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Introduction 

1. 

of plutonium in the various tissues of. ..;. 
severs1 standpoints. First, the dis- 

1, 

The quantitative detenninat ion 
the body is of importanae from 
tribution of the element. in the tissws may he determined. 
therapeutio efforts may be followed and evaluated. Finally, the ques- 
tion of uptaze Of plutonium by hI.u.nans may bo investigated. 

In order that the quantity of plutonium may be deterrnined by its alpha 
disintegration, it is necessafy to separate it frm the tissue either 
by a direct extraction or fron a solution of the ashed material, The 
former case would probably be difficult as the nature of the deposition 
of plutonium nay be different in each type of tissue and therefore no 
uniform prouedure could be adopted, 

Second, 

It is apparent that the concentration of plutonium may vary widely ao- 
cording to the conditions of the expcrbents. 
tests Involve animals, the concentration of plutonium in the ashed 
tissue solution may be sufficiently high so that a known portion of 
the solution may be evaporated on a platfnum Uisc and an alpha oouat 
madeo If the concentration of the ash in solution is sufficientu 
small, the aliquot may be chosen SO that no siwificant mass absorption' 
of the alpha particles ocours. Difficulty, however, arises when'plu- -' 

tonium concentrations arc so small that large mounts of tissue must be 
ashed and all of the resulting solution assayed. Between these two ex-, 
trerne oases the Concentration of plutonium in the ash IS such that a 
simple co-precipitation of plutonium 5 ith, for example, lanthanum 
fluoride will separate the dement froa the unwanted salts, permitting ' 

accurate deterraination of the amount present, 

The methods uich might be used to analyse tissues for plutonium may 
be divided according tu thc concentration of thc element in the tissue. 1 

It is understood that ttte method .applicable to very low concentrations_ 
of plutonium are a190 applicable to others. However, since there  re^' 
many .nore operations involved in assaying low concentrations of pl 
tonium, it is desirable to use shorter methods provided they are 
reliable. Tissues containing rnore than 1 microgram of plutonium 
gram nay be asssled by countiiiC: a small aliquot of the solution a 
Tissues containing less than i),OK) microgram of plutonium per @;ram will,'-$ 
require a preliminary extraction froru the solution ash, In between -1 . 
these concentrations a simple caprecipitation may be used. 

Methods for DctermlninE Plutonium in Tissues 

Uhere the experimental 

., , 
i* 

Per >.+? 

I. 

201 !'Pissues containing more than 1 mtororzrram of plutonium per 
A. Ashing. Tissues are usually brought into analyzable form b 
wet or dry ashing. In this case wet ashing W~S seleoted becaus 
tissues 
WBashed. 

wall and could be expected to be qulokly and eoonomioal 
It $a advisable to avoid such ashing agents aa tsulf 

f. , , . . I. 
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as subsequent analytical difficulties result. Nitric acid and hydrogen 
peroxide ashing will result in a residue containing soluble Salt8 which 

The tissue - famu, lung, liver, iuuscle, kidney,-spleen, or mouse oar 
caS~ is dried at llO°C for 24 to 36 hours and transferred to a 300 al,’ 
long neck, 1:Jeldahl flask ClaIRped at an angle of approximately ZOOe ’TWO‘$ 
ml of fuming riitric acid are added slowly, (la ml for caroass), After’ . 

the violerlt actio11 hnS ceased, the flasL is heated gently until practi- 
’ 

cfllly of the liquid is driven off, The residue is allowed to 0001. 
several lninutes and 1 ml of suproxol slowly added. 

the contents are again brought to near dryness, The nitria 
[rnd peroxide treatlnerlts are alternated until a white or light gay 

residue is obtained. 
plete ashing. 
in these cases the technician must rely on experience to tell if the 
ashing process is complete, 

The completely ashed saiiiple is treated with 1 ml of concentrated nitrio 
acid, cariaed for a few ainutes and diluted viith 5 a1 of 0,l M nitrio 
acid, The sarnple usually dissolves completely with a~itation, The 
solution is transferred into a 100 ml volumetric flask, TheBjeldahl 
flas:< is washed with three 3 ml portions of dol M nitrlo auid, The -- 
washingY are added to the volumetric flask, After cooling, the 801~- 
tion is diluted to the 111artt with water. The analytical procedure to, 
be used to assay these solutions depends on the amount of plutonfm 
presento c 

In the case of uouse carcasses, the specimen should be divided in order 
to introduce them into the Kjeldahl flask. The specimen is treated 
with 13 ml of fuming nitric acid which ienites them, The tissues burn’:.. 
vlgsrously, However, no loss of plutonium has been experienoed at this, 
point, V.-hen the violent reaction has ceased, tho sample is treated. as i* - 
are the othez tissues. However, 19 ml of acid and 3 ml of super 
Eire used, instecd of the smaller voluules llsted above,, For cap 
ashing as many as 10 acid-per-oxide. breatments mciy be required, 

The procedure as outlined will vark satisfactorily for 935p of tli 
tissues, About Sp will contain an insoluble residue which conta 
SOrlle case3, as nuch as 5Op of the plutonium, Speoial treatment 
residue roust be undertaken. This is discussed below, 

Rat carcasses inay be asried by this yrocedure’but considerable am0 
of reagents are recjulred. 

have not been found to interfere with a plutonium precipitation. .... 

bY-‘ %, 

Lhen the action haa’ 

* 

Some residues, mainly from liver tissue, are rust colored; 
A black OPT dark colored residue indiuates lmcom- 

. 

