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1. Introdusiiem

In the early phases of the Projoct it wus essential for the dovelopment
of a plutoniun (Pu) extraction process that anelytical procedures be devissd
vhersby tracer quantities of this clament could be determined with 2 felr degres
of sccuracy. #As the various processes waere belng imveatipated, it becanme apparest
that no ene annlytical precedurs was suitable for the varlons plutonfusr-containing
solutions. Usuzlly the fimal step in ezch nothed invelved a co-precipitation of
platopium with lanthanum fiw ~ide. The anoult ~f lanthanun required to carry
plutonium quantitatively fron up to 50 nl of solution was sufficlently small that
waen spread over a one inch élanster platinum plate less than ans per cont absarptlon
of the alpha particles from trocer amounte of plutonivn wos oheerved.

Iikewise, a 8imtlar cxperionce wos encountared by investigetors in the Health
Division when it beecame nacessary %o daternine quantitatively ths zmounts of plutenive
in vonrious blological sposinens, ILittle difficulty wes encountered in applying
the proviously developed aralytieol procedurss where rolatively lexpe srounts
of plubtoaium ware hardled. Simnmle ashing of the organic moatter, disselving the ach
ond counting an aligquot of the solution after cvoporation on e plotinum plate waos
feasibls, . Mhere the reslduwe on the plate g e rise to mass abecaption of the
alpha porticies a simple co- reclpiiction of the plutorndvn with Ianticrmm {lwcddo
redueed the absorption of the alpha particles to nogliible pereentegen. Over 208
apdna? spocimens, including tiscues, feces, and wrine, have boon auccessfully
gssayed in the above mnnsy,

Sush a slwple procodure 18 not zprlicable o an ccowrsto anolysis of
Blological moterisls conlaining oinvte quaantitiss of plutondum, of tho oider of

Ry
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10" nierograms per gram of ash. A sulteble coelytieal method involves the
prelininary seperetion of the plutoniun from the organic mtoricl or the ashed
Teaidus,

Yart I of this sariss of three popers deals with the devalopnant of psthods
for the quantiraetive doterminstion of plutoniun in urins. Sincs methods applicable
to the detarmimntion of minnte quantities of plutoniun are usually aprlicable
in deteroinntions of lorger amounts, the reverse not elwnys being trus, the mefhods
dscusoed here will take theose facts into conidgritiom,

Anaccmatemethodfwdeton:ﬂ.nipgtha plutonivn in wrine serves many
perposes, emong which are (1) estimntion of the rate of wripary plutoniun ex=retion
fron saninnlg or humans efbar parentersl intele of a kmoum quantityr of the elemant
ond (2) o peans of checking the enounts in the bodies of individumls woridng with,
or in, aross contaminnted by plutoniun,

The following discussion will include & description and an gvuluction of the
three general analytienl procedures employed en the Projoet for the detection of
piutoniun in bumns., It is empbasized thet ticse metheds are not loited In application

to himea urioss,

2. Adsogntion

The afficacy of cation exelwnge ce o neans of extracting, decontaninating,
and cozcentrating plubonimi fron lorgo volumws of solution has recoived aoplo
deponstration. 1,2 Bscouse the detsrminetion of Pu frop uwrine was & siodilar
roblen, it wos fell that an analopous adsorpilon proceduwre could beo applied. An

extansive invsstlpetion of coptimm cenditions was made by ER. Huszedl ond co-wsorlmee,
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In this report & detailed description of much of the preliminmry work is
onittod, and only the most recently developod flowsheot is presented., A chord
discusasion of the use of an enion exchanger is alse inciuded,

Very triefly, tho cdso stdon process for deteroining plutanduwn in urine
consists of possing o liter of acidified urine through an cdsorption column 3
of Acberlite cation exchnnge resin, IR-1, and eluting the adsorbed Pu with 7 I BCI1,
The solution of Pu in the 7 U IK1 is ovoparated to mear drynsss to renove the bullk
of the acid and then diluted with wvater, This aqusous solution of Pu is passed
through a second column of adsorbent. This second column contains only about 1/16
by weight as ouch resin ns is present in the first colmm. Tho adsorbed Pu is
eluted wf‘;.'l'h 7 ¥ BCL and is contained in o totel volune of 60 mi, This solution is
avaporated and mounted diroctly on & large platimm dise, The deposited plutondur
is detornined by counting the slphz mctivity. The advantages eleimed for the
colunn nethod are:

1, Lo preparation of tho urine ic nocessary. When received, the urine is
acidified,

2. To carrier such as IoF3 or BiF0,, for exemple, is used ot any tinme.

3. The operntion mny be interrupted at any stage desired,

4. One techniclon con rur several samples simultanecusly.

5. Tho equipment and edsorbent, vhen once sgb-up, is used repeatedly.l

2.1 Theory. The chenistry imvolved in the oxtraction of plubonium by o
catdon evchanger is given in the projost literature?, as well as o discussion
and deseription of the applications of column adsorption processes to analyticol
chamistry, The preparetion and proparties of ion exchengers ic discussed alaeraheme.s

L
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Espantially, the cctlon exnlvinge resctions follow the lov of mess action b
A given reaction, then, can Le mode to procead in any direction merely by altering
the relative concantration of the recctants and products, In the adsorption process
for extracting apd subsequantly cluting plutoniun from urine, the principiec recction
for both the ndaorption and desorption steps isi

b egm T PuBy © 4 H*
beaorption
Tho symbol, R, ropresents the non-diffusible anlonic part of the cation exchangar,

Tho odserption of the plutoniun is mde from urine 0.1 K in hydrochleric aeid,
uhile the dosorption is carried out vwith 7 N hydrochlorie acid,

2,2 Exparipentat: leterisls and Apparatus. Anberlite reain IR-1 is
erployed in the first column adsorption step bocnuse of its high copacdty, though
TR-100 can be substituted if desired.® In tho second column stop a more ingoluble
resin, IR-100H, is smployed bocause it servea to reduce the omount of solid
mttar associnted wlth tho plutonium,

The gloss colurms are set up in tho usunl pamnar,? Glass wool, when carefully
inserted, servea as a satisfoactory cupport for the resin bed. A straight glasce
stopcock is used to rogulate the flow rates, A two liter leveling bottle serves
us a storope tank in Step I, whilo & 500 nl size suffices for Step II. Sztdsfectory
flouw rates are provided by the water pressurc produced by elovatdng the leweling
bottles {wo feet sbove tho resin bed,

It 1s assumod that colurm oparstions3 guch os backmashing, otc. are
fari4nr to the reader, ‘

large plati:nnﬁ dises. 4.5~5 cn in diencter are erployed for counting, Flanming

. 0000949



of the discs before counting is important in redusing self-edsorption of the
alpha roadiations. Ixporiperis indicote that flaring results in sboub 5 per cemt increase
in counting efficiency,
2.3 Discuszion of Procgiure., The accompanylng {low sheot provides wll
the details of the operations involved in the analysis of liter quantities of urins
for plutonium. It is well to ammerate the (unction sarved hy the differant solne
tions employed.
l, Theacidificoation of the urine prevants the precipitation of caleium
szlts, kseps the tu in lonic form, ond breaks up any umadsorboble
compleves thot pluteniym mey form with urinpary constitutents,

2. Ths 0.4 BCl renoves some sdosczbed orgenic natter as well es caleium
anxd other cations.

3. The 7 U HC1 servea to elute the Pu quantitatively and in & smmll
voluma,

be The%permntdmhnlalsoregovearemﬁ‘ing orgenic mtter. This
step was introduced by Sclmbart® whon it vas found thet the adscxphion
of Pu froo liter gquantities of urino kept decreasing, i.e. the btreak-
through point was quite errotic and as much os 35 per caent of the Py
would be lost, It was prosuppesed thot alechel soluble organic motter
coated the reasin particles so tho!, tho cdsorption of Pu wee hindeved.
The alecohol wash vos founl to prevent the proamture breskithrough of
plutonivm,

2,4 Results, The adsorption pethod 2s it now stands pglves overall con-
aistent recoveries averoging about 85 per cent of plutonium prosent in wrine.
Thus, four consecutive runs pove recoveries of 85, 75, 90, and &1 per cent
roopectively. No effect of plutoriun conconiratior on recovery was noted.

