fh ERrR
e HUG - _dR=20
B . this document consiata of _3°
BCHON. o oo o pages and O figures.

| Recd. JUL 6 1940

1
\ ARS.
| Pl

Datal Jups 11, 1946

Ho.z2of 50 copies.Series A .

715904

R

retion of Plutonivam

Subjeets Distribution and g

Chepber VII, Volume 20 A, PPR
e ¥, R. Busaelil and J. J, Mickson, H.D.
To:
BIST COPYA
VAILABLE
Bofora reading this doeunent, sign and date bhelow:

Hzme Date, Heme Date
ReposiTory NARA Wa ‘ YO
COLLECTION Bﬁ‘—-m"-‘%aﬁ—l"d—hb CLASSIFICATION CHANGED
rone, 311551 (339) | 1o NOT CLASSIED
ReadhngFile friorto TASS AN o
FOLDER | g € 10 M 5
Pt | putorty O UAEC

Br2001)




It has beer Aifficuli to ~lve ecredit to specific
snalvicuals for tneir contrivubtions which are included 1n
this chapter, bHome of the work was donu &b other sites snd

nrrvately communicaied Do us,

and azsonclates for infommation conceornin: the cupferron-
ehiorolform procadurs, Lo De. F. . Seoitt and his assoclates
for the information on the hoxoune and T.T.A. oxiraction
progedurss and Lo LWr. m. D. ceylor, kr. k. E. Hotta,

*a T

Mir. . Hevinson, bMr. Harold Delansy, Mlss J. A. Jackson
* o ¥

Hiagg Cordelia Brown, A3lanza Yonroa, all of our
epoun, for teatine and workian oub mezt of the DI OGCECUIES,

T AP ] i~
Jo J¢ Ricksgon, M.D.
P ] .
., R, fusssll

110021 &



Tubls of Comtents

1., IRseHduc5ion o o o a o 8 e 8 s o= e 3

2. Fasimation of Plutonlum in the Sody

i
»

2,1 Metncis of Urine fnalysin -« « & « » =
The adsorptlon oprocedure o « o o s s .
Z3olvent extraction procedures - « o -«

The cupferron-chloroform method
The T.T.A. procedurs . o o o o o+

L]
L]

Pracipitation metvhods of anslysls .« .

The blamuth phesshate-lanthnanum flucride procseiure.

2,2 Matnods of Fecel Analysis
5»:!".; 3] ﬂ: L gb.i nil - w a w v & ) = a [ - o ® L]

Dry asnlng . « o » 6 o 0 2 o 4 o« e e

Metnnd for aswing foces for plutoniuw apalysis . o

2.3 MYothods for the Analysis ol Tlgsues

. Results of the Houfing Urin: Ouxvsys . .
5.3 ChlugEGe o o o o 2 0w o o v e
3.2 Clinton Laboraioriss - < - o o o« o &

4. Fxoerlmsetal Studisse
4.1 Resulis of Human Fxersilion stndics

Upinary excretion of pluteniws « o -
Peosl excrebion of plulcnlux o » o » o

Distribution of plutonium in the body

£. Suvmmary and Suggzeations - - o o s o o v

110021b.

.
- .‘}
« D

-
‘.(J
i

k] a
T
T

W
)
(4



Lo  Iadbroduckion

FPollowling the dlscovery of plubonium, the determinatioan
of 1ts helf Life as 24,300 vuars, and the I'ach that the

matoriol is elphz aoilve, L6 bocame obwlous that elsporate
precautions were nacessary if the worksr wus to e protected
from harm., Ixpeclience in the radiuvm industry had indicated
clearly inst very smell emounta of the radlum slement de-

v

Llnces or death. Az a result of these consldoratiosns, the
cordditions under wnich vlutonliwas ls hondled la tho labor~
atory have been ringed aboul with elavoratae protactilive

regulations anid devices.

In addicion, however, 1% smcemed highly desirable, if

. noi neeentis’, Lo know ws
of plutonivm In the individusl worker. Animel experimone
tation Indicated that the piuntoniuwn contert of the arine
ana feoses woulg ne o vsoeial

2 . [ . R - - T
dido To She oatal aomount of

plutonium in ths vas dealdaed bo use urineg Jor Lhe

o
-
(-‘
&
P
o
I3
e
#
5

of the gpreater

soee in handling upine «  am Wil be disgcussad
belovw, Lt appsers that in hucans ths smount of plutonium
excrated ver day is gsreater 1n the uwriane than in the Tecosg,

x

Inttislly, & tontatlvs maximun pormissible bocy cone

of plubtonium wos ostabliszhod on an arbitroary basisz

3 exkm v en 3 ] RS e S [ N . ! P QT .
From parely shysicel considerstions 13 sesmed that plusonlua,
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wolrnt for welsht, should b spuroximately one~fiftleth

-

ags toxic as radlum. Silnce the tolerance amount of radium
is mencrally accepted as 0.3 micropgram In thie body, the
plutonlua tolerance value wog Initially set at 0.0 micromrams
In the bady,

In order thet one might esltimate the plutonlum corient
of the pody throush snslyslic of the urdne, it was necessary
first to establish the cxeretlon vato. reliminary experi-
ment (l) with rebbits indicated that after the {lrst two
or thirec wesks of plutonium intake, approximstely 0.01% of
thet retalned in the body 1o excreted Iin a Z4=hour urins

.
i

spoeimens HMaony cxoretion expe?imcnts with other snlmals
and man have. soown that thias isg nearly the corrsct value
for the sub=zcutc excretlon rabs. Hezrant work dlscussed
elsewhere indicates that this [ipure way boe grontor than
the true excretlon rate of pluborium which hss bLeen in the
body for a year or more. It 1z porsible that the figure of
0.0l may heve to be reduced in the Mature.