.1 .., 

OD 

c.3 

a 
a A combination wet- and dry-ashfng pro 
-r- - vIhich be discussed later, is iuore satisfactory, 

-J Be Deterikination of Plutonium. The method to be used to deposi 
tonium on 8 plate in order that an alpha count may be mde la de 
on the concentration of the ash nrld of plutonim. In the case o 
tissues, exclu.ding the carcass, the solutions contain very little ash 

CO 

nd high Oollcentrations of plutonium, 
ire*t lanthanum fluoride precipitation froman diquot of the aolution 

This yould allovv for either a 

-- ,.>. -=- 
,-- ,. 
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or direct counting of a 1 ml or less aliquot evaporated on a oounting 

Direct aountina of aliciuot. This teohnique oonsists of transferring. 
1 or less of the nitria acid solution of the tissue ash to a plati- 
num diso, evaporating slohly under an infra-red lamp, flaning in a gas 
flane and oounting, TO obtain the maximum yield, the sanple must not 
leave too large a solid residue, nor must it contein gaseous reagents 
which eivo rise to bubbling klith COnSeqient partial loss. 
venience this prooeduro has been used bo assay mouse tissues whose ash 
solutions ooatained 500 or more alpha counts per minute per ml, 

~'preliminary test indioated that the method W~S reliable, 
dol ml and 1 ral of the seme solution were counted. 
in Table I- 

disco 

+ ' 

For con- 

/ 

In the test 
The data are given 

Table I. 

sample Composition Volume Cts./min, 
of Solution 

1. Ashed Femur 1/1000 326 

1 Ashed Femur 1/100 5335 . 
2 Ashed Liver l/lWO 

2 Ashed Livor ' 1/100 

E "< - 21 
ide precipitation, Plutonium in the (In) and !;:$;- 
is readily cowecipitated as the fluoride with _, '6 

lmthnnum fluoride, 
to directly count an aliquot of the fish solution and 
warrant an intermediate extraction step, a lcnthmum 
tation to separate plutonium from the other inorganic ooristi 
the ash solution mrw be used,, The concentration of calcium 
solutions of ashed irlouse or rut tissues is lob- enough to pe 
much as 25p of the solution to bo assayed, bhere the entir 

a3 of the ash is used, calcium fluoT3.de causes R heavy deposit 
a counting disos md absorption errors result;. The gGneral out 

the procedure follows. 

An aliquot of the nitric acid solution of the tissue ash is 
25 ml with O>k M nitric acid in a a0 ml. tapered pyrex centri 
and treated with 2 ml of a saturated solution of sulfur diox 
solution Is agitated and allovied to stnrid 30 minutes for the 

o the lower valence states. Ten ml of 3 M nit 
1 mg of lauthanwn (1 a1 solutieu, oontaining 1 

Were the concentration of plutonium is too low 

a' 
co 
I 
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is stirred in. 
The solution is agitatsd for several minutes and the lanthanum fluoride 
precipieate, which Is not alvljays visible, is oentrifuged at 2000 RPM *' ' 

for five minutes, 
transferred to a platinum disc, dried, flamed and counted. 
pitute is transferred by :ueans of a micro-pipette after slurring with 
a fev; drops Of dilute nitrio acid, 

This procedure gives an average recovery of 83% of the plutonium on 
analysis of several hundred tissues. 
technicians are given in Tabb XI, 

TO this solution is added 5 ml of hydrofluorio aoid. 

The supernate is discarded and the preoipitate 
The preo 

Sone of the data for Various 

Table 11, 

-thanurn Fluoride Carrying of Plutonium 
fr90 Mixad Tissue Solutions. 

Technician ~a+3 oom0 Trlal Plutonium '$ 

Hecovery , 

a* 

I. 

.. 

1 mg/40 mi 1 
1 mg/40 ml 

A 1 mg/lO ml 
R 1 mg/lO xu1 2 
B 1 mg/40 mL 1 
€3 . 1 mg/40 rab 
B 1 ma 
B 1 mg/lO ml 1. 
B 1 mg/lO mb 2 
B 1 mg/;tc a1 3 

2 
1 

A 
A 

2 
3 

As was pointed out, when the conoentrotion of sblts becomes too 
veiny lnconsistnntr result3 are obtained v.hen making a simple lent 
fluoride precipitation, This is illustrated very clearly by the 
sults given in Table IIIe The analyses were on a solution of an 
rat carcass contained in 230 ml of 0,2 M nitric acid, 

, 

. -= 



Carrying Of Plutonium by Lanthanu Fluoride from an 
Hshed Hat Carcass Solution, 

solution Find Volume ~a+3 used , Plutonium . 