2.5 Effeet of Acidr and Urdnory Constitusats on Plutonimm Adsormticn.
Because the concentration of substancos such s albunin and ures which normnlly
appear in urine is quite variable, it was desiroble %W ascertoin their effect on

plutoniun adserption.
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Fimre I

Flow Sheet for the Determlontion of Plutoninm in lumn Urins by Column Adscrpiicn

A
Ot op urine 4500 1000 ol 500 b0 1500 o1 § 100 mi
xdilz.s 11 Cone. 2.4 G '7.31/11 H2L '  gmsh 4 " I
dilute to 2025 4 0l/min 75 oi/oin alcohol 25 ml/min
2500 i, Flow min i ; (technical nlf
Bats « 8§ nl/min Lgmh) ,
: S } n1/min )
. . !‘ 4' /{
} Co consibtir !of 'f :ﬁ
i. - .um Adsorption |! (jgmsof W1 | . !
Step l : \..0=§0 pesa dianetar z;
' I 1 ‘i
- . o B’/ . . ‘ -\ N L
Ylaste vaste Colloot Taste ., Taste* ! flaste
IDiscard ‘Discare %irst 500 Dipeard = | Diseard Discard
g v . AL in liter ) - be
£ i% Fu E 3% Pu | pookar, \ 1 Pu ecoverod
i ! i)iscard 1 . by distil~ I
2 § ' {balonee § I fation l
1. Evapcrate on hot plate to moist & syneas,
2, Whils on hot plat add cufficient lii Hil03 to cover residus azd sveporate,
3. RBepeat step 2.
4e Allouw to cool, Add 20 ml 1:1 MO, ond evaporate to drymess., Allor to cool,

6. Dilute to 400 ol with distitlisd water.
7. Fass through second column,

~
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Add 10 md 1:1 BHO3 and evaporatce to poist drymess.

Add 1 ol concentreted HCl.



Alvumin
The presence of up to 2 grams of albumin per liter of urine hes no observuble
offect.

Urea

Ip the range of concentrations studied, 0-4.0 grams of urea par 100 nl of

urine, no effect on Pu adsorption was noted.

tsids

The equilibrivm edsorption of plutoniunm by B~} from wrine mcidified with

each of the following acide mas studied: aceiic, sulfuric, hydrochleric and
piteic in concestrations rargng frem 0.1 & to 1,0 B, The mavimm adsorption
vce oblelined vwhen the solutions were 0,1-0.2 B in ecid. Hghor concentrations of
acids caused a marked decrease in plutonium adsorption.

Soluiions of urine having nc added asid showed low adsorption, In this
caga, es vith acetic acid, the low edsorpiion is probably due to tho formstien
of complex ieds with plutonium by the acetate ilon end {he orgsiic salis present
in urins. These complexes are broken down whon the wrdpe is zeidified with e
mireral Leid,

Sodium chloride

Cozcentrations of NaCl up to 1.2 per comt do aot reducs the adoorpiion of
plutonivza,

2.0 The Use of _Anion Exchoneers for Determinina Pu in Urine® A mivimm of
0.5 pram  of the anion exchungar, IB-L, in the HCLl form, to 100 mi of wrind hos
boen used to extrect plutopivm. Genorally, about 10 grams of 1B-4 {42-50 meeh)

wos shakon until equilibriuvn ndsorption of piutonivm was reached {minimmm of 2 hours).



Following the sheldng, the urine wes decaxted and the resin washed into a medium
pore sized fritted gluss furnel, The adsorbed Pu was romoved by allowing 6 N BCl
{~~ 30 nl) %o percolate tkrough the resin contained on the fritted glass. Fineily,
the resin was washed with distilled water end sucknd dry. The plutonium ir the
eluant was determined by the usual 1aFj precipitation, Experfxsis have shoyn
that material dissolved from the resin does not interfere with the ILaF, method

for the aggay of plutanium,

Acotic acid in conceatrations up to 0.6 I and canlic acid in concentraticna
as high as 0.8 seem to have little effest o the —dsorption of Pu by IB-4.
liydrochloric aeld in concentrations above 0.7 K reduces the adsorption considerably,

While recoveries as hig: as 99 per coni have been achieved; results on the
wvhole heve been emv:tic, Ome ~f the chief diawbacks hos been the wariahble
results oblained with different batches of urins. For undehdrmined reasons
different wrins samples would so effeet tho adsorption of Pu by IR, that
recovaries somotimes dropped as loz as 40 por cent., It seems apperent that
the anion exchange mathod is adversely affectsd by changes An the concentration
of urinary constituents.