If 3 micropgrams 18 to be the bLeody threshold, and D.01%

excrotion is assumed, then snalvbticel procedurcs capable of

]

detectin: 23 aloha counts per alnute {(plutonium)} in s
24-hour urine spscimen, or 2 counts psr minute in o 100 ml
specimen should be mdequaste, An adoorpitiom procecure,
descrived later, was dosipgned specelfically To acss
specimensg. Any spoclmen shwowling less than £ alpha counts

per minute wsg nob o

1100218
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L

served its purpose well. However, when L1t bsceme asvvaront
that tae lMactor of Fifty between radium and plutonium
toxicity was €oo hign, it wrz ovident the method was not
sufticlently sensltive, Compsrative toxicity studies with
thesctwo elements ghowed that o ‘actor of ten would be
much safer and thersfore the plutonium tolarance threshold
wpge lowsred to one microgran.

If the tolerance threshold Ls 1.0 microsras, the ana-
Lyticul procedurc shoulsd debtsct at least 0.2 micrograme in
the bedy, thervefors 0,2 x 167% microgram in a Z4-hour urine
gpoelnen woula be signilicant. Siancs the average urine npece
imen used 1In Chlcago is approximately 1/3 of a 24-hour
sample, che method must then be sufficient to detsct 9.7 x
10=9 micragran or 0.4 alpha counts per winube of plutonium,
Smaller samples present an even more difficult prodlem.

The problem of detecting such smell guantities of

plutonium was mainly one to bs solved by the developument of

sdeguate counters, Dr, Jesse and as

[£2]

oclatas have produced

I+

A.E:'-

bl

counvers with backgrcounds of less 0,1 count per miaute.
With such counters 0.2 counts por minube can uwe detoctad

with falr sceocuracy. Countineg times ars long, of courseo,

o}

It should be vointed ou- hat contzmination is cne of
the preatest scurcea of error in the determination of low
alpha acbivity., This will be borne out veory clearly in

the resulis o the survey of project perscnnel. Iy is

necessary that colleection, handling and assayins ol the
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urins G- car

It ig th
deseription o
toniuwm in hum
CLUBiils,, SBUgsS
overation of

in ‘ndividunls

ried out under

"gterlle” conditic

Neoe

8 Lurpose oi to E}I‘Gseﬂt a detailed

£ the detectlon of plu-~

ans gnd to briefly discuzs the results, In

egtions ure given ior the establishment and

lavoratory for the detectlion of vlutonium

s woriting with or in arecs contaminated by the

slewment,

2 bstination of Plubtonium in ihe Body
2.1 Mothods of Urine Annlysiss A supvey of the analytleal
metnods for piutonium used by the chemisiry glvlsion ro-
yealed that with ¢ crtain moGificntions some of tﬁese might
pe usad to sesay vrine. A direct Ianthanus flucerids pre-

cipitation fr
sedequate for
the goncenk
a method 13 n
lanthanwa is
urine may cau
In the d
urine analysi
ments Lo assa
was T elt that

sst pessibili

namber of 8SpPe

Mmany

acimena with a

E"'

o o smell volume ol L 2ified urine 1is

surposes, saere the volitme is large and

atlon of plutonium ic exeasedin/ly small,

ot applicable as too larze a quantity or

required. JIna ddition, certain s alts in the
se dirficully.

svelopment of anslytical methods suplicable to

s Lhe time clement as well as WManpower reguiroe

y & given number of samples were consideraed. 1%

an sdsoruption procedure wonuld offer the

-

ty of roublnely aasaying de.ily the

miplaunm of personnel. As wWOS



mentionad in the introduction the method developed was
applicable only to 100 ml of arino., «ohen larger voluwmes
were usod, dilfllculiics were gneceountered.

Phe Tollowing section is devoted to bricl desceription
of soms of the methods which have beentested. & detailed
outlins of the method finally adopted is given.

The adsorptlion procedursa. In the development of a

process for the sxtraction ol plutonium from uranyl

nitrete solutions, G. L. Boyd(g) and ngsoclates found that
the fmberlits Resin Ik-l showed & strogr tendency to adsorb
clutonium, That thls same resin could bs uged to concen-
trate the plutonium also was saown. It was thought that a
aimilspr procedure could be adapted to the removal of plu=
toniwm from urinec. The procedure conslstod essentlally of
dilustine » 100 ml urine specimen with 50 ml of C.3 #
hydrochloric acid and sereolating thils solutlion throush 2
glass coluwn contalning 2.5 grams of the Ii-1 resin. Over
55% of the olutonlum contalned In the arine is adsorbed along
with gome of the inorganic cztions ant organic mebarial.

