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1. Introdusticm

In the early phases of the Projeoct it was essential for the development
of a plutoniun (Pu) extraction process that anelytical procedures be devissd
vhereby tracer quantities of this elepent could be deternmined with a felxr degres
of asccuracy. As the various processes ware being investigated, it becams apparest
that no ono anslytical precedure was suiteble for the various plutonfum-caatainirng
solutlons. Usuxlly the £imal step in each nethod involved a co-precipitation of
plutoniun with lanthanum flw ~ide. The anoult Af lanthanum required to carry
plutonim quantitatively fron up to 50 pl of solution was sufficlenily small thai
when spread over a one inch dlenster platimum plate less than ons per cent absorpilon
of the slphn particles from tracer anounts of plutoniun was observed.

ILikewise, a similav expericnce wos encountered by investigators in the Health
Division vhen it became nocessary to datermine quantitatively ths amounts of pluteniw
in vorious biological sposinmans, ILittls difficulty wns encountered in applying
tho proviously developed aralytical procedurss where relatively lerge arounts
of pintoaium were hardled. Simnle ashing of the organic notter, disselvinz the ash
cad counling an aliquot of the solution cfter cvrporation on e platinum piate was
feasinls,. . Vhere the residue on the plate gr-e riss to mass absoypiion of the
a2lpha porticies e simple co- recipitetion of the plutoriuvn witk Janthorus flv-ddo
reduced the absorption of the alpha particles to nogliilble pereanteges. COver 200
| apdmn) gpscimens, including tissues, foces, and wrine, have beoan successfully
gssayed in the above mannar,

Such a simple procedure is not aprlicable o an acowrato anolysis of
biological matorisls containing ninute quantitiss of plutonlum, of ths oxder of

J6
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10~ nicrozrems per gram of ash. 4 sultoble cnalytical method involves the
prelininary seperetion of the plutoniun from the organic materinl or the ashed
residus,

Yart I of this series of thres papers deals with the developrmant of pethois
for the quantitaetive dstermimation of plutoniun in wins., Sincs methods applicable
to the detormimation of mimute quantitics of plutoniun are usually aprlicable
in deterninntions of larger amounte, the reverse not elways being trus, the methods
dscussed hare will take these facts into conafderition,

An accurate method far detorm.nipg the plutonium in wrine sexrves many
purposes, apong which cre (1) estimation of the rate of urinary plutonium ex=reticn
fran aninnlg or mans after parenteral intole of a known quantityr of the element
and (2) o means of checking the enounts in the bodies of individusls woridrg with,
or in, arces contaminnted by plutoniun,

The following dlsecussion will include c description and an cwoluction of ths
throee genercl analytieal procsdures employcd ecm the Projoet for tho devection of
plutaniun in humans, It is emphasized thet ticse methods aore not limited In application

to himsa urines,
2. Adsopption

The efficacy of cation exxihnnse as a peans of extracting, decontaninating,
and cobceatrating plutonim fron large volumws of solution has recsived ampls
dononstration., 1,2 DBscauss the detarminction of Pu from urine was a sinilisr
problen, it was felt that en analogous adsorption procedure could be applied, An

exbensive imvestigetion of cptimm conditions vas nmade by E.R. THussell ond cc-worlese.,

AT
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In this report a detailed description of much of the preilimimnyy work is
omittod, and only the most reccently developod flowsheol is presented, A chord
discusaion of the use of an enion exchanger is also inciuded,

Very briefly, the adso >tion process for detormining plutoniun in wrine
consista of passing a liter of acidified urine through an adsorption column 3
of Aoberlite cation exchnnge resin, IR-1, and eluting thc adsorbed Pu with 7 I ECI,
The solution of Pu in the 7 LI HCl is evaparated to nsar dryness to remove the bulk
of the acid and then diluted with water, This aqueous solution of Pu is pussed
through & secord column of adsorbent. This second colurm contains only abeut 1/16
by weight as nuch resin os is present in the first column. The adsorbed Pu is
clited with 7 1 ECL ond is contained 4n a total volms of 60 ml, This solution is
evaporated and mounted dircetly on e large platimm disc, The deposited plutenium
is detornined by counting the alpha activity. The advantages elaimed for the
colunn nethod are:

1. Lo preparation of tho urine is necsssary. When received, the wrine is
acidified,

2. To carrier such as IoF3 or BiF0,, for example, is used at any tine,

3. The operation my be interrupted at any stage desired.

4. Ope technicion con rur sevaral samples simultaneously.

5. The equipment and adsorbent, vhen once saet-up, is used repeate'.ﬂy..

2.1 Theory. The chenistry inmvolved in the cxtraction of plubtonium by &
cation avchanger is given in the projoct literature?, as well as & discussion
and description of the applications of column adsorption processes to anclytienl
chemistry. The preparetion and proparties of ion exchengars is discussed e'mewhea:e.s
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Essentially, the cction ewshnnge reactions follow the lavw of mess action
A given reaction, then, can e made to proceed in any direction merely by cltering
the relative concantration of the recctants and products. In the adsorpiion process
for extracting and subsequently cluting plutonium from urine, the principle recction
for both the adsorption and desorption steps ist

The symbol, R, represents the nop=-diffuszible anionic part of the cation exchanger.,

Tho cdsorption of the plutoniwn is mde frem urine 0.1 K in hydrochlaric acid,
vhile the desoarption is carried ocut with 7 N hydrochloric acdd,

2,2 Exparipental: Leterials and Apperatus. Aoberlite resin IR-1 is
employed in the first column adsorption step becouse of its high capacity, though
IR-100 can be substituted if desired.? In the second colurm stop a pore insoluble
resin, IR-100H, is employed because it serves to reduce the amount of solid
mtter associated with tho plutonium,

The glaoss columms are set up in tho usunl pamnar,> Glass wool, whan carefully
inserted, serves as a satisfactory suppart for the resin bed. A straight glase
stopcock is used to regulate the flow rates, A two liter loveling bottls serves
as a storgge tank in Step I, while a 500 nl size suffices for Step II., Setisfactory
flou rates are provided by the water pressurc produced by elovating the leveling
bottles two feat above the resin bed,

It 4s assunod that colurm operations3 such os backwashing, otc. are
faril4nr to tho reader. _

large plut.imnﬁ discs. 4.5=5 cn in diencter are ermployed for counting, Flaming

. 00009uq



of the discs before counting is importont in reducing self-edsorption of the

alpha radiations.

in counting efficiency.

2,3 Discussion of Procodure. Tho accompanying £low shecet provides cll

the details of the operations involved in tiwe amalysis of liter quantities of urine

for plutonium., It is well to enmmerate the {unction sarved by the different solu-
tions employed.

1.

3.

The acidificotion of the urine prevents the precipitation of calcium
s2lts, kseps the ru in ionic form, ond breaks up any unadsorboble
compleves that plutoniun mey forn with urinary coanstitutents,

The 0,4 HCl removes some adsorbed orgenic matter as well es caleium
and other cations.

The 7 U HC1 serves to elute the Pu quantitatively and in a smell
volume,

The 95 per cent aleohol also regovee remaining orgonic mtter. This
step was introduced by Schubert® when it was found thst the adsocrption
of Pu fron liter quantities of wrino Lopt decreasing, i.e. the treak-
throuzh polnt was quite arratdc and as much as 35 per cent of the Pu
would be lost. It was prosupposed thot aleohol soluble orgenic motter
coated the resin porticles so that tho cdsarption of Pu wee hindeved.
The alcohkol wosh was found to prevent the promture hreskthrough of
plutoniunm,

2,4 PResults, The adsorption pethod 25 it nov stands gives overall con-—

nistent recoveries averaging about 85 por cant of plutonium present in urine.

Thus, four cansecutive runs gove recoveries of 85, 75, 90, and &1 per cent

reopectively. No effect of plutoniwm concontzatior on recovery wes noted.

2.5 Effect of Acids and Urinory Congtitusnts on Plutonlim Adsorpticn.
Bocause the concentratlon of substances such as albunin and uree vhich normally

appear in urine is quite varlable, it was desirabls to ascertain their effect on

plutoniun adsarption,

000635u - -
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Flow Sheet for the Determination of Plutonium 4n Human Urins by Columm Adsorption