3. Solvent Extraction
The extraction of plutoniuvn from aqusous solntions into orgenic solvenis
has beon aceomplishad by the eal¥ing oul of incrgaric compounds of plutonium such
cs it the case of ether? and hexone® extractions and by the farmation of orzaaie
comploxes of plutonium which are more hipghly soluble in orgenic solvents. The
plutonium complex of cupferrcn is very highly soluble in chleroforg? and the

slutcnium complex of thiophenyltrifiucrcacetene is very highly soluble $n vemseme™r,
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Sircs all of these organic solvenis are only glightly soluble in aqueocus soluticas,
1% zhould be possible to device an extraction procedure to remove plutonium from
urine or s solution of the ash,

The extraction of plutonium {rom matwal urine by any of the above solvente
is irhibited by the presence of fat soluble materials, IZrratic results have
always boen obtained. As a necassary factor, then, the orgenmic constituents of
urine must be completely degtroyed or a pretimimary precipliation perforned
vhich would separate the pivtorium from {he urine. Both of these procedures ara
used in the methods described in this seeticen.
3.1 Gupferronechlorofomn Prgcedure 10, A 50 ml aliquot of an ecshed urdne solution
is adjusted to a pH betwesn 0.4 and 0,7 using methyl violet indicator, Ome mil of
20 per cent hydroxylanine hyucochlorlde is sdded. The solultfon is heated
urder o lamp foo about two bours to fecilitate the roduction of plutonium. Tho
rH is resdjusted using the same indicetor. Twenty-five nl of 10 per cent oxalic
entd are ocdded after 0.1 granm of colelun has boen stirred ir., The preciplizie
19 conirifuged out and weshed once with cae per cent oxalic aeld. About 10 md
«f Juslng nitric aclid ere sdded to the precipitate and the solution talksn te
dryness under an infra red larmp, The reaiduc is dissolved in 25 ol of 2 M
bydrochloric acid and transforred to o 125 ml separstory fumnel. Five drops of
20 por ceabt hydroxylamine hydrochloride cnd ons ml of iron are adied. The ccldity
is cdjusted so thet = bright precn coler is obbained with methyl violet indicetor.
ilbor elioging e hal® heur for roduction of plutonium, cbout cas ml of & & per cent
aqucous coiution of cupferron is sdded., Four or five exiractlions using about 2 nl

ol chloreform for ench extraction are carricd out, Thc chloroform phsges ave
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collacted in a 40 rl centrifuge coms., Tihe cone 1s placed in & hot wvater bath to
evaporate the chloroform. Onc ml of concentrated nitric acid and coe ml of

72 per cent perchloric acid sre added to the residue and the tube placed 1n an

0il both at 1009C, The temp: sature «f the oil bath is raisaed to about 180°C

over a period of ocow hour. At the.endofthisﬁ.meaboutmemlofaclaar
perchloric acid solution remeins, This is diluted to 5 ml with digtilled water.

Tro drops of 20 per cant hydroxylamine solution are added and the solution

allowed to stand for one=half hour. Two hurdred micrograms of lanthamm

followed by one=~half ml of 27 N hydrofluoric acid are added, The lanthanum fluorich
nrasipitate is centrifuged out, transferred to a platimm plate, and counted,

It is necesasary thal & preliminary precipitatfon be made in order to apply
e cupferron-chlaroform extraction. Since at the pH where plutonium is most
affeciently extracted, a portion of the urine ash will precipitats, carrying
plutonium, apd thexby cause erratic results, Other preliminsry precipitatians,
as lanthamm flunoride, caleium phosphate, and lanthanm, oxalate, have been used
wvith a feir degree of succesa., The adopted method elimimntes the possibility
of alpha contaminction which is usunlly present in commsrcial lanthenum., The
pethod is reported to give better thon 80 per cant recovery,

3.2 Thoohenv!trs flugroacetone Procedume (T.T.A.ML . The use of T.T.8.
for forming n complex with plutomium which is very soluble in banzene wma
developed by E.G. Scottd2 ab Berkeley. The original method proposed by Scott
far extracting plutonium from solutions of blological ash has been altered
slightly to be used as & routine anslytical method for the determinatlon of

plutonium ia humen urine specimonsl?, The mothod 1s applicable te eny solution

T ~0000959 -



frem vhiesh plutonium can be co-precipitated with lapthamun £luoride,

The residue obtalned fr 2 eshing the urinc is dissolved in 100 ml of 2 N
nitric acid which is 0.1 N in hydroxylamine hydrochloride. The solution is
divided batween two 100 ml centrlfuge tubes and 20 mg of lanthamw added to
each. Plutonium is co-precipitated with lanthanum when 10 ml of 12 K hydrofluoric
acid are added to cach tubo and stirred, The tubes are allowed to stand for 5 minutes
and thon cenirifuged at 2000 R.P.E. for 5 minutes. The cupernate is dlscerded
and the precipitate wushed with 10-20 ml of 1.5 N hydrofluoric acid. The
tuboa are centrifuged a second time and the supernmate discerded.