Recovery 

Rat Carcass 
Rat Carcass 
Rat Carcass 
Rot Caroass 
Rat Carcass 
Rat Carcass 
Rat Carcass 
Rat Carcass 
Rat Carcass 
Rat Carcass 

46hl 
40 ml 
40 a1 
10 a1 
10 ml 
10 ml 
40. ml 
40 ml 
10 rnl 
10 ml 

The results in Table 111 are rather Lnisleading in taat it appears that 
higher lanthanum eoncentrations carry less plutonium, The actual OaSe 
is that a larger residue is obtained on the counting diso probably due ‘ 

to the higher ratio of calciuru to lanthanum and therefore absorption 
during counting 5s responsible for t$c reduced recoveryo 
some solution was diluted four-fold to render the ash content negli- .-; 
gible arid assayed for plutonium hy coprecipitation v.ith lanthanum 

%hen thia 

I 

’4 

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

A* * 

I 3 \&; 

.* .c 
Table IV, 

F; 

c. *’ 

.* Carrying of Plutonium by Lanthanum Fluoride from 
Diluted Ash Rat Carcass Solutions * .. 

Solution Final Vol~oe 

Rat Carcass 40 ml 1 mg. 
Rat Sarcass 40 ml 1. mg. 
Hat Carcass 40 ml 1 mg. 
Rat Garcasa 10 ml 1 mg, 
Hat Carcass , 10 ml 1 mg, 
Hat Carcass 10 ml 1 mg. 
Rat. Caroase 10 ml 1 mg, 



The colleoted drita on tile lanthanum fluoride 
sllggest; that it is quite satisfactory for uost tissues with'low ash 
oontent,, 

.a dcoreased yield, primarily due to absorption of the alpha pmticlea 
durine corntingo 

R, D. Finkle(l) describes a method for assaying tissues for plutodium r' 

as follows: 

WDry ashing of soft tissues: 
of .ppropriate size, held away Proro contact with the glass by a filter 
p;jper oone. They &re dried at 100°C for lb hours, and at 200°C for 
24 hours, and finally ashod at mU0C for 48 hours, 

of the tissue with the &ms until it is thoroughly dried. The ash 
usually contains a small urnount 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 exaotw 
the same mannero" \ 

Hcopreclpitation of Plutonium: The tissue ash from the dry ash method' 
is dissolved in 2 M nitric acid aontaining 0,a N hydroxylamine to a0 
ash concentration of ZU mg per ml, the average ash content of eaoh 
tissue being previously determined, In cases where there is lesa than 
dl mg of ash, the ash is dissolved in 2 - 3 ml of the aold, 
aliquot of the SolUUon, including a suspension of any insoluble matter 
which is present, is transferred to a 1ml centrifuge tube, It is . 
treated with Ooa mg of lanthanum as lanthanum nitrate, made 2 N 5.n. 
hydrofluoric acid, stirred chrefully 1.ith n small platinum rod 8116 
centrifuged at 2000 HPhl for 3 minutes. The sides of the tube are 
washed down by stirring the supernatant v,ithout disturbing the 
pitate and it is finally centrifuged for ten minutes. The super 
is then carefiilly reinoved with a ccpillary pipette, 
transferred to a one inch platinurn disc viith the sme pipette us 
about 20 lambda of L Bil r.itric acid nnd WO lambda of water to' ef 
the transfer. This is evai>orateI to dryness, flmed to redness 
counted, This procedure results in recovery of b7p of the pluto 
in the case of soft tissues, 

rrying of plutonium 

!;'hen the ash content is grenter than 1 mg/ml one oan expeot, . 

*' 

The tissues are plarred In Pyrex beakers , 

The filter paper 
intaat throughout the 200°C treatment thus preventiq contaot . 

A 0,fi m1 

-, 

The residue is's 

I. 

* w .&& 

"In the case of bone at an ash concentration of 20 mg per ml 
there is a sufficiently large precipitation of culcium fluoride to :, 

cause about L6Lp mass absorption, 
ing of bone ash plus the muscle, skin, and connective tissue ash 

hmev&'; 
'<? 

Kat and mouse caroass ash consistd$-k8 
,*,yc 

,. 
causes mass absorption of about ll,Bo & '. t' 

I 

"The method is useful in the nalysis of tissues oontalning pluton 
in a oonoeatration or J. x 10-5 microgramr or ovm per ml: of who" 

>t 
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Another method which has been used to assoy rot d nouse tissues is 
described in detail by H. kbrams and associates This method 
malres use of a double precipitation tihere the plutonium 1s first re- 
:noved from a hip, ash content solution, The complete analytical 
prooedure is as follows. 