ihe adsorbed plutopiuvm is woshed [Tee of Ihe clthor adsorbed
materials by porcolsiing 1590 ml ol a 0.5 1 hydrochloric acid
solntion throupgh the column. Complete desorpticen of the
plutonium is obtained with a & ¥ nydrochloriec acid elutriant,
A 5 ml holdup is discarded and s 50 ml fraction 1s collected

which contains sbout B5% of the adzovbed plutanium. This
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solution way be svaporsabea Lo 1 ml anc Lrsaslorreu Lo a
plastinun plate for counting. Hepeatod uss ol the sdsorbent
ceuses accumulatvion of some organic mzterisel which decrensss
the adsorption of plutonium. In the cevelopment of an
adosorption procedure for assaying large volumes of urins
{1000 ml} Schubert{®) has shown that =n alcchol wash between
cycles will climinate this cdecrease In adsorptive capaclitye.
There were 1048 individusl speciniens analyzed by thls
or & modification of this adsorption procodure. 85% of all
the experimental tests showed better than 80% recovery of
the plutoniwn, The method oz applicd to the routine survey
of perscounel was valuable only in detecting the presence of

4

sppreximately 5 micrograms in the Lody,e

il

Soivent extrrebtlion Drocedures, ns solvent extraction

GROCEUUTES Are Medlioned Hele mainly wucausce bhey arc waing
usad by other sites for the routine determinaticn of vlu-
tonium in arine. V. Langhamié) at Losg Almmes, hos applied
the cuoferron—chloroferm extractlon procedurs developod DY
G. Cowan'S) rop ascayine uranyl nitrate soluticns for plu-
tonium. K. G. .‘Jcott(c‘3 at Berkelsy haes developoad an extrsc-—
tion procedure making uwese ol & bangzena solutlon of
thiophenyltrifluoracetene (i.%.4.; In our tests on these
procedures, the recovery of plutonium has been above 805,

In blank tests we have alweye found some alphs activity which

scens to be due bte lsnthanum Impuritiss.



The organic

The cupfesrron=chloroform mathod,
constitients of urine pronlblt the

slutenicm Intos an
I

ch T
LS N

extrasticn 1t 1s nece S Y

out o prelimin

L

ary precloitation,

use u ¢ombination oI both,

dissolved in dilute hylrcchloric a

preclpltaced by neulrsliisatci

trated amneonium hydroxide

o

the plutonium is dlssolved

- - R o da
[ER IR 2SN

elither aszh the urine or csa

sLer

o afl

joy

-~  hi

n & 0 hydrochloric

direct extrection of

Preliminary to the

el

A

w

it was Tound advisabls to

Lie reslduc 1ls

asulily,

cide  Czlelum phosphiate is

tne solution wlth concene

scipitate which contains

2

¢ld, I mg of

Pa¥d in 0.2 ¥ hydrochlorie acid 1s added ard the solution
neatralizaed to a ol slishitly belcow that reguired to precive
ita the iroa. The plutonlum is complexsd by sddineg 1.5 ml
of &5 &% agquanus solution of cunlorron. Pae plutoniom ia
then extracted with £ mi porticnsz oi chlcoroeform until the
last portlon is colorlezs. The solvent i1s vemoved Ly avape
oration, the orgenic matter destroyed wit™h nitrie and pers-
chloric acids and s lanthamy flucride precipitabtiorn carried
out on a gclution of the residus, YThi: ppocodure may well
nave been alisred proscently. nowsvae, Lhv gaseanbtlial [esiures
are the same,

The T.T.A, Froceduret8), Tnis method 18 uniguan 1in
that the inal deposit on the platinum plate contal ne ao
visible solids which wonld redice tho alpnhs vount by

_ _ {1a3
absorption. The nrocedure Tows sdoptod for use atbt Hanford
la miven in detall hnere,
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13,
14,
15.
16,

17.

18,

1100224

Place the sample In a two iiter Erlenmaver {(or beaker,)
and ovavorate to drynsss in an oven a2t 160-20000C,

Take up the residve In 120 mi of 8 N nitric aclid.

Heat thiz mixturc in btne aven for 30-60 minutes until
the rcesidue on the sides of the borker iz washed down,

Transfer the scld mixture to a small (100-25 ml) bealizr,
The size of thils besksr dapends unon the size of the
mulfle furnace asvallsble for step 6.

Lyaporate the

0 4rvnecss in the oven.

I

jol

2o ld

Place the beaker in sz muflle furnzce at 5759C. unitil the
residue becomos white or only slight iy gray. A& consid=-
erablc ameunt of urea may oe¢ pressnt -5 this state,

Dissclve the residuc in 100 ml of a solution © W in
nitrlc acid and 0.1 ¥ in hydroxylamine hydrochloride.

Transfer the soluticn to twe 100 ml centrifure tubes

st

{50 ml1 o solution to srch.,)

fdd Swo ml of
Lo sach nentrifug:

dd 10 ml of 12 % hydeoituoric aeld to sach tube and stis,
Allow tubes to ztend {or five nlmnutes
Centerifuge at 200C 1Y for Ifive minules.
Decant supernatant liauid,

ctom (."Jf the conty {x—| }_&E_’r

reak up cakes in the bel F goe b
of 1.5 H hydrefiucric ac

Ll
wash well wlth 10-20 ml
Centrifuge at OCO0 BN Jor flve minutes.
Pecant wash liguor.