The lenthanum fluoride precipitates are dissolved in = total of 50 mi of
2.2 1§ luminom nitrste which is 0,2 I in nitsie aeid., The solutions are combired
in one tube, The plutonium is brought to the plus fpur oxdéation state by
2llowing the solubion to stead 15 minutés after tho addition of 0.25 md of a 11
per copt codium nx.rate solution. The soluilon is then transferred o a 100 ml
separatory furnel and sha¥en 10 minutes with 10 ml of 6 per cent acluticn of T.T.A.
in bsnzene, When the phases havoe separatod the water layer is drawn off and
digcarded., The benzens layer is washed {miows with 1020 nl of weter, The
plutcaiue: is extracied into 10 ml of 3 I nitric ccid and this solution ewvaporzied
on a piatirum counting plate and the plate counted for slpha particles,

It is possible $o climinsto the extracticn imto the nitric acid soluiion
23 & neglizible emount of solids ore contained in tho benzene colution., MWith
carg, this solution can bo evoporated oa o larga counting plate, ZThe exiraction

step alono a3 described above has besn shown o boe approximataely 90 per cent
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officient. Tests on the overall procsdure at Chicago emInding the fimal nitric

acid extractlon has shown apmroximstoly 80 per cent efficiency.

fHanka {no nlntaniom areaaahl hova civan lamae than 09 afm. awen hansh



- The methods which cre discussed in this scction are based on the
principlos of coprecipitation and no atteaopt wlll be made to dlstingsuish the
type of the process involved.
4ol Jantherum Fluoride Uethod: WWhere the concentration of plutanivm in the
urine specimen is relatively . igh, the precipitation of 1 nmg of lanthanum as
the fluoride from z meviemm of £0 ml of solutlons will serve as a convenient
and ropid method for determining the plutonium present. ihen the urine 1s mde
1.4 X in hydrechlorie zeid and 2-4 M in hydrofluaric ceid after the addition
of 1 g of lanthemm, from 85 to 95 per cent of the plutonium is coprecipitated
with tae lanthenum, The reg: 3o containing the plutanium is spread over 2
3 cn dismeter platinum plete and negligible absorption of the alpba particles
rasults. In cases where larger volumes of wripe are necessary, oxcessive amounts
of lsnthemm are reguired or when the urinme 1s ashed and disgolved in a smali
volume of acld, tho coprociplistion of other lons causes a large deposit on the
counting plate, Accurate counting of the alpha particles is difficult,
Lol Calelyr Oxmrlate lathed. Tho use of calcium oxalate 28 2 prsliminary
pracipitotion In the enrlysis of ashed urine for plutenium was discussed previouslyloo
.5, Koshlandl nag adopted tle nse of this meterinl to the ennlysiz of large
volimes of wrine for plutonivm, The proceduroe is 2ssentially e coprecipitetion
of plutonium with celecfum oxalate, followed by oxidation of the oxalats, &
coprecipiintion of the plutonium with lanthanum hydroxide and a final coprecipltation
of the plutonium with lanthenum {luorids. The detalls arse given belws,
Caleiim Omlate Precivitation. In order to obtain the maximym carrying of

plutanium by calcium oxmlete, the temperature of the urine should be at 259C,
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befare precipitation, and .3 wrine should be fresh and clear.

To approximetely 1500 ml of urine are added; (a) sufficient hydrochloric
acid {about 15 ml) to reduce the pH to 1.5-2,0, {b) 5 ml of & 3 U caleium nitrate
aolution, maldnz the calcium concentration in the urime about 1 x 10-21!.