A
UUU L 01 urins

1500 ol 1000 ol 500 Ho0 1500 ol | 100 m1 -
\di 12,5 Ee c:x;c. 2.4 1i BC1 ‘7.311/1 HC1' ash T 953 " 326
, dilu 20-25 4 nl/min 75 nl/oin ,alcouol 2 ;
51500 nl. Flow nl/mn - ; nd (techmical 5 m/uia
8 ml/min | L@mk) :
| cons::‘tin 'of 'f ,'{
i. «..am Adsorption ! (; gms of R .
Step : nesla dianerer y
c hﬁs tum 25 m ; :4
/ } ':\
- E// N\
Ylagte - '?aate polloot “laste y flaste
IDiscard !Discare “irst 500 : Digcard Discard Discard
v , Al in liter &um be
EJ-J‘:PII a 3%Z Pu | peaker, i 1% Pu ecoverod E
i ! Discard P . by afstil~
p § balases ! {ation l
1, Evapcrate om hol plate to moist ¢ :yncss,
2, fUhils on hot plat adl sufficient l:i H03 to cover residuo azd evaporete,
30 Repeﬂ.t atep 2
4e Allow to cool. Add 20 ml 1:1 HIOC, and evaporate to drymess. Allow to cool,
5. Add 10 ml 1:1 BNO3 and evaporate %o poist drymess.
6. Dilute to 400 ml with distillad watar. Add 1 ml concentweted HC1.
7. Pass through second columm,
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Albuwin

The presence of up to 2 grams of albumin per liter of wrine kes no observuble
offect.

Urca

In the range of concentrations studied, 0-4.0 grams of urea per 130 nl of
urine, no effect on Pu adsorption was noted.

£¢idp

The equilibrium adsorption of plutonium by B~} from wrine acidified with
cach of the following acids was studied: acedic, sulfuric, hydrochloric and
nitric in concentrations rarging frem 0.1 & to 1.0 B, The maximm adsorption
woee obtelined when the solutions were 0,1-0.2 I in ecid. Higher coacentrations of
acids caused a marked decrease in plutonium adsorption.

Solutions of wrine having no added acid showed low adsorpticn., In this
case, es with acetic acid, the low edsorpiion is probably due Lo tho formsiion
of complex icas with plutonivm by the acotate lom and the orgsnic salis present
in urine. These complexes are hroken dowr vwhon the urine is acidified with e
mireral »cid,

Sodiun chloride

Cozcentrations of NaCl up to 1.2 per comt do not reducse the adoorption of
plutonitnm,

2.6 The Use of Anion Exchongers for Determinins Pu in Urine® A mivimm of
0.5 pran of the anion exchungar, IR-4, in the BCl form, to 100 ml of wrino has
been used to extract plutopium. Genorally, about 10 graps of IE-4 {42«50 meeh)

wes shaken until equilibriuvnm adsorption of piutonium was reached (mininmwm of 2 hours).

[ o}
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Following the sheking, the urine was decasted and the resin washed into a medium
pore sized fritted gluss funnel. The adsorbed Pu was romoved by allowing 6 N BC1
{~ 30 nl) to percolats tkrough the recin comtained on the frittod glass. Fineily,
the resin was washed with distilled water end sucked dry. The plutonium ir the
eluant was determined by the usual leFj3 precipitation, Experixwits have shoyn
that materinl dissolved from the resin does not interfere with the IaF3 method

Zor the agsay of plutonium,

Acetic acid in concentrations up to 0.6 I and oxalic acid in concantraticna
as high as 0,8 seem to have 1little effect o - the _dsorption of Pu by IB-4.
liydrochloric acid in concentrations above 0.7 U reduces the adsorptiaon considerably.,

Waile recoveries as hig: as 95 per coni have been achieved; results on the
whole heve been emw:tic, Ome <f the chief diawbacks has been the variable
results obtained with different batches of urins. For unde%¢rmined rezsons
different urins samples would so effect the adsorptiaon of Pu by iR«4, that
recoveries somotimes dropped as low as 40 por cent. It seems apperent that
the enion exchange method is adversely effectsd by changes in the concertratian
of urinary constituents.