Dissolve the precipitates In o Tof
nitrate solution, mcanwinile JerhN

-

al o7 50 ml of aiuminum
S i DI

tpangferrin: 211l ol the solu-

tion to one tube. Aluminug nitrate golution conrtainsg &
vounds of hvdrated alweinum nitrate 3issolved In 195 ml

‘ - . - N e ”a . e s

9 N pitric acic snd Tthen diluted % o total of 1520 ml
of solutlon.
AZd 0,25 ml of sodiws niitrite soluilon, (12 grems of
sodium nitrite in 100 20 of wuaslter.)



19. Allow solutlion to stand r'or 10 minutes
20, Four sclution inteo a 100 mit separatory Tunnel,

21, Add 10 mi of ".T.&. solution. {5 rams o7 T.l.4Ae ‘o 100 ml
benzene)

22, Sheke for 10 minutes

23. Allow benzene to separats from the waober layer.

24, Separate the water layer and discard.

25. wash benzene layer twice with 10-20 ml of dlistilled water.
26, Add 10 wl of B d nitric acid.

27, SBhake for 10 minutes

(S

28, Evaporate nitric acld layer on 114
or 3stalnliess steel plate.

nen diametor plscinan

28, wash T.T.A. end Tunnel with 2-3 cc ol dlstilled water.
30, nvaporate wash waber on sampls platse sz In step ud,

31. Count the nlate fopr alphs #warticles,

"uxsepinental ftesto. A nupber of aamy
20 d/m of ru have been carricd from step g
vield of the extractlon process. Yhesa s
approximately 90% yield with Calr consist
operator has had a little experience in handling
Blanks {no Plutonium present) have given less than
even though the lunthanum used was contamingt i

alpha emitting materisl te The extent of
La“”** o n

e samulods

Oa? ¢,/m,
v\

et O3

A few tests at Chicepo have shown s ninleum recovery of
80% with sli;snt alpha contaminstion. The ascuree of This

contamination is uc® Kknown,

Precinitation metnods of Anslysis. There ore asay catlons

which when preecipitated in whe presence of plutonivs willil aci

1 ]

g8 & suitable coarrier, The ascumpitlon Lo made that the cavion

1100225



1s precipltated with an anion which forms an insoluble
compound with plutenlum. Most ol these carriers ars nob
suiltable for plutenium anslysis aimply becausc of’ the

amount reculired for guantitative cerrying. Lanthanuwm, which
forms an Insoluble fluoride 1s by far the most userul
analytical carrier of nlutonium. DBecause ccher lons which
also form insoluble {luorides are slso presont in urine,

a direct lanthanum Tluorlds precipitation 45 not astisfecs
tory for analytlcal purgores. OTten double vrecipitations
are resorhed to. ior exumple, plutoniwum ls preciluitstaed with

zirconium bnosghate which sepsrates 1t from the hulk of ths
salts. The plutonlum ls then separated from the zirconluan
by 2 lanthanum fluoride precinltation, The principlsz 1s a2
uzeful one, znd forms the basis Tor the Tinal procedare

adopted,

The bismuth phospnate~lanthanum fluoride progedure,

Plutenium may be axtracted from the urine in eiliher ot two
wvays usine a biemuth phosphate precipltation. The use of
unashed urine wos found to be guite time-consunins sns rooulred
considaerable equipment and manpowoer. 75 was polnted oni by
K. 0, Leott, ashing the urine prior to snnlysis would mele
for much more relinble results.
Tne urine speeimen commonly 1000 ml, thoush not limitcd
to this volume, is acidflied witn 100 ml of concentrated nitric
acid which was previously used for wosning oubt the coll-oching

veassel. thls wasghine ig essentiol since 1T nos been shiown

10022



that adsorpiion of plutonium by glass from a natural urine

ciutlon is yuite high. 'he specimen is then evaporated to

near dryness on a medium temperature hot plate. lhe orvganic
matter is destroyed with successlive niitele scid treatmonts

accoumpanied by heat. when the ashing is complete, as evi-
Cewaod by the white residue, the sample is dried 2t a low

temperature lor about an hour,

The residue is now acidiiiod with 2 ml of conconbrated

nitric wcid and ailowed %o stant at voum bLemperatire to

insure wavaration. It g then diczolved in 35 m

ol

ol watar
and transferred To s 50 ml tepered centrilfurqss tube. Aoy ine

sotubls residue is contrifused out and the supsrnate LA

ferred o a 90 ml pyrex contrifuse tube. Yhe sshiug cone
balner 1s washed oub with 1 ml of niltvic =seld and 2 @l of
ater, ©hls gelution 13 trangilspred Lo tieo 50 4l conbiifure

fuve, thorousrniy mixed with sny residues pressut, centriinwoed

aril the succornate added to the sclution in the 90 wml contri..