"Destruction of organic material: The tissue 80 be ash& is placed 
in a poroelain orucible arid dried at 120 - 140 C for a minimum of 
three days, After drying, the crucible containing the organic resi- 
due is placed in a muffle furnaoe and heated at SOOOC for 23 hours, 
The heatillg is continued fOq, the next 24 hougs at 4UO - 430 C, 
Finally, the temperature is increased to 600 C, and the raaterial asked 
at this temperature for Y6 hours (see uote l), 

- nDlssolution of ash, 
with concentrated nitric acid. 
ficient tine for heating, however, liver requires about fifteen minutes 
The acid is replaced RS it evaporateso To assist its solution the ash 
is scraped from the sides of tile crucible t.ith a glass rod, 
solved ash plus the insoluble residue (see noLe 2) is transferred to 
a 15 a1 graduate centrifuge tuba i:ith the aid of hater from a amall 
wash bottle and of the stirring rod, The crucible is treated a seoond 
time as just described and the hashings combined in the centrifuge 
tube, The total mount of acid used can often be adjusted 80 that 
the aliquot taken for analysis Bill contain just the required amount 
(2 ml 

( $7 

I 

The ash is dissolved by heating on a hot plate 
For most tissues five minutes is sW- 

The dis- 

IC= M nitric acid) . 
"Swplinp, of ash solutlT2. The solution in the oentrlfuge tube Is 
thoroughly stirred and centrifuged isee note 3). 
residue insoluble in nitric acid to collect at the bottom of the tube., 

' 'Aithout disturbing the sediinent an allquote Is removed v.1th a pipette,: 
for analysis, Ordiuarily the volume of' the sedlment is small and oan ' 

be neglected, but if it is large enough its volume can be subtraoted""- 
froa the total volume in determining the aliquot. The aliquot taken, 
should coiitain 2 ml of concentraLed nitric acid and should be trans- 
ferred to a 20 ml, round bottom, lustrofd, centrifuge tubo, Additio 
a1 acid rnw be added if necessary to make up the difference. The';, . 
solution is finally dllu%ed to 14 ml, 

"Precipitation of zirconiwi phosphate, To the solution in the 

8 043 Zrg4/ml of 0,ul M hydrochloric acid (4 mg Zr), 
' thoroughly stirred, Then u.4 a1 of 1-1 phosphoric acid is add 

slotvly vdth thorough agitation (see note 4), 
(nota 5) and the supernate discarded, 

"Washing of_precrpit&. The zirconium phosphate precipitate con- , 

Gaining tLc adsorbed piutouiuu ia Lhoroughly mired with 1 ml o 
phosphoric acid (not0 61, After this, about 14 rnl of the dil 

are added and the precipitate thoroughly washed by stirri 
recipitate oentrifuged out. The supernate disoarded, 

This oause8 %he 

.- troid tube is added 0,5 ml of R zlrconyl chloride solution oont 
The soluti 

The tube is oentrif 

i' ,7*-?? -* 10 x. '. 1. 

/e .0 

d 



WLanthanU Fluoride precipitation, 
precipitate containing the plutonium is added Oo3 m3. of lanthanum 
nitrate solution containing 1 rng ~ao3/~1 of O,O~ M nitrio acid (0,s 
mg ~~63)~ 

is thoroughly stirred, arid the platlnrnn stirring rod washed 
off \,ith 1 a1 or less of water. Now 2 ml of ooncentrated hydrofluo 
acid is added (see note 7), and the Solution thoroughly stirred ad 
the stirring rod washed off v.ith 1 ml or less of water, 

"The tube is centrlf uged and the supernatant solution decant&,, 
the lustroid tube still fn a,vertical, inverted positioa (after the 
liquid has run out) 
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 inverted position 
uti1 the lanthsnum fluoride precipitate containing the plutonium is 
transferred 0 

VfTrnnaf'er of Precipitate to Dlstinum Plate. l'.ith a mzor blade the 
lower half inch of the lustroid tube conbdnlng the lanthanum fluoride 
precipitate is cut Off. 0,Oa ml of 1 M nitrio aoid is added to the 
precipitate and slurried with the tip of a small pyrex pipette made 
from 4 mm tubing. The same pipette (note d) Is used to transfer the 
slurried suspension of liinthanum 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 liquid olovdy evaporates u.ithout steam showing. 
t;hen the liquid Is dry the platinum plate is flmed over a mioroburn 
until bright red. 

"Another OoUa ml of 1 M nitric acid 4s added to the tube end and'the ,.f 
remaining precipitate transferred as described above. The final . 

transfer is inade kith U0uL a1 of 1 M .-.itric acid, 

"After cooling tho platinum plute is cotlted kith colloidon (aee ". 
CH-2190) and counted, The overall yield for the procedure lacludl 
the usual loss in the crucible is tj2LpO7' 

A similar procedure is described by R, D. Finkle") u.here an 8@ 
coverg is reported, 

To tho bashed zirconium phosphate 

, 
Then lor, ml of concentrated riitric acid is added, The ' 

Eith 

half sheet of "i(leenexfr 1s pushed into its open 

"Not e8 : 
__I_ 

"1, The temperature should not be nllou.ed to exceed 600°C as . 

the ash will be likely to fuse into a hard' inass which is difficult %b 
dissolve 0 

* ,y 03 
6 "2, There is nearly always some insoluble residue. F&perhents~'' 
Q 
G3 Plutonium, the average value being lpo 

-9 

have show that this residue ordinarily contdns less than 43~ of the. 