3. Solvent Extraction
The extraction of plutoniun from aqusous solutions into orgenic solvents
has beon accomplished by the saltdng oul of incrganic compounds of plutonium such
£s in the case of ether? ard hexene® extractlions and by the farmtion of orzanic
comploxes of plutcnium which are more highly soluble in orgenic solvents. The
plutonium complex of cupferrci is very highly soluble iu chleroforn? and the

plutcnium complex of thiophenyltriflucrcacstone is very highly soluble in benzenell.
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Siecs all of Uaese organic solvents are only glightly soluble in aqueous sojutieas,
1t should be possible to deviss an extraction procedure to remove plutonium from
urine or a solution of the ash,

The extraction of plutonium from matwal urine by any of the above solvents
is irhnibited by the presence of fat soluble materials. ZIErratic results have
always boen obtained. As a necessary factor, them, the orgonic constituents of
urine wmust be complotely destroyed or a preliminary precipliation porformed
vnich would separate the pivtonium from the urine., Both of these procedures are
used in the methods described in this sectien.
3.1 Cupfegronechlorcforn Prgcedure 10, A 50 ml aliquot of an eshed urine solution
is adjusted to a pH betwese 0.4 and 0.7 using methyl violet indicator, One ml of
20 per cent hydroxylamine hydrochloride is edded. The soluiion is heated
urder & lomp fo- about two bours to facilitate the roduction of plutonium. The
£E is resdqjusted using the sems indicotor. Twenty-five nl of 10 por cent oxrlic
&c)d are added after 0.1 gram of calclum has been stirred in., The procipiizte
18 conlrifuged out and weoshed once with cune per cant oxalic acld. Aboub 10 nd
¢f fualng nitric 2cid are acdded to the precipitate and the solution talan to
dryness under an infra red lemp. The residuc is dissolved im 25 ml of 2 H
bydrochloric acid and transforred to a 125 ml separstory fumnel, Five drops of
20 per cauat hydroxylamine hydrochloride end ons ml. of iron are adéed. The ecidity
is edjusted so that o byight pgrecn color is obhained with methyl violet indicetor.
ilber 0lloging e half howr for roGuction of plutonium, 2bout ons ml of a 6 per cent
aquccus coiution of cupferron is added., Four or five exiractions using sbout 2 nl

of chioroform for ench extraction are carricd out. Thc chloroforz plisses are

-~ 00600954 -



collected in & 40 rl centrifuge cons. The cone is placed in a hot water beth to
evaporate the chlorofarm. Onc ml of concentrated nitric acid and one ml of

72 per cent perchloric acid arec added to the residus and the tube placed in an

oil both at 1009C, The temp: sature «f the oil bath is raised to about 180°C

over o period of one hour. At the end of this time about ome ml of a clear
perchloric acid solution remeins. This is diluted to 5 ml with distilled water.

o drops of 20 per cent hydroxylamine solution are added and the solution

allowed to stand for one~hnlf howr. Two hurdred micrograms of lanthamm

followed by one=half ml of 27 N hydrofluoric acid are added. The lanthanum fluorich
pr';cipitate is centrifuged out, transferred to a platinmum plate, and counted,

It is necesasary that s preliminary precipitation be made in order to apply
e cupferron-chlorofornm extraction. Since at the pH where plutonium is most
aeffaciently extracted, a portion of the urine ash will precipitate, carrying
plutonium, and thewby cause erratic results. Other preliminmry precipitations,
as lanthanum fiuoride, caleium phosphate, and lanthamm oxalate, have been used
with a fzir degree of success. The adopted method eliminatas the possibility
of alnha contaminction which is usually present in commsrcial lanthenum. The
pethod is reported to give better than 80 per cent recovery.

3.2 Thoohenvitrs fluproacetone Proceduze (T.T.A.YL .  The use of T.T.A.
for forming o complex with plutonium which is very saluble in benzens was
developed by E.G. Scott!? a% Berkeley. The original msthod proposed by Scot
for extractirg plutonium from solutions of blological ash has been altered
slightly to be used as & routine anslytical method for the determination of

plutonium in human urine specimansd3, Tho method is applicable to eny solution

T ~0000355 - —



£rem vhics plutonium can be co-precipitatei with lanthamm fluorids,

The residue obtalned fr = aghing the urinc is dissolved in 100 ml of 2 i
nitric acid which is 0.1 N in hydroxylamine hydrochloride. The solution is
divided batveen two 100 ml centrifuge tubes and 20 mg of lanthanum added to
each. Plutonium is co-precipitated with lanthanum when 10 ml of 12 K hydrofluoric
acid are added to each tubo and stirred. The tubes are allowed to stand for 5 mlnutes
ang thorn centrifuged at 2000 R.P.E. for 5 minutes. The supernate is discarded
and the precipitate washed with 10-20 ml of 1.5 N hydrofluoric acld. The
tubes are centrifuged & socond time and the supermate discerded.