fuge tube. The solubtion in the 20 ml tubs iz then 4}luted
Lo 80 ml. Yo tiils ig adoed € ol ol a szbursibed BlUn solutlon,
The solution iz allewed bto svant ot leost 20 minutes For

reduction of the plubtoenium,

The tube is suspended in o v

o
<

o and stirred mechenicnily durin: She addition of 0.1

agrom ad plamuabh from 2 stoel aniuvition containlas .1 ronm

1 “+ =z B -y . e ERr L . | [P V. I P S I S S,

BLTY per vl ol 10 M niiprlic ncld.  Sith continuous sbiseian,
. g s e ew o - - - h - [

1wl oy concentroced rMespghorie neid s addol o e L od

1100227



1100224

of approximetely 5 minutes. The aclution is allowed to
dlrmest for one hour at the elevetod temneraturc. AL the
eitd o this period the pregiositate is allioucd to sesllo ans
the tulX of the supernate iz removed. 1h. posicue fo Bhon
washed with water into & 15 ml pyrex centrifupge tube anc
centrifugzed, the supernate beinm dincarded, “The 20 xl tube
1s washed with two 2 ml pertions o) 1-1 hydrochloric scid,
The wachines are addad to the
Llesmuth phosvhate wrecipitabe.
the nyorcealoric woid solution L wou wilutoo to L o2l
with vater. 0.25 my of lantbheoum 13 2d.cd {stoek solution

Veh ma Lagtd ver ml in 2.1 H

precipitated by stirring in 9.5 4l of 1l-1 hydrofluceic acisa.
Stirring ls continusd Por a2 zhort posdc it igc =
to use wlatinum stirrinn rodc s Sogug wadoiite sodsy

increase Lthe residue on the counting utisies, A

fU{jSLiOH ﬂt 2000 Lil‘{"”l fOI' b ]ninl;{,;—‘sg ‘IJ;"j_H :'!t‘:gj.,:_..l.netg_} iﬁ ,\‘g_c;.,._

carded., ’'fhe lanthanum flucrids vroclpiiste Lo eluvrelod

a Tew drope of O M nitrlec acid and Lrans. rcred o s wlatinus
plate snout two inches in diametor wiiich is hinabod 300 o low
temperuture et plete. Care must Lo teoavo 3 gpallsria
of the materizl. ‘hoe centrliu-c tule Lo wishow several bines
with snall porticns o acld anl SR Lo

Lhie Jlebinum plate wia evEporiuua.  cwooul Lo

pre&:cnt and i wpiread ovanly ades Lag IR VL T .YI‘JL,_I__'_j.llEiZ &

L) : . o - - - 2 P .
e i 3 1 o Y e m teae e d T S S . S
afzarption of the alpna warsicles, D033 Tne grecloitate ls



dried, the plate flamed and counted.

This procipitstlon procgiure Woe

~

to be used 1o routinaly enalyzs irine for plud

gral reasons; {a) experimenlal tests b yaplous becnnlclans

sowsd tihabt over 90 ol the plutonium accd bo 2 1000 wl
arine specimen could be pecoveraed and thab ¢ie penvoduciblle
ity in this renge was over 957, (b) that lerge volwies o
urine could be easily analyzed, (¢} fhat the methot would

lend itself Lo routine operations, and {a) that tas maihs

does not depcnd on cerbain constlivuenis o” wwrinae for its
proper funetioning.

Since the concentration of pluton:

. i’ N .
{of the order 107~= grams) | cah Lont cowniiey
periods be 1 ised to obtaln Tieaat.  SLOU
samples are counted for & IRV

two=hour background coun®t on & tloninid labTe Coap et g L

ape usually counted for bhree nours prioy o LRon Bt PR CRCTR -

Wnere sppreciable activity 1s found 41 £ samdla, bhe pRat
s counted on gevepral counbers Lo oLlminate the vacastaintyr
of improper funetioning of a 32 iasle oot T

427

2,2 Methods of Foeal Analysic! There 2rd ©O 0BT

no satlisfactory snelytical proeedures oy walon jnorgsolo
cations are removed from untreatad Tecdde Tne guentiiabive
methods for the datection of plutoniam =0 Poens would inwolve

o 1 -

some preliminary preaiment OF TOS wabocial. Since the ovian:

onstituents will vary wiph e alob 19 would appest nab ANy

11002249



uncertainties would be present in a procedure where a solution
of the naturel specimen ls assayed., Thougn a few speclmens

-

of this nature have bheen asnalysad with

.|

hetter than §0%

recovery of the plutonlum, many undesirsble fealures were

encountered which nead aot be enumerated. ‘thg vroblem of

fecnl analysis thon resslves ltself into cevising sultable
]

neans for removing the crganic mstter ‘rom the sample., This

1e probebly Leost accomplished by ashing.
k o £

i

Wwet ashing. Wet ashing of foecos can ve accomplisned b

e

Gipgesting the samidle at slevated temperabures with oxidizing
geids sush sulfuric, perchlorie, and nitric. For the purvose

of plutonium snalysis, nitric azid seems the most desirable.
However, with this acid 1t is dilfficult to completely destroy

all of the organic matter., Yests for plubocpium recovery from
nitric acid ashed fecces have veen erratlc, probably due %o
incomplete asninz. The use of auxilliary oxidarts, such as
superoxol, have mede for bLetter recoverys wet ashing under

these conditicns is guite time-conswaing.