~WO RPM for 10 ninutez, in an International Clinical Centri 

r--- - 
"Yo 

t. It is recoaunended that when large amounts cf plU- 
handled the speed be kept dom to 1900 HRG. 

ai 
-- i 

*' ~ .., z2& 

q '-7 11 T 'f 
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w40 At this point a gelatiROUS precipitate of zirconium phosphate 
forms which curries the plutonium from the solutj.on. 

*ao 
er than 1900 
tubeo 

The luvtroid tubes must not be centrifuged at a speed great- 
tis there is darlger of deforrriiIW the bottom of the 

"tio The phosuhoric aoid solution contains 1.26 ml of oonoentrated 
phosphoric acid per 1UO ml of water. 

"7. The zirconium phosphate precipitate dissolves and a lanthanum 
fluoride preoipitate forms.,, The solution appears clear as the amount 
of lanthanum fluoride is sroall, 

"do The pipette is attached to a 1 cc tuberculin hypodermio 
sj,ringe by a piece of rubber tubing of appropriate sizeom 

2.2 
The previous seation dealt primrily v.ith tissues of high plutonium 
concentrations. Ihever, procedures were also given which could be 
used for intermediate concentrations, that is, tissues containing be- 
tv;een 0,Ua and 1 ruicrowarn of plutonium per gram, 
stated, the reason for mokinc us(: of varied methods is prlmarily a 
tino saving factor, 
quired for lOVi activity tissues, 

Tissues containing less than U,ua inicroeram of plutonium per pjem: 

As was previously 

A3 R rmtter of necessity longer inethods are re- 

A, AshinE. Most of the large tissue speoimens, samples of 2c10 to 
zuo grains, lluy be asiied by the general rnethods us described for small.er 
ones, There arc other i,iethodS v.hich have been bested v:hich might grove 

The sauple, 2uO - 3c)O grams, $8:' 

useful in specific CQS~,P, These am described below, i 

-onium Nitrate-TJiCric ircid iiiethod, 
placed in a au0 ml long mcIc Kjeldahl flas% and lo gram of ~On~Um 

nitrate adaed. Ptienty-five ml of concentrated nitrio acid are addeg 
and the reaction started by heating gently, The reaction continues 
v.ithout further heating, 5heri the reaction subsides, moderate heat 
applied and vigorous boilin& continued until all the acid is removed 
and the residue coupletely carbonized. The flask ts strongly heated" 
and after cooling is treated with fuming nitric ucid and peroxidqwps:.4 
previously described i'or rat arid itlouse tissues. The ash is di 
in nitric acid the concentration dcteruined by the analytical 
to be used, 

The use of ammonium nitrate shortens the. ashing time considerabl 
ob gives a readily soluble ash, However, the method is dangerous 
ca violent reactions set in at timeso 
D 

cn, In most of Chc ashine, pmcedures desaribed some insoluble mate 
-&=? . usually Pormeci, 'riiis is most pronounced vdth liver tlssues'as 

Pyrex Or porcelain, This insoluble residtie may or iuay not uon 
Plutonium, l-lobever, it is desirable that it be eliminated if 
Preliminary tests showed that inost of this residue was silica 

t. 3. .- 4, ? 7 12 
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fuming the residue 1,ith perchloric and hydrofluoric acid was performed 
to reiaove this iunterial, 

AshinR of human tissues. 
bone, liver, muscle, eto.) are transferred to an 800 ml Vyoor*glasa- 

ijcldahl flnsx, The sample, which has been aut into small pieoes, $8 

heated to dryness and trented nith La-30 ml of concentrated nitrlo 
acido The sample is heated gradually until foaming ceaseso -Two more ~ 

ka ml concentrated nitric ~cid treatments are performed, being sure to 
brine to dryness eaoh the. At this point the tissue is usually a . : 
cadpQct charred mass on the bottoa of the flask, 
treated tith 10 ml of fuaing'nitric acid and brought to dryneas, 
.IS next treated with a ail of' superoxol firid heated to boiling; then 
10 
that all the superoxol 1s boiled off before adding the aoid as nitrio 
acid arid peroxide react very violently, One should not be added while 
the other is present, 
quired to give a white hah, In order to prevent reaction of the aU8- 
line residue 1bith the glass, the sainple is mver heated very strongly 
at dryness, 