The lznthanum fluorlide procipitates are dissolved in = total of 50 mi of
2.2 Il aluninom pitrate which is 0,2 U in nitric aecid, The solutions are combined
in one tube. The plutonium is brought to the pius fpur oxidaticn state by
2llowving the solution to stsiad 15 minutés after tho addition of 0.25 ml of a 11
per cont codiun nx.rate solution. The solution is then transferred to a 100 ml
separatory fupnel and shaken 10 minutes with 10 ml of 6 per cent sclution of T.T.A.
in bsnzene. ihen the phases havae separatod the vater layer is drawn off and
digearded, The berzens layar is washed {mios with 10-20 nl of weter, The
plutcaivs: is extracted into 10 ml of 3 I nitric ecid and this sclution evaporzted
on 2 platirim counting plote snd the plete counted for elphs particles,

It is possible %o elinminnto the extractiocm into the nitric acid sclution
25 & neglizible emount of solids cre contsined in ths benzene colutiom, “ith
care, this solution can be evaporcted oa 2 large counting plate, Zhe exiraction

step alone a3 described above has besn shown to be approxim:tely 9C per cent

- c00093b



efficient. Tests on the overall procsdure at Chicago ex1nding the final nitrie

acid extraction has shown approximately 80 per cent efficiency.
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- The mothods which ere discussed in this scetion are based on the
principlos of coprecipitation arnd no attempt will be made to distinguish the
type of the process involved.
41 lonthomum Fluoride lsthod: Where the concentration of plutonium in the
uvrine specimen is relatively . igh, the precipitation of 1 mg of lanthamm as
the fluoride from s meximm of 40 ml of solutions will serve as a convenient
and rapid method for determining the plutonium present. iihen the urine 1s made
1.5 ¥ in hydrechloric acid and 2-4 4 in hydrofluoric acid after the addition
of 2 ug of lenthenum, from 85 to 95 per cent of the plutonium is coprecipitated
uith the lanthenum, The resi:de containing the plutonium is spread over e
3 cm diameter platinum plate and negligible absorption of the alpha particles
rasults, In cases where largsr volumes of urine are necessary, excessive amounts
of lanthemm are reguired or when the urine is ashed and dissolved in a small
volume of acid, the coprocipliatior of other icns causes a large deposit on the
courling plate, Accurate coualing of the alpha particles is difficult.
4o Calciur Qyalate lothed., The use of calcium oxalate as e preliminory
precipitotion in the enrlysis of sshed urine for plutepnium was discussed previousl, 0,
.E. Koshiand4 pag adopted the use of this meterinl to the emnlysis of large
volunes of urine for plutonivz., The procedurc is sssentially & coprecipitation
of plutonium with calcium oxalate, followed by oxddation of tho oxalats, a
coprecipitation of the plutonium with lanthanvm hydroxide and a fimal coprecipltatioen
of the plutonium with lanithenum fluorids. The detalls ars given belcw,
Celeium Oxmlate Precivitation. In order to obtain the maximum carrying of

plutaniuwm by calcium oxalate, the tempcrature of the urine should be at 25°C,

0006658 - -
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befare precipitation, and tI.3 urine should be fresh and clear,

To approximately 1500 ml of urine are addedy (a) sufficient hydrochkloric
acid {aboct 15 ml) to reduce the pH to 1.5-2.0, {b) 5 ml of a 3 U calciur nitrate
solution, making the calcium conceatration in the urine about 1 x 10.23.

Wihile the urine is being nmlx:d by a mechanical stirrer, 15 ml of 0.1 oxelic
acid are introduced, aond two to five minutes later the pH is edjusted to
3 cn 2z Beclmnn injustrial model by the addition of concentrated ammonium
hydroxdide. The vigorous stirring is continued for another two to five minutes and
then the precipitate is allowed to digest overnight at room temperature,

As much of the clear supernatant is removed by a pipette as is possible
without disturbing the precinitate, The caiciun oxnlate is slurried in the
remaining 420 to 79 ml of liquid and is transferred to a 100 ml round-bottom
centrifuge tubs. With the aid of a rubber policeman, the beaker is washed
three times with emxll sliquots of distilled water and the washes added to
the original slurry. The combined solutiea is cenirifuged far 1C to 15 minutes
and the supernastant completely removed by suction using a pipstte.