Dry z2-hing. Dry ashing zoaslsts of desbroying the

organic matter by heating the samule at high temporatuces.
Considerable lossges of =lutonium hiave been experienced in
fhis procedure due to peretration of the plutonium into the
wells of Lhe asihing vesssel, Ghen preliminary dreylne 1s
empioyed and the sam:le is separated from the walls of the
asilnrg vensel with filter pspsr, such losses are avoided,

Another difiiculty Is encountared due to & large insoluble
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cegsidue which at tlmes containg considerable plutenium.

The most satisfactory method which was found combines the
two general procedures, It 1s emphasized that the method 1s
not conpletely satlsfactory at the present time.

iethod for ashing fecss {or plutonium analvsis. %The fecsal

specinen contained in a Sealrite carton 1s drieud at 1109C. for
24 hours opr until the semnle 18 brittle., The specimen 1s then
sransferred to a porcelain crucibie whicn 1s lined with filter
paper anz Lgnited at 850-800°C, for 24 hours. After cocling,
the ach is treated twice with fumlng nitric acld and evaporated
to dryness. The residue is diszssolved ln & minimal awmount of
hot * ¥ nitric acid, heated for a short while and centrifuged,
The remainine residue is woashed wlth more hot 6 M nitric ecld
and centrifuged. The supernates sre combined and diluted to
1.1 <« 1.2 # in nitric acid.

| The plutonium is now reduced by addling 2 ml of & saturated

The

solution of 50, and sllowing to stand at least 20 minutes.
bl gmuth phosphate precipltaticon which fbllowé is identicsl to
that described for urine analysls. In the experimentsl tests
that have been carried out the recovery of plutonlum has besn
about 80%, Thls compares favorably with recoverles obiained

by the T.Y¥.A. and cuplerron procedures,

It was felt thet the personnsl involved in a routine
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may be of value in specific cases, however, This is partlicu-
larly true if the question of inmestion can be eliminsated.
Under such condltions the zmount in the feces represents either
material excreted by ths bowel or coughed up from the lungs,

It may well be possible to uin an idea of the amount of
plutonivm in the luness by study eof the amount in the stools,
under ldeal conditions,

2.3 Metheds for the Analysis of Tissues: The sudden demand

for determining the conceniration of plutonium in a large
number of animal tilssues made 1% necessary that a method of

" analysls bte adopted with the minimum amount of experimental
background. 1t was fortunate that the concentration of plu-
tonium in theses tissues, moztly fromrats and mice, was sufl=
ficiently hipgh thet dirsct counts could be mede and compared
with the precipitation or extraction ppoqedure adepted. The
solution of the ashed tizsue contained only small amounts of
fnorganlc salts snd 1lttle dirficulty was enccuntered 1n
mekine 5 dlrect lanthan'm fluoride prscipitatlon; the methed
-gave 85/ recovary., #Hhen lowsr concentratlions of plutonium in
large specimens were subsequently encounterced 1t was obvious
that such a method could not be used.

R ibram(7)modified the =irconium phosphate=lanthanum
fluoride procedure developed by G. b Boydts}and ggsoclates,
to assay zmall sampls s, mostly fromrets snd mice. This

method wags shown to slve an average of 85% recovery, though

various tochnicizns have roporbted much higher and lower results.
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This procedurs has been used to essay human tissues, however,
parallel tsasts were made with r abbit tissues containing an
equivalent amount of ssh por ml which showed only 60% recovery
of the plutonlum. In another case involving human tissues,(g}

a direct lanthamm fluoride vrecipitation was used. This wés
vossible sinee only solt tissues were assayed and thecalcium
content of the s sh waoa small, It ls obvious that neither of
these procaedures 1z n sulteble method for assaying large amounts

¢l tissue conbalning cextremrely small amounts of plutonium.

Jon

Qnie of the main 4ifTicultles which was e¢ncountercd in the
development of a procedure for nssaying tissues was obtaining
complete sclution of the zshed residue. In the case of liver
samplss the resldue remaining after ashing contained as much
&s 30% of the plutonium, It was found that “he smount of
residue 1s reduced considerably I1f the speclmen 1s not heated
to dryness after a peroxlide traatment. Supsroxol is generally
used in the ashing ol tissues.

M. D. Taylor(la} spent considerable sffort in devising

means ol ashlng tissues which would glve elther a residue

-

sompletely soluble 1un dilute nltric aclid or leave a residue
which did neot contain any of the plutonium. One method using
ammonium nitrate wns gulte saticsfactory from the standpoint of
solution of the ash but was rathsr hazardous. The method
finally adopted made use of foming nitric acid.