One hundred to tho hundred grams of tissue -44 

The inass is now 
It 

of fuming nitric acid are added, Care should be taken to see 

A5 many more trehtments are made as are<re- 

y,hen completely ashed, the sample is treated with D ml or superox01 
and heated gently until the residue is coinpletely disintegrateaJ 
Small portions of 6 M nitric acid are added until the residue ire3dis- 
solved, The resulting solutlan is usually cloudy and may even ooataih 
suspended particles, The whole is transferred to a 400 ml platinum , * 

beaker and evaporates to dryness, The residue is treated with 10 ml ' 

of perchloric acid and lij ml of hydrofluoric acid, brought to drynes 
and heated until fuming ceases, It,is now treated ksith 10 al eaoh o 
51; ;f;luoric and nitric acids and the fuming repeated. Finally, the 
residue is taken up in ld ml of nitric acid and again heated to dby- 
ness, lhtenty-five ml of 2 W nitric acid tire added and the sample . A. , 

heahd ut11 coiriplete solution 1s affected. Thc? solution is trahb- 2. ' 

ferrsd to a container for analysis, 

Bo lixtracblon of Plutonium, This section will. deal primarily with. 
meti:r?s xhich hcve been developed to ~'eraove plutonium from the bulk' 
of' the salts conzd.ned ic the solutj.on af the ash, This is nebdm 
for :~~~~:cjuent lanthanurn fluoride precipi tRtion or direct deposi 
09 :onium for counthg. 

Hexone solvent extraction''). The plutonium contained in a 2 M ' 

acid :julution of the tissue ash is precipitated with 40 mg of lant&uwxn~ 
as the fluoride, This precipitate is dissolved with SO ml of' solutpoa:~ 
containing 10 grains of zirconyl nitrate, To the soltition in a a 
tory funnel are added W (gram of aramoniun nitrate. After aolutf 
uql W~W ef potassium permanganate is added, The resulting 'solut 

,t;ci 161 Air aiauLes v.iGh 30 ml or' hexone, The layers are 
.rid the plutoniun is extracted from the hexone with 10 m 

Lrlc acid which Is 0,1 N in hydrogen peroxide, The hexon 

v 
I, - 

is extractd a second time vdth 10 ml of 0,1 N in hydrogen peroxide 
8- . 



fiva ininutes i.:ith loa ml of a 6% aqueous cupferron solution, 
toni*m cupferride aouplex is extracted into a 40 ml Pyrex OentrifUge 

less. 

'?After col,lplete solvent removal on a water bath at 63OC, the resibud' 
is trented with U075 ml of concentrated nitriu acid and heated for . 
Q-lo ainutes on a steam bath before the addition of 0,75ml of 7% 
perchloric acid. 
is gradually raised to lt30°C over a period of one hour, At the end of 
this wet ashing, the fuming solution reduces in volume to 0075 ml of a 

solution is then diluted to 4 ral tdth water and allowed to stand one- 
half' hour after the addition of 2 
chlorj.de solution, 
precipitation of luntharlim fluoride is affected by the addition of 1 ml 
of concsntrated hydrofluoric acid. The tube is ocntrifwed at ZOOO'REM 
for 13 iainutes, the supernatant decanted and the precipitate washed 
once cith 2 ml of U.1 N hydrofluoric acid, The precipitate is trans- 
ferred to a platinM plate in the usual manner for countingow 

No experimental recoveries were given when this procedure was submitted, 
However, tests in this laboratory have shown an average recovery of 

The plu- 

uith 2 ml portions of chloroforru until the last portion is color;. ., , 

. f' 

I 

The tubs is then placed in an oil bath at 130'C whloh 

pale yellovJ color v,hich becornea colorless upon cooling, This 

drops of a 2Op hydroxylamine hydro- 
Forty inicrogrms of lanthanum are added and 

.I better than 80~0 
,: * , 

Zirconium phosphate extraction, This procedure was previously' de- 2 *- 

scribed for small tissues, By increasing the amount of zirconi 
proportionately, larger samples may be assayed, Ouly 1 ng or 1 
num is required to coupletely carry plutonium from u,l grem or 
ium, The yield, as reported by R. Abrmis, when the inethod is appli 
to solutions contairifng very high tissue fish varies from 60 to SOP, 
Most of the loss is encountered in the zirconium preoipitation,& + 

I3PsiilU.th phosphate extraction, The ashed tissue, initially weigh 
2uO - WO grwns, is tiissolved in SO ml of 2 M nitric acid, The 
tonium is reduced by adding 2 ml of a saturated SO2 solution and' 
allovling to stwd hl minutes. 
brought to .--*-75*C on a water bath, 
mechanically, 80-100 mg of bismuth (100 me; Biqnl 10 M nitrio: 

phate to cause immediate precipitation of the bisnuth. 
almost all cases 2 ml of 1-1 phosphoric auid should be added slow 
and the mixture digested while stirring. It is not neoessary t 
phosphoric acid to bone and fecal ash solutions to obtain complet 
oarryine of' the plutonium by the bismuth phosphate even at roam t 

The solution is diluted to 80 ml ah 
Rhile the solution is stirred 

, are added s1ov:ly. Host tissue ash solution contain sufflcient 
Howev&, 

03 ture, 

0 The conditions for corilplete oamying of plutonium by bismuth ph 
co are: (1) the tissue ash solution should not be greater than 1,2,M, In: L* 

nitric acid, (2) the bismuth conuentration should not be lass than *. 