Odidotion of the Oralate. To the calcium oxalate precipitate are added 2 ml of
caoncentroted perchloric acid end the tube heated slightly for seversl minutes
in a weter beth until a clear dark brown sclution is obtainmed. Three ml of &
1 I socdivm bromate are introduced and the solution is oxidized far 50 to 60
mirvutes in a2 toiling water bat.h; The volune of solution is maiptained neerly
constant by the addition of distilled walbcr,

Ianthanm Hviroxide Preginitation. At the end of the oxidation perlod, the

. colorloos golution may be cloar or sliphily cloudy duc to tho high s2lt conceontration,
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While still hot, the solution is f{ransferred to a 15 ml pyrex centrifuge tube
containing 0.6 mg of lanthamm, The 100 nl tube is washed three tinmes with
distilled water and the washes added to the 15 ml tube, Vhen the volume has been
nade up to 12 ml with distilled weter, 3 ml of concentrated ammonium hydroxide
ere added and the solution stirred for several mimutes until the lenthanum hy-
droxide precipitate appecrs., If the precipitate does not come down immediately,
visible flocculation willl occur with additional heating and stirring. Afcer the
lanthanum hydroxide has beer allowed to digest 15 to 20 minutes, the light-brown
flccculent precipitate is centrifuged down, weshed once with dilute ammonium
hydroxide and dissolved in 0,3 ml of concentrated hydrochloric acld.

lepthanunm Fiunoride Pracipitation. The acid solution is diluted to 2-2.5 mi
with distilled water, 0.2 ml of 6 L hydroxylamine hydrochloride is added and

tie solution allowed to stand 10 to 15 minutes for the reduction of plukonium,
The solution is made at least 2 N in hydrofluoric acid and is digested for

5 to 10 minutes with occasional stirring, The lanthamm fluoride precipitate

is centrifuged for 10 minutes, washed once with a solution 1 N in nitric acid
end 1 N in hydrofluoric acid, mounted, and counted.

4.3 DBigmuth Phosphate Motho’., In the dovelopuent of an analytical procedure
far the determination of plutoniuvm in urine it \-ms felt desirable to work

out a metkod whereby ashing of tke urime could be avoided. Though ashing large
wolunes of vrine wos comsidered a drawback in an annlytical procedure, experience
hac teught that there is little time saved in the analysis of a large number of
samples, As a concequence the bismuth phosphate method has boen adapled to
both oshed and unashed urine. Soms of the preliminnry data which have been

ccliected on thess methods along with the details of esch procedure is discussed,
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Apalvsis of Unashed Urine, Preliminnry tests showed that less than 5 per cent
of the plutanium contained 72 urine which in 0,5 M in nitric acid is co-
precipiteted with bismith pnosphate; tho bismuth concentration being 1 nmg per

ml. when the nitric acid concentration was reduced to 0,25 I end using identical
conditions, over 98 per cent of the plutonium is coprecipitated. The tests

were carried out on 30-1000 ml urine specimens containing 7,506 c¢/m of plutenium,
The optimm emount of bismuth for quantitative carrying of plutoniim from urine
0,25 U in nitric acid is shown in Table I,

Table I

Effect of Bismuth Concentration on the Carrying of Plutonium from Urine

Canc. B1°3/m Pr. Relovery
092 mg 207 %
0.2 * 3,1°
0,5 ® 80
.5 ® 20
o, 7" 5
0,7 " a5
0.9 " %

0.9 * 93
1.1° 95
1.1 ®

The data indicate that a minimmm of 0,7 mg Bi*3 per ml should be used, It
is advantageous to use as syall o quantity of bismuth as is feasible as ths
enount of residus contained in the final I~nthamm fluoride precipitate will be
toc high it more thon 1 mg/ml is used.

The main difficulty wiich ws encountersed when liter volimes of urinc were
amalyzed was ths larpe arganic residue obtained when the bismuth phospliaie was
contrifuged down, That this orgamnic residus might not be atiributed to anmy
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specific acid, several cxperimonts were ruo using in different samples 0.25
N pitric acid, 0,25 N sulfuric acid, and 0,1 lf phosphoric acid respectively, The
 least residus was obtained where nitric acid was used. At the suggesztion of
S. Thompson, settling of the bismuth phosphate precipitate followed by
syphoning off the supornatant liquid was tosted. This procedurs proved time
consuming but was quitc satisfactory in elirminnting most of tho orgenic residue.