While the urine is being mlx:d by a mechaniecal stirrer, 15 nl of 0.1 oxzlic
acid are introduced, ond two to five minutes later the pH is adjustod to
3 on & Bockmnn industr4al model by the addition of comcantrated ammonium
hydroxdde, The vigorovs sifrring is continued for another two to five minutes and
then the precipitate is eilowed to digest overnight at room temperasture,

As much of the clear supernntant is removed by a pipette as is possible
without disturbing the precinitate, The caleiun oxalate is slurried in the
remaining 50 to 70 ml of liquid and is transferred to a 100 ml round-bottom
cenitrifuge tube, With the aid of a rubber policeaman, the beaker is washed
three times with smzll sliquots of distilled water and the washes added to
the original slurry. The combined solutien is centrifuged far 10 to 15 minutes
and the supernmatant compleotely removed by suction using & pipstte,

Oxidotion of the Ozalate. To the caleimm oxalate precipitate are added 2 ml of
cancenbtroted perchloric acid snd the tube heated slightly for seversl minutes
in o water beth until a clear dark brown solution is obtained, Three ol of &
1 I scdivm bromate are introduced and the solution is oxidized for 50 to 60
micutes in 2 tolling vmter bath. Tho voluze of solution is mairtained neerly
constant by the addition of distilled swmiber,

Iapthanm Hviroxdde Preginitation. At tho end of the oxdation period, the

. colorlocs golutian may be cloar or siighily cloudy due to tho high colt conconirotion,
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While still hot, the solution is transferred to a 15 ml pyrex centrifugs tubs
contairning 0.6 mg of lanthamm, The )00 nl tube is washed three times with
distilied water and the washes added to the 15 ml tube, Vhen tho volume has been
nade up to 12 ml with distilled wmeter, 3 ml of concentrated smmonium hydroxide
arc added and the solution stirred for several minmutes until the lanthanum hy-
droxide precipitate appecrs. If the precipitate does not come dowm immedictely;
visible flocculstion wlll cccur with additional heating and stirring. After the
lanthapum hydroxide haa beer allowed to digest 15 to 20 mimutes, the 1ight-brown
flccovient precipitate is centrifuged down, weshed once with dilute ammonium
hydroride and dissolved in 0.3 ml of concentrated hydrochlorle acid.

lepthanon Flworide Pracivitation. The acid solutien is diluted to 2-2,5 el
with distilled water, 0.2 ml of 6 M hydroxylamine hydrochloride is added and

the solution allowed to stand 1O 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 occesional stirring., The lonthamm fluoride precipitate

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

l.3 DBisnuth Phosphate Method., In the developuent of arn amalytieal procedure
for the determination of plutopium in urine it ';':as falt desirable to work

out a method whereby ashing of the urino could be avoided. Though ashing large
voluzes of urdine wos comsiderod a dravback in an zpnlytical procedure, exporiencs
has taught that thera is little time saved in the anpalysis of a large number of
samples, 4s a concequencs the blamuth phospbate method has boen adepled to
both nshed and unashed urins., Soms of the preliminnry data whichk havo been

coliected on these methods along with the detoils of esch procedure is discussed.
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Ananlvgls of Unashed Urine., Prelsminnry $ests schowed thot lass than 5 per cent
of the plutonium contained 11 urine which is 0,5 M in nitric ecid is co-
preeipiteted with biammth pnosphate; tho bismuth concentration being 1 mg per

ml. vhen the nitric acid concentyation wes reduced to 0,25 I and using identizzl
conditions, over 98 per cent of the plutonium is coprecipitated. The teosts

vere carried out on 30~1000 ml urine specimens comtaining 7,500 ¢/m of plutanium.
The optimm amount of bismuth for quantitative carrying of plutoniim frem urige
0,25 U in nitric acid i3 shoun in Table I,

Table I

Effect of Bisouth Concentration an the Carrying of Flutonium from Urine

Gone.. Bi*3/m P Relovexy
0.2 mg 2.7 %
0’2 L ql :
g, 0 80
C.ti ¥ 20
0, 7" %5
0,7 " 95
0.9 96
0.9 " 93
l.1°% 95
1.1 " x

The data indicate thet a minimm of 0,7 mg Bi*3 per ml shonld be used, It
is advantepeous to use as snmall o quantity of bdsuuth as is feasible as the
enount of residus contzined in the finsd I~nthapum fluoride precipitate will be
tos high 1t more them 1 mg/ml is used.

The mein difficulty wh'ch wms encouatered when liter volimes of urine were
apalyzed was “tha Iarge organic rosiduo obtained when the bismuth phospliaic was
cantrifuzed down. That this orpenie residus pight not be aliributed %o anmy
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specific acid, several oxperimonts were rup using in different samples 0.25
N nitric acid, 0,25 N suifuric acid, and 0,1 U phosphoric acid respectively, The
~ least resicdus was obtained where nitric acid was used. At the suggesiion of
S, Thompson, settling of the bismuth phosphate precipitate followed by
syphoning off the supormatant liquid s tasted. This procedure proved time
censuming but was quitc satisfactory in eliminnting most of tho orgenic residue.