Oa7 mg/ml and (9) the precipitation should not be made rapidly, 
Volumes of ash solutions aa large as 1000 ml may be assayed, Some or 
the experimental data collected in the dovelopmerit of this procedure,' 

0 

e 
-0 

0' 
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is desuribed below, 

(a) 
AS tho acid concentration is increased above 1,2 M, the oarrying or 
plutonium by bismuth phos $hate decreases. 
~~ble V, 
the precipitate foniied in the preserrce of sulfuric acid along with 
oarrying difficulties encountered in other acid media limit the bismuth 
phosphzte extraction to a nitric acid solution, 

Xffect of acidity on the carrying of plutonium by bismuth phosphate. 

This is illustrated in 
The solubility of bismuth phosphate in hydrochloric acid and 

Sgaple of Tissue Con c e&r a t I on Concentration % of Pu 

bismuth 
phosphate 

Ash of HNO3 of Big3/ml carried by 

7 

1 0.1 M 00s mg 99 
2 u,2 M 0.5 mg 94 

4 1,2 M u05 mg 97 
5 196 M 100 mg 86 
6 2,4 M loo mg 61 

3 u,a M Oea mg 96 

(b) Separation of bimuti, and pluLonium. Bismuth phosphate is readily 
soluble in hydrochloric and nitric acid solutions, The bismuth is not ~ 

ppecipitated uheti hydrof'lurd-ic acid is added, This maces it possible 
to coprecipitate pllitonium bith lanthanum fluoride in the presenoe or 
bismuth, Decreasing the acid concentrat Lon, hydrochloric auld below :% 

1 Id and nitric acid below 2 M, cuuse8 excessive coprecipitatlon of ' 

bisrnuth. There is no advantage gained in using low acid conoentrati 
as plutonium is Quantitatively precipituted from solutions of hydro-, 
cmloric acid QS high as 6 M, 

In the procedurs which is used, the bisuuth phosphate precipitate wwch 
contains up to 1 grau of bismuth is dissolved in IC, ml of uonuentrated *'- 

hydrochloric acid 2nd diluted to 30 1n1 v.ith water- One ml of solutl 
contnining 1 lag Lu'3 per a1 is stirred In, Precipitation of the 1-y 
thanum is effected by adding L, ml of hydrofluoric acid. The lanthtxq 
fluoride precipitfite contciining the plutonium is centrifuged out and. 
transferred to a p1:itinum plrite (1. --v'-Z'r iri dirmeter) , dried ,, flam 

The amount of acid used to dissolve the bismuth phosphate is govern 
by the amount of bismuth used in the extraction step, 
ird-me 0,1 gru of bismth is wed, 2 rlll of hydrochloric acid is dilute& 
to D ml rith water after solution of the bisruuth phosphate, 
W of lanthRnum is used to coprecipftato the plutonium froin this volume' 
of solution, 

" 

and counted. %*. r 

.- * 

In the ease 

Only 0,2S 
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The 
tests, is better than Wp, 
in analysis but the tests show an average reoovery of €35ycr, 

Over a loa'' dlmeter diso, this does not cause appreciable absorp 
of the alpha particles, 

Since :nost ashed tissue sarriples are contained in a maximum of 30 ml of 
2 M nitric acid, and u,l grain of bismuth is sufficient tc3 oompletely 
extract the plutonium frOJin the diluted Solution, the final lanthanum 
fluoride precipitation can be made from a maximum volume of 7 ml, 
than 1 mg Of solid is deposited,on the counting dim, 

Yield from this method, obta-ned from several hundred 
Tho liver has given the most difficult 

residue dsposited on the counting diso from 1 gram of bism 
The 

a 1 mg lanthanum precipitation a8 the flubride is 3.4 mg,' 

P 

3 

Lese 

3, is'valuation of Procedures, 

+< 1 AshiDqo 
;ion and v.ith sufficient equipnent a large number of tissues may be 
aroceused simult.aneounly, 
k. D, Finltle both give rise to a small ailout of insoluble residueo 

us&. However, the use of strong nitria acid to dissolve the residue 
leRche3 the pl-utonium fron the insoluble portion and good reooveries 
are possibleo 

';,et ashing, if carefully done, requires frequent supervision and e 
result in a smdl amount of insoluble residue partioularly I 
of liver samples. The insoluble material rnay be eliminated by per- 
chloric trd hydrofluoric acid treatments, The method is rap 
gives rir3.e to a waticr clear solution of the tissue asho 

A coinbination dry and wet ashing procedure is oftimes more us 
in the case of bone or fecal specimens this me+,hod can'be appl 
best advantage, 