Tho bismuth phosphate is dissolved in 35 ml of concentrated nitric and the
solution diluted to 1 liter with distilled water. The bismuth is reprecipitated
by adding 1.5 ml of phosphoric ccid while the solution is stirred end digested at
80°C. This step gives o clear bismuth phosphate precipitate apparently free
of organic mteriel. This praocipitate is dissolved in 5 ml of 4~5 1I hydro-
chloric acid and transferred to a 15 nl pyrex centrifuge tube. The container
is washed with an additionz]l 3 m! of acid and the wa.shmgs cdded to the 15 ml
tubo,

To the bismuth solution is added 0.5 mg of lanthamum (1 mg La®*3/ml 0.1 ¥
HC1) and 2 ml of hydrofluoric acid. The solution is stirred, allowed to stend
five minutes and centrifuged, The lanthanum fluoride is fumed with 0,2 ml of
sulfuric and 2 drops of nitric acid. After dilution with 5 ml of distilled
wator, the lontbanum fluaride is reprecipiteted by the additicn of 1 ml of
bydrofluoric acid. The precipitate is mounted on a platimum plate end counted.
Tho rcesults of two runs using 1000 ml of urine spiked with 106 c/m of plutonium

are shown in Tabls II,
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Jossoes in 2 Bisoutt Mhosrhote-Lanthunum Fluoride Procodwre
Step Run 1 Run 2
Yose. Recovery Tnag Recovery
Total supernate
after two BiPO,
precipitations 5.7% 5.9

Supernate after
st laF, 9.7% 2,9%

Supernate after
2wl laFy 2.2% 1.7%

Plutonium Recovered
in final LaFy 87.7% 93.2%

Interial Belance 105 % 1 3

When tests were mde on lsrge volumes of urine containing less than 5 c/m
of plutonium, erratic resulis were obtained., Iavestigation of the method was
diccantinued in favor of the use of the cshed urins.

Analysis cf Aghed Urime. The urine, up tc 1500 rl moy be ashed by cnir convenient
method which lecves e soluble residus. This is usually doens by evaporating thz
cpczimen to dryness after the addition of 100 1l of nitrio acid., Tas repidue
which should never be heste. strengdyr at crymess is taksoa wp 4n 20-25 ni niteic
ocid and again eviporated to dryress, This procedure is repeated uatil a2 clear
white residue is obtained. The residue is saturated with 2 ml of nitric coig,
a2llowod te stand 15«20 misutos and then 35 ml of water edded. A small insoluble
suspension is usually present cnd this is transferred to a 50 ml certrifuge tube
along with the liquid from the ashing vessel. The suspension is centrifuged

dowa and the liquid tranmsferred to & 90 ml pyrex cenwrifvrs tube, The aghine
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conteiner is washed with 3 nl of 5 I niYric acid and the washings transferrsd
to the 50 ml centrifuge tube. The acld is thorougaly mixed with the imsoluble
residue to leach any plutonium possibly adsorbed. The liquid is centrifuged and
combined with that in the 90 ml centrifugs tube.

The solution is diluted to 80 pl and 2 ml of a saturated sulfur dioxide
solution added. The solutisn is allowed to stand 20 minutes fer the reduction
of plutonium and is then heated to 75~80°C on a2 water bath, During the heating
the solution is agitated constantly with 2 mechanical stirrer. One ml of a
biszmuth solutionr, contsiring 0.1 gram Bi’3/m1 10 M nitric acid, is added drop-~
wise, This is followed by the addition of 1 ml of concentrated phosphoric
acid which is added slowly over a period of 3-5 minutes, The mixture is stirred
and digested at the elevated temperature for 1 hour, After this period the
otirring is discontinued and the bisouth phosphate allowed to settle. The
bulk of the supernatant liquid is drawn off and discarded. Centrifugation
pay be used if desired. The precipitate nnd the remining 1-2 ml of solution
are transferred with the aid of distilled water fron a wash bottle to a 15 ml
pyrex conical end ceatrifuge tube, Contrifuge and diseard the supernatant
liquid. The 90 ml centrifuge tube is washed tuice with 2 ml of 6 i hydrochioric
acid and the washings added to the 15 ml centrifuge tube to dissolve the
bismuth phosphate,

