, It is then dissclved in approrimately zoml of 2 M hydro-"-
ciiloric scid and transferred to a separatory funnel. One mg of -iron -~ v
1s added as ferric chloride in u.2 ml of U.% M hydrochloric acld, The_ "
aecld solution is neutralized dropwlse vith concentrated aumonlum L
hydroiride to a point just short of permanent precipitction (bring back -
with hydrochloric acicé if necessary) anqtéggggﬁately shacen for sbout &

U _ e - ~ - - 4 A
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less, _—

tonium ocupferride complex is extracted into a 40 ml pyrex ceantrifuge ... i}

ar
]

»

cone with £ ml portions of-chloroform until the lest portion is cqlors;i .

. PR
i+ 3""\"' RS

b
]
'
-

el
.«

s et e

g i

.

"After complete solvent removal on a water bath at 65°C, the residud . [
is treated with V.75 ml of concentrated nitric acld and heated for .
o=10 amlnutes on a steam bath before the sddition of 0.%9 ml of 32&: R
perchloric acid. The tube is then placed in an oil bath at 130°C whiloh®
is gredually raised to 180°C over a period of one hour. At the end of
this wet ashlng, the fuming solution reduces in volume to 0,75 ml of a
clear pale yellow color which becomes colorless upon cooling. This
solution is then diluted to 4 ml with water and sllowed to stand one-
half hour after the addition of 2 drops of a 20% hydroxylamine hydro-
chloride sclution. Forty micrograms of lanthanum are added and =
preciplitation of lunthenum fluoride is affected by the addition of 1 ml
of concantrated hydrofluoric acid. The tube is centrifuged at 2000 RMM
for lov minutes, the superaatant decanted and the precipltate weshed.
once v.ith % ml of J.l N hydrofluoric acid. The precipltate is trana~ , -
ferred to a platinum plate in the usual manner for counting." foent

A

¥
t

-+

No experimental recoveries were given when this proocedure was submitted.. "
However, tests In this laboratory have shown an average recovery of - o

better than 80p. I
Zirconium phosphate extraction, This procedure was previously @Gee .. ‘.:i.
scribed ror small tissues. By lncreasing the amount of zirconium .4 . .:*
proportionately, larger samples may be asseyed. Only 1 mg of lantha=~ G s
oum 18 reqguired to completely carry plutonium from 0.l gram of ziroom~-:%’ #

*

ium. The yleld, as reported by R. Abraas, when the method is appliedss #%

to solutlons containing very high tissue ash varises from 60 to BOw, o %ﬁ

Most of the loss 1s encountered in the zirconium precipitation.« . 7 e i0%
BRI N AT -
Bismuth phosphate sxtraction. The ashed tissue, initially 'weighing--,‘??-"_iig
200 ~ U0 grams, is dissolved in 90 ml of 2 M nitric acid. The pluw J_l‘-_,-‘»',:\;.f
tonium is reduced by adding £ ml of a saturated S0p solution and’ ‘,~<"‘§"s}g‘-”
allowlng to stand ©U minutes. The solution is diluted to 80 ml andﬁ;,*#m
brought to ~.~78°C on a water bath, Wwhile the solution is stirred. : '-:""“&“;ﬁ"."i
mechanically, 80-100 mg of bismuth (100 mg Bi*3/ml 10 M nitric-acid) yes
are added slowly. Lost tissue ash solution contain sufficlent pho;af_-f\ﬁ?;:"f
phate to cause iummediate precipitation of the bismuth. However, in g9 7%
almost all cases 2 ml of 1-1 phosphorlc acid should be added alowly’%'_éﬁ@v
and the ulxture digested while stirring. It is not necessary to add .. %
phosphoric acid to bone und fecal ash solutions to obtain complete.. - W8 g
carrying of the plutonium by the bismuth phosphate even at room temperss:i-.
ture. T

The conditions for complete carrying of plutonium by bismuth phsophate - 5
are: (1} the tissue ash solution should not be greater than 1.2 ¥ in: ° ]
nitrie acid, (28} the bismuth concentration should not be less than v
0.7 mg/ml aud (5} the precipitation should not be mede rapidly. ’
Volumes of ash soluticns as large as 1000 ml may be assayed. Some of
the exverimentel date collected in the development of this procedure.
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is desoribed below,
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{a) Effect of acidity on the carrying of plutonium by bismuth phosphate,:

" As the acid concentration is increased above 1.2 M, the carrying of . :

9101000

nium by bismuth phosphate decreases. This is i1llustrated in i
g;z;z V. T{le solubility of bismuth phosphate in hydrochloric acid and
the precipitats formed in the preseunce of sulfuric acid slong with L
carrying diffioculties encountered 1in other acld media lim;t the bismuth 7

phospbate extraction to a nitric acid solutlion.