332 Extraction: Zirconium phosphate. The study of the omr 
plutonium by zirconium phosphato in various media has indioa 
method to be quite coiuplete. As applied by R. Dm Finkle and 
to nitric acid tissue ash solutions, the carrying is probably aro 
d*p0 Erratic results are obtained from solutions of high ash oon 

Bismuth phosnhate, Over Ytrp of the plutonium is carried by bismut 
phosphate precipitate formed in a tissue ash solution of the 
coTqosition: (1) 002a gram aah/ml, (2) lo2 M nitric aoid and (3) 
BIC'/mle The ash concentration given is that obtainbd from lu0 gr 
of bone dissolved in W ml of solution. Concentrations of 0 
ml have given an average of bQp plutonium recoveryo 

f plutonium and its greater solubility i 

Dry ashing is a method which requires very little at2:tn- 

The methods as described by Re Abrans and 

This is nore pronounced in the case #her8 poroslain cruaibles BTe *- <' ' 

\ t- 
.I 

form, The method is based on Che formation 

formo It has been mainly applied to the analysis of ashsd urine an 



focal speci~nenS~ Little difficulty should be e4.perienced in applying )I+ 

the procedure to high ash content solutions as a prellminary precipi- , 

tation extraction 1s Performed which reduces the ash content somewhat 01 

The method gives better than 9Op recovery of plutonium, 
is not satiSfaOtorily applied $0 a prelimingry lanthanum fluoride pre- 
cipitation as the alpha activity in the lanthonuo follows the plutonlum, 

Bowever, 'it 

Hexone, 
Tlutonium has pointed out that 70-43Q2 of the plutonium is extracted 
from a lanthanum fluoride precipitate dissolved with zirconyl nitrate, 
but the insthod is of lititle value in assaying samples of low plutonium 
concentrations. The lanthanum and zirconium contain considerable alpha 
activity which is also extrucG'4 by the hexone, 

Thiophenyltrifluoacetoae (T,T,A,). 
precipitation of plutoniu with lanthanum fluoride, 
nun fluoride analysis of the spike solution, the method gives a average 
recovery of B9p, as reported by Ke G. Scott, froa 5 grams of rat ash, 
smaller ash concentrations give better than 9Sp recoverieso It would 
appear that the extraction is yuantitativc and that lower than 9S.p 

recoveries are primarily due to the lanthanum fluoride carrying, 
tests in this laboratory have shown that some alpha activity associated 
with the lanthanum is extracted, careful selection of the lanthanum 
smples can avoid this difficulty. 

K, C. Scott, who has made use of tiiis material to extract 

preliminary 
This rnethod also makes use of a/ 

Based on a lmtha- 

Though 

one of the most attractive features in the T.T.A, method is that the 
plutonium is extracted into u benzene solution free of other inorganic ' 

materials, This solution containing, the plutonium can be evaporated . 

s directly and counted after flui;ling off the mall organic residue, 
= -Y 

4, Sumary, 

Three methods are described by which tissues nay be ashed s- for-,, 
analysis for plutonlm, (1) Viet ashine, v.it,h nitric acid and hydrogen";- 
peroxide, (2) R combination nitric acid wet __ ashing and dry ashing prp-"' 
cedure and (3) a dry ashing procedureo Lach procedure is described w.?s: 
connection v,itb the plutonium extraction procedure applied, 

Five general rnethods for entracting plutsniim frou solutions of hi 
salt content. The solvent extraction prouedures, (1) cupferron-+ 
chloroform, (2) hexone and (3) T.ToAo, all make use of a prelimln 
prscipitation procedure. The zirconium phosphate and bismuth p 
precipitation extraction procedures are adopted directly to the ti 
ash solution, 

All the analytical methods described v,ith the exception of the T 
Method are dependent upon a final precipitation of plutonium wit 
lanthanum fluoride, 

- 
. 

.- 
e:<?- 



B ibli oar aphy 

1, Finkle, R, Do: Project memo to 5. R. Russell; MUC-gSC-G74, 
Noveuber 1Y45, \< 

\G 1 

2, Abras, Ro: Projeot mamo to iC. R. Russell; MUC-KSC-576, NovBmber, .': 1. t 

1943, 

a. Scott, K, G,: Private communication, October, 194~~ 

4, Conan, G. A,: Memo, G, E. Boyd to b. C. Johnson, CL-GEB-27; 
Project Reports CK-1106; Ibid CK-2234, 

Bibliography of Memoranda issued on Tissue Aoalysis, 

'B 
6, Maroh, 1Y4s0 laalysis of Human Tissues: MUC-HG-1004, p 'I 7, 

.* 
7, July, 194a0 Researoh on Plutonium Analysis of Tissues; 

MUC-ERR-118: Me D. Taylor, .;?, ' 
V' 

8, March, 1943, A Prbposed Procedure for Ashing Tissues; 
MUG-3RR-63; nit. D. Taylor, 

4 

cr 

/ 

. 


	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