The bismuth phosphate solution is diluted to 5 ml and 0.5 ml of lanthemum
solution, (0.5 mg 1a*/ml) edded. Tae solution is stirred with e platimm rod
wkile 0,5 ml of 13-15 N hydrofluoric acid is added. The lerthanun fluoride

is contrifuged dovn and travsferred as previcusly deseribed,
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5 Eva)luation of Methods

The various procedures which were daoscribed previously have been used
by independent groups to determine plutonium ir urine specimens, Due to the
urgency farthe experimental results no.one group was able to undertalks a
thorough comparative study of all the methods. The only attempts made to ewvaluate
a few of the methods were in establishing the most reliable and rapid procedure
to use. In each case the procedure adopted by the group has 5een the one which
thoy were more familiar with. Each procedure has its sdvaentages and
disadvantages and on this basis we will cttempt to discuss each method,

5.1 Adsorption Technique. This method of analyzing natural urine has the
advantage of belng applicable to n2ss annlysis with a minimm of persomnel and
equipment. The most recent results, previously given, indicate that the nmethod
is relisble to the extent of 80 per cant recovery. However, for large

volunca of urins insufficient data bas been collccted for the method to be
rocomended for use without further investigation.

Tis enicn exchange adsorptiion nrocedure is apparently dependent on ﬁhe
cencentration of certain urinory constitucents for efficicnt recoveries, The
utinc uscd in developinz the nsthod, ell from one individual, was of such a
nature thet over 90 per ceal of the plutonium was always recovered, Ithen othor
individuals supplied urine, the rccoveries were erratic, Ths method is not
reconmended for use,

5.2 Cunferron~Chloroform ixtraction Precedure. Considerable informetion has
been obtained on the conditions for exizacting the plutonium cupferride camplex
into chloroform from agueous salt sclutions. In the hands of ap sxperienced

tzchnlcian, the method should prove quite reliable for the dotermination of
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plutonium in ashed. urine samples. The method appears langer than is necesscry
and the cupferror. extrection can be aliminated provided the initial precipitaticn
is alterediy The procedure can be relied upon to give better than 80 per cemt
recovery.

5.3 T.T.A. Extraction Procequre. This method has not boen widsly used, tut
there are several unique featuros which make it eppear attractive, The final
deposit on the counting plats contains very little solid and therafore nzss
absorption of the alphs particles is at a m*nimﬂﬁa Recovery of the plutorium
in practically 211 tests have been above 80 per cent with the majority of the
rosults being above 88 por cent. The only objcction vhich might te rafsed

is the panner in which the jlutonium is mounted. The cvaporation of 10 wl of
nitric acid solution on & smnll flat plate is quite tedious cad 4ime consumingz.,
Houever, a dropping pipette might be comstructed to deliver thc solution to the
plate at the rate it is evaporated acd thereby climinnte this cbjection. The
method is reliable,

5.4 lLonthanes Flurgide Coprecipitation. The amelgsis of urine solutionz or solu-
tions of the ashed urine by coprecipitating plutoniun w{th lanthanuo fluoride is
lirited by (1) the volums of urine, 40 ml in the ccee of noturel urine, end (2)
the salt concentration of the dissolved ash. The method is only reccmuenisd
for use where it is nocessary to rapidly determine plutonium 4n small voiumes

of urine with an accurscy of 80 per cant.

5.5 Calcium Oxalate and Bismuth Phosnbate Coprecipitation Progcedures. Soth of
these methods appear to be satisfactory. The limitations, such as using fresh
urine at 25°C, for the precipitation of calcium oxalate, may be objcctionable

6 it 3e L2ke2ly thet the urine specimens pay be stored bofore velng annlyszed.

Yo reccvery deta hove bean roported for thics method, hovover it is sitsbod that
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good recovery is consistently dbtained, The method apparemtly is useful
where ashing facilities are not available.

The bismuth phosphate method hes been investigoted quite extensively, The
nethod hes been tested under vorious conditions for analyeis of urine for
plutonium, It is not rccomnended for use on unashed urine though a few tests
heve given good results, On ashed urine the method will give consistent

results of 90 per cent or better recovery.
6. Summary

The three gencral techniques, adsorption, seclvent oxtraction, and
coprecipitation, used in the separation of plutonium from undesircble constituents
have been briefly discussed in connection with the apalysis of urine solution
for plutonium, A deteiled outline of each analytical method is given with o

brief discussion of the applicabliity of the method,
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