Tho bisruth phosphate 5 disgolved in 35 ol of concentrated nitric and the
solution diluted to 1 liter with distilled water. The bismith is reprecipitated
by adding 1,5 ml of phosphoric zeid while the solution is atirred and digested atl
808C. This step gives & clear bismuti phosphate precipitate apparently free
of organic materiel., This pracipitate is diasolved in 5 ml of 4~5 I hydro-
chloric acid and transferred to a 15 nl pyrex centrifuge tube, The cantainer
is wvashed with an additionsl 3 m) of acld and the wa:shings cdded to the IS5 mi
tuba,

To the bismuth solution is added 0.5 mg of lanthamm (1 mg Le®*3/m1 0.1
ECl) end 2 ml of hydrofluoric seid. The solution is stirred, allowed to stand
five minutes znd contrifuged, The lanthanum fluoride is fumed with 0,2 ml of
sulfuric and 2 drops of mitri¢ acid. After dilution with $ ml of distilled
wator, the lonthanum fluaride is reprecipiteted by the additicn of 1 ml of
hydrofluveric acid. The precipitate is mounted en a platinum plate and counted,
Tho results of two runs using 1000 ml of urine spiked with 10° ¢/m of plutonium

ara shoun 1n Table IX,
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Jessas in e Bistuth Phosphnte-Lapthnnum Pluoride Procodune
Step Run 1 Run 2
Jost, Recozery Tnag Recoverv
Total supernate
afier twvo BiPQ,
precipitations 5.7% 5.9

Supernate after
st laF, 3. 7% 2.9%

Supernate after
2mi] 1aFy 2.2% 1.7%

Fluteonium Recovered

Entaria) Belence 105 & 1w A

When tests were mede on large volumes of urine coptaining less than 5 ¢/m
of plutopium, erratic resulis wmere oblained. Iavestigation of the method was
diccontinusd in favor of the use of the cshed urine,

Analysis of Aghed Uplne. The urine, up to 1500 rl ooy be ashed by cnir convenlent
mothod which lecves e soluble residun. This is usually dons by eveporating the
spccinen to drymess after the oddition of 100 a?! of nllrio acid, Ta2 repidue
which should never bo hesteu stoengdyr at drymess is toksa wp in 20-25 i pnitele
ocid and again eveporated to dryress, This procedure is repeated ugtil a clear
white residue is obtained. The residue is saturated with 2 ml of nitric zeld,
21loved to stand 15-20 mivutos and then 35 ml of water sdded, A soall inseluble
suspension is usually present ond this is transferred to a 50 ml centrifuge tuba
along with the liquid from the ashing vessel. The suspensiop is ceniriluged

dowa apd the liquid transferred to a2 90 ) pyrex ceniwrifura tube, The sghine
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container is woshed with 3 ol of 5 M nitric acid and the washings transferrsd
to the 50 ml centrifuge tuba., The ecld is thoroughly mixed with the insoluble
residue to leach any plutonium possibly adsorbed. The liquid is centrifuged anmd
combined with that in the 90 nl cantrifuge tube,

The solution is diluted to 80 pl and 2 ml of a saturated sulfur dioxide
solution added. The soluticn is allomed to stand 20 minutes fer the reduction
of plutonium and ia then heated to 75~80°C on & water bath, During the heating
the solution is agitated constently with 2 mechanical stirrer. One nl of a
bismith solutionr, contsiming 0,1 gram Bi*3/ml 10 M nitric acid, is added drop-
vise. This is followed by the addition of 1 ml of concentreted phosphoric
oacid which is added slowly over a period of 3-5 minmutes, The mixture is stirred
and digested et the elewnted tempernture for 1 hour, After this perliod the
atirring is discontinued apd the bisouth phosphate allowed to settle, The
bulk of the swernatant liquid is dracn off and discorded., Centrifugation
pay be used if desired. The precipitate nnd the remfning 1-2 ml of solution
are transferred with the aid of distilled water fron o wash bottle te a 15 ml
pyrex conical end ceatrifuge tube, Contrifuge and discard tite swernstant
liquid. The 90 ml centrifuge tube is woshed 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 phoophate solution ia diluted to 5 ml and 0,5 ml of lonthamum
solution, (0.5 mg Ia*/nl) added. The solution is stirred with & platimm rod
while 0,5 wl of 13-15 N hydrofiuoric aeld is added. The lanthamm fluoride

is contrifuged dovr and transferred as previovsly described,
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5« FPvaluation of Nethods