Sanple of Tissue Concentration Concentration - % of Pu

of HNO of Bi*3/ml carried. by
Ash ° bismuth
phosphate
1 0.1 M D.o mg 99
2 Ue2 M 0.0 mg : ~94
3 U.8 M 0.0 mg 96
4 1.2 M V.9 ng 97
5 1.6 M 1.0 mng 86 L=
6 2.4 M 1.0 mg ' 61 PO

o
L

{b) Separation of bismutii and plutonium. Bismuth phosphate is readily . .
soluble in hydrochlori¢ apd nitric ecid solutions, - The bismuth is not %
precipitated when hydroflunclc acld is added. This mac<es it possible .,
to coprecipitate plutonium with lanthanum fluoride in the presence of .
bismuth. Decreasing the acid concentrat.on, hydrochloric acid below-: 3’
1 M and nitric acid below & M, causes excessive copreclpitation of Rt
bismuth. There is no advuntage guined in using low acid concentrationp:’
es plutoniur Is quantitatively preclpituted from solutions of hydrbf‘:aﬁg
chloric ecid as high as 6 M, - T T

b -
s, o3 1

In the procedurs which is used, the bismuth phosphate precipitate which::
contalns up to 1 graw of bismuth is dissolved in lu ml of ooncentfatad'}ﬁ
hyarochloric acid and diluted to 30 ml vith water. One ml of aolutidnf%j
contalning 1 mg La*d per ml is stirred in. Precipitation of the lang ¥ =
thanum is effected by udding v ml of hydrofluoric acid. The lanthanum "4
fluorlde precipltate containing the plutonium is centrifuged out and,! },;P';

transferred to a plutinum plate (l.-"-2" in dismeter), dried, flamadfﬁgﬂ

ani counted, L B
. %

The amount of acid used to dissolve the bismuth phosphate 1s_governgd'gi

by the amount of bismuth used in the extraction step. 1In- the case . ., -

where 0.l gram of bisuuth is used, 2 ml of hydrochlorle aoid 1s diluped~s
to o ml v1th water after solution of the bismuth phosphate. Only Q.85 -
mg of lenthenum is used to coprecipitate the plutonium from this volume®-
of solution,

n
-~
I

s T 18
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Ted oA gat _!;
The analytical yield from this method, obtained from several hundred . {
tests, is better than 90x. The liver has given the most d_i'trlcu}t;(’;,a,_ L
in anslysis but the teats show an average recovery of 850« ° The e ;;;?'x;-
maximun residue deposited on_the scounting diso from 1 gram:of biamuth s
after a 1 mg lanthenum preclipitation as the fludoride ia 3.4 mg.* Spread

mu.«u

5

5

over a l.o" dismeter diso, this does not oasuse appreciable absorption #%:ix
of whe alphe particles. « e e ST

. : L . T e :;,, #
Since most ashed tlssue samples are contained in a meximum of o0 ml of . *i

2 M nitric acid, and u.l gram of bismuth is sufficient %e completely . . .
extract the plutonium from the diluted solution, the final lanthenum' °
fiuoride precipitation can be made from a maximum volume of 7 ml. Lesa: .
than 1 mg of solid is deposited on the counting disc. ‘ b

Ll

*“

$. Bvaluation of Procedures. N
5.1 Ashibg. Dry ashing i1s a method which requires very little atiwa-
tion and vith sufficient equipment a large number of tissues may be
processed simultaneously., The methods as described by R. Abrams -and
R. D. Fiokle both give rise to a small amount of insoluble residue. -
This 1s more pronounced in the case where poroelain crucibles are .~ . ...
used. However, the use of strong nitrio mcid to dissolve the residue ' :
leaches the plutonlum from the inscluble portion snd good recoveries' o

are possible. SO
LA
wl

e
)
'

i

et ashing, 1f carefully done, requires frequent supervision and may < -
result 1n a small amount of ilnsoluble residue particularly in the case’ .
of liver sauples. The insoluble material may be eliminated by per-. . -
chloric t1.d hydrofluoric acid treatments. The methed is rapid and;x't,‘- ’
gives rise to a water clear sclution of the tissue ash, e f@;