The tissue speecimen is complsetely dricd at 1109C for 24 to

48 hours and is transferred to = klsldahl flssek snd heated
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slternatsly with small portlons of fuming nitric acld and
supercxol until a cowpletely white rasidue is obtained. It is
sesertlal o evoid vigorous heating oo vhe residue as etchlng
Lf the voszel will eeeur. “The sample ls then difficult to
semove., when ashing is complate the reaidue i1s dried over 8
yery low [lame for a snort while snd then allowed to cool.
e presiius is warmed with & ml of concensrated nitric acid,
4iluted to 25 wl snd trensferryed to a o0 wml c entprlifuge tube.
The eides of the kjeldanl flaszk are washed dotm with & mk of
soncentrated nitrle scld, This is washed inteo the 50 mi
sentrifuzs tube with 17 ml of webter, 4T =mny reslidue is present,
it 1g ceatrifured out and the supernate transferred to & 80 nl
Lentrl mze tubs and diluted te 80 al. The uvlubtonium is redused
oy sllowing to & tand 2C pinutes after the additlon of 2 wl of
water, The bizumuth phosphate-lanthenum Cluorlds
?rocﬂ”uré described above is followed. This precedure 1a
applicables to a TH gram bops specimen or Lo approximstely &
300 gran sof% tlssus swoesiman, n lerss ssmples are o be
assayed, proportional tneroass in the reagonts require” to
iigsolve tne ssh is nccessary. IMquivelent amounts of blemuth
are recguired but the final szount of lanthznum used nced NoL
exceod 0.5 ¥Z.

_Experimants have shown thabt betier than 90% of the plu-

rontwa can ba copraeiplialed 4ith D.5 mg lanthanum as tha

Fluoride from = B M hydrochloric actd 2olution coantalning 1
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gram ol tismuta in 15 ml ef sclutlom., washing of the lanthenum
luoride precipitate with a hydrochloric-hydrofluoric acld
aixture 1s necessary to sliminate the bismuth from the preelp-
itate only where the maximum emownbt of bisuuth is used. This
aAethod nzs been apvliicd to huuman tissuss to which known
amounts 3 vlubenlum were added and the recovery has been
above 887 in all cases.

2. Resiwdts of the Roubine Urine Surveys
3,1 Chicesgo: The reaults which were obtained on the personnel
of the Metallursical Laboratory may be divided inteo twio groups:
i1) results obitained with IR-] adsorption procedurs, and (2)
regulits obtalned by employing the bismubh phogphate-lanthanum
flueride vrogcedure. iIn Group I ths results sre further divided
into three zroups: (1)} those c¢btainsd during the perlod
August, 1942 to October, 1944, {2} velween veiober, 1244 and
April, 19045, and {3) between :pril, 1945 and October, 1945,
The Ursup 1I results were a2}l obtslaed under identical condl-

g ia on the basis of

(o

vions., The division of Group &L resuli
chanres in either the procedurs of annlyszics, webthod of semplo
collections, shiftins of laboratory equipmsnt, or changes in
squipment. The results in Group I have one thing in common,
they are 2l1 on the basis of anslysis of 100 ml urlne specimens.

Group I Rasults., rfugush, 1944-Dctober, 1944: During

this »eriod 1t was not reallized thet working Iin contauminaited

areas would bhe szuch & serious factor. Tsreeizl care was taken
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20,

to see that zll appsaratus was free of glpha contaminatlon.
During this period 222 indlvidual urine spscimens were analysed.
Wearly 60% indicated a body content of plutonium greater than
5 micrograms, 30% petween 1 and 3 micrograms end the remainder
isss than 1 mlcrogram. 1t wasg recoinized that edjacent rooms
in which lerge quantitles of alpha~active substances were
handled contributed greatly to the asbnormelly high results.
“hnis was quite clearly demonstrated when a soiution ccntalning
vlutenium was spllled in the sdjacent laboratory and the
unalytical reaults on the urines became abnormally high. In
order to avoid a rscurrsncs of such contamination, the ana-
lytical lap was moved to another site whore 1ittle plutonium
was handled in nearby rooms.

Octcber, 1944 = April, 1945. During this pcriod 628

individual urine speclmens wers snalysed. 1% indicated a bedy
content of over b microgrsms of plutonium, 25% between 1 and

5 microgrems aad the remalnder less than 1 microgram. 7This
tremendous drop in the overall zctivity of the speclmens
indicated very clearly thst extrsme care must be Taken to
avold contamination 1P sny signlficams is To be aitached to
the restilts. In additiontw avelding contaminatlon in the
analysis area 1t was found that very spscial care should be
exercised by the individusl in collecting the sample, work

st Los Alamos showed this very clearly.
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Aprll. 1945 - October, 1¢4&. It was during thls period
thet further efforts wers mad: to minimize contamination.
Definite procedures for collecting and handling the specimens
wers adooted. In the 208 individual speclmens asnalysed, less
than 1% showed a body content of greater than 1 microgram,

13% between 0.2-1 mierogram and the remainder below 0.2 nicro=-
gram. Ten of the specimsns %hat were analysed were dlscarded

ns having been definitely contaminated. The incident otcurred
when several mlillipgrams of plubonium {cxids powder) was trans-
norted in the hall by the analytical laboratory personneio

The results obtalned on that day were excecedingly high.

Group II negulis. It became apparent during the above

periods that four thinss must be done for accurate and signife
icant urire analysis. {1} An lsclated laboratory free of alphs
contamination must bs provided for the anglysis.
{2} The snalytical methcd must be gltered so that largse
volumes of urine could be routinsly assayed.
(3) Alpha counitling instruments 7must be provided capsable
of detecting 0.1 alpha count per minute,
{4) Very definite rules of collecting and handling the

apecimens must be followed,

As a compromise some of the rooms in the south end of the
New Chemistry Annex were renovated %o meet 28 nearly as

poasibls the specifications of & non-=contaminated and lsolated

1006237



laboratory. In November, 1945, voutine an&lysis.of the urines
Legan as nearly %s possible under the conditions as outlined
above. 'Ag ol February l, 1945, 216 incividusl urine specimens
have been analysed. Less thun 1% have indicated a body content
of plutonium greater than 0.4 microgram, £.5% between 0,1-0,.4
nlerogram and the remainder ls ss than 0,1 microgram. Twelve
conirols of 1000 ml cach were run wnich showed as a maximum az
body content of Q.02 microgram, sssuming the actlivity to be
from plutonium, This may be regarded as the lowsr limit of
sensitivity of the method as described abovae.