The various proceduress which were deacribed previously have been usad
by independent groups to determins piutonium 1r urine specimons, Due to the
urgency farthe experimental results no.one group was able to undertols a
thorough comparative study of all the methods. The only attempts made to evaluste
o few of the methods were in establishing the most reliable ard rapid procedure
to use. In each case the procedure adopted by the group has been the one which
thoy were more fnmiliny with. Each procedure has its edvantages and
disadvantages aend on this basis we will attempt to discuss each method,

5.1 Adsorption Technicue. This method of analyzimg matural urine has the
sdvantage of belng eppliceble to pass annlysis with a minimm of personnel and
oguipment. The poat recert results, previously given, indicato that the method
35 rellable to the extent of 80 per cont recovery. Howaver, for large

voluxca of urine insufficicut data has beon collected for the method to be
recom:ended for use without further lnvestipgetion,

Tks enicn cxchange edsorption procedure is epjarently dependent on ﬁhe
concentration of certain urinnry constltuents for efficicnt recoveries, Zhe
utince usced In developing the nothod, ell from one individual, was of such a
nature thet over 90 per cent of the plutenium wos alweys recovered., Fhen othor
individunls supplied urine, the rocoveries were erratic, The method is mob
rceommendsd for wvsae.

5.2 Cuvlorron~Chloroform ixtraction Progedwre. Considorable information has
besn obtainsd on the conditions for exiracting the plutoniunm cupferride complex
inte chloroform from agueous soli sclubtions. In the hands of ap sxperienccd

tzeholelan, the method should prove guite reliable for the dotermimation of
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plutonium in ashed. urine samples. The method appears longer thon is poeessry
and the cupferror. extrsetion can be aliminnted provided the initial precipitaticn
is 2lteredi, The procedure czn be relfed upon to give better than 80 per cemt
recovery.

5.3 T.T.A, Extraction Procodure. This meihod has not boen widely used, tut
there are several unique featurss which meke it appear attractive, The fipal
deposit on the counting plate contains very 1little solid znd therefore nzss
asbsorption of the alphs particles is at a m*nimnj, Recovery of the plutorium

in prectically 211 tests have been sbove 80 per cent with the mejority of the
rosults being above 88 par cent. The only objection vhich might te raiged

is the manner in which the )Iutoniwn is mounted. The cvauporation of 10 ml of
nitric acld solution on o spdl flat plate is quite tedious cad time consuming,
Houaver, a dropping pipette might be constructed to deliver the soiution to the
plate 2t the rote it is ovaporated acd thereby climinnte this objectlon. The
method is reliabla,

5.4 Lonthaonen Flurgide Coprecipitation. The aorlpsis of urine solutionz or solu-
tions of the ashed urine by coprecipitating plutonivm w{th lanthanen fluoride is
Iscited by (1) the volums of urine, 45 ol in the cese of noftwel urine, end (2}
the salt conceptration of the dissoived agh., The method is only reccmieniod
for use where it is neocessary to rapidly dotormins plubenium 4n small volioes

of urine vith an accursey of 80 per cani.

5.5 Calcium Oxnlate and Bismmth Phosphote Coprecinitation Progedures. Both of
these nethods appear to be satisfoectory. The limitations, such as using fresh
urine ot 25°C. for the precipitation of calcium oxmlate, may be cbjcctionable

a5 it iz Vilk=2ly thet the urine specimens poy be stored bofore being aonlysed.

o reccvery data hrve beon roported for thiz method, howowver it is stated Shat
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gocd recovery is consistently dbtained, The method apparently is useful
where ashing facilities are not avallable.

The bismuth phosphate method hes been imvestigated quite extensively, The
nethod has been tested under vorious conditions for analysis of urine for
plutonium, If is not rccomuwended for use on unashed urine though a few tests
heve given good resulta. On sshed urine the method will give consistent

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

Tha three genecral techniques, adsorption, solvent exitraction, and
coprecipitation, used in the separction of plutonium from undesirchle constituents
have been briefly discussed in comnection with the aralysis of urine solution
for plutonium, A detoiled outline of each amalytical method i3 given with o

brief discussion of the applicability of the method.
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