N ".- Ju-.?:m&
A combinetion dry and wet ashing procedure is oftimes more useful, '. A8y,
1n the case of bohe or fecal specimens this method can be applied to- };é

EL TN A
best advantage. . ‘,‘s{tiﬁ; 'e:% ;

L ot ! 3 v Eea
se.e Lxtrastlon: Zirconium phosphate. The study of the carrying ':oréig-;]
plutonium by zirconium phosphate in various media has indicated the i o
method to be quite complete. As applied by R. D. Finkle and“f;.khbrm‘a}?‘
to nitric acid tissue ash solutions, the carrying is probably"’ardunq;,i?g.‘fi
oox. Krratic results are obtained from solutions of high ash oontq#tr;'. '

. T . “‘m '
Bismuth phosphate, Over 99 of the plutonium is carriled by 'bismutnﬁ‘-f"-';t,ﬁ;f’f
phosphate precipitate formed in a tissue ash solution of the following
composition: (1) 0.20 gram ash/ml, {(2) 1.2 M nitric acid and (3) 1 m "g
B1*“/ml. The esh concentration given is that obtained from 1uG gramgq“;
of bone dissolved in &0 ml of solution. Concentrations of 0.9 grem ashj
ml have given an average of $0p plutonium recovery. e
g[;_rg_fevronmchlorpformo The method is based on the formation of the RN 2
cupferride complex of plutonium and its greater s0lubility in chloro- _t#
form. It hes been mainly applied to the analysis of ashed urine 8nd 'y

-
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- Three methods are described by which tissues may be ashed sultab¥y for
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‘fecal specimens, Little difficulty should be experienced 10 applying .-

the procedure to high ash content solutlons as a prelimlnary precipi- , }
tation extraction is performed which reduces the ash content aomewnaﬁﬁfz

: . . e - o tan,
The method' glves better than wOx recovery of plutonium, —However, it . |
{s not satisfactorlly applied to a preliminary lanthanum flaoride pre-
cipitation as the elpha activity in the lanthanum follows the plutonlum,

Hexone. K. G. Scott, who has made use of tiils mauterial to extract .
plutonium has pointed out that 70~-80p@ of the plutonium is extracted .
from a lanthanum fluoride precipitate dissolved with z2lrconyl nitrate,
put the method is of little velue ip assaying samples of low plutonium -
concentrations., The lanthanum and zirconium contain conslderabls alpha
aotivity which is also extracted by the hexone. :

: ' : preliminar;
Thiophenyltrifluoacetone (T.T.A.}. This wmethod also makes use of a/ °
preclpitation of plutonium with lenthanum fluoride. Besed on & lantha-
nun fluoride anelysis of the splke solution, the method gives ah average
recovery of 8%, as reported by K. G. Scott, from » grams of rat ash.
Smaller ash concentrations give better than 9op recoveries, . It would .
appear bhat the extraction is gyuantitative end that lower than Yo% '
recoveries are primarily due to the lunthanum fluoride carrying. Though
tests in this leboratory have shown that some alpha activity associated
with the lanthanum is extracted, careful selection of the lanthan P
samples can avold thls 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
meterisls. This solution containing the plutonium can be evaporated
directly and counted after fluiaing off the swall organic residue,

[
13
-

KT

4, Summary.

¥

.o
F

b

analysis for plutonium. (1) Wet ashing with nitrioc scid and hydrogen *:
perozide, (2) a combipation nitric acid wet ashing and-dry-sshing pro~:"
cedure and (v} & dry ashing procedure. Xach procedure is desoribed inuv
connectlon vith the plutonium extraction procedure appllied, - g_é:g:

Five general methods for extrscting plutonium from solutions of highs i<«
salt content. The solvent extraction procedures, (1) cupferron=- g;“
chloroform, (2) hexone and (&) T.T.A., all make use of a preliminary:, -
precipltation procedure. The zirconium phosphate and bismuth phosphat®’
precipitation extraction procedures are adopted directly to the tissue~
esh solution. . ' c Ty e
R

All the analytical methods described vwith the exception of the T.TuAs"v-
wethod are dependent upon a finel preciplitation of plutonium with o “
lanthanum fluoride. 3
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