3.2 Clinton Laboratoriss: During the one-year perioed ending

February, 1945, 325 upine specimens from ths Clinton Labora-
tories were asssyed for plutenium. These gpecimens represent
only a small groun of persons werking under Dr. 5. G. Enplish.
As in the case of the Chicagé survey, the specimens are grouped
accordins to certain changes which wers made in the analytlcal
procedure or changes 1n the conditions of analysis.

Group 1 Kegults. This group consists of the {irst 178

specimens assayed for plutonium, The samples were acidified
with hydrochloric acid and the plutonium adsorbed onto an

anion exchangs resin, [RB-4, by shaking in contact witn the resin
for several Pours, Yhe plutonlum was then eluted from the

resin with é M hydrcchloric 2cid, flutonium was coprecipltated

with lanthanum fluoride send ccocunted in the usual menner.
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The results of the firat 113 specimens were complicated
Dy the fact that & lanthanum blank wes not used in the back-
zroumd determlnations. Over 3% »f these specimens showed an
estimated body content abovs 0.2 microgram, the average Lelng
lolg micrograms. This 1s obvlously due to a lpha contamlnants
in the lanthanum a&s well as pcossible conteamination from the
gource of collsction.

The source of the elpha sctivity in the varlous specimens
ol lanthanum hsas not been determined. OSome sumples have been
found to contain as much as 1.6 alpha counts per minute per
allligram. Yhis astivity 1s coprscipltated with lanthanum
fluoride, and 18 partizlly extracted from lanthanum solutions
wlth ehloroform when complexed with cupferron. 4in general,
the alpha activity & ssoclatad with lanthanum wlll follow
plutonium in the lowar oxidetion etate, It ls of interest
that only a small fraction of the activity is extracted with
slutonium into a benzene sclutlion of thiophenyliriflucroacetone.

The aoxi 60 specimous snowol a deciced decrease in the
olutoniurt body content. From the zampls count was subtracted
the background of a lanthanum blank. Nesrly 35% of the samples
showed negative rsaults. A 1ittle more then 85% showed zero
or positive results. The averass eastimated body content, ex-
cluding the negative resulis, was 0.101 microgranm.

Such a merked decrease, from 1.18 to 0.101, In the averagse

eatimated plutoeniir. body content made 1t necessary that,
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(1) either an aﬁalytical method be deviisd wheredby plutonium
weuld be free of lanthanum, or {2) that extreme care be taken
In the selection of the lanthanum as a carrylng agent., In
addition, counters csapable of Jdetecting low alpha counts were
necessary. Ths maximum counting time for the above samples
was 20 minutes., This is far from adeguate to glive signifi-
cant cowmts below 0.6 counts per mlinute,

Group I1 Results. 105 spsclmens are included in this
group. +‘he method of analysis a3 well as caumnting tlme con-
stitute the major changes made, The urine was ashed according
to the procedure described previcusly. The residue was
dissclved in 0.1 ¥ hydrochloeric acld and the plutonium extracted
by the IR-~1 adsorption procedurs,

Over 12% showed nsgative ccunts and the remalnder sero
or positive results. Lxeluding ths negative resuits, the
averare estlmated boly content vizg 0,038 microgram, which iz
sgaln a gignificant decrease,

In fthe preliminary tests on the saslytical method used
nere, it wes shown that about 80% of the plutonium was recoverad,
dowever, later tests showed that the resulls were not conslis-
tent end that the results obisined may probably be low,

Group III Hesults. 4¢3 gpscimens are included in this

group., The apsclmens were assayed by the blasmuth phosrhste=
lanthanus fluoride pirocsdurs wdsr gondibtoons identical to

Group II Chicego samples. 30% showad negative counts which
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did met fall ocelow =U.l cowmt per mimile snd 19» suowad sig-
A1ficent positive counts. Agzain axceluding the negatlive resulits,
the average estimated body content wasz 0.063 mlicrograms., This
A8 nearly a two-fold incresse over the previous group, however,
1%V wes pointed out that the Group IX regul te may be low.

1t should be emphasized here ithat in the case of Group II
Chilcago and Group III Clinton results that frequent controls
were run., 1he results on ths controls canged from 0,01 %o
3,08 alpha counts per minute per 1000 wi of urins., *uch counts
are not significant but indicate that (1} the rsagents uaed
in the analyses do not contribute to contaminstion, {(2) that
external contamination is reduced considerable, and (3) that
the consistency of the rssults on the controls would leng
weight to high res:lis obtained on the specimons. VUne control
nas soown & alga count (V.4 ciafiain.) No reason can be given

Tor this hiph result as a control run simultanscwdy was normal.

4. Lxperlmentel Shudieg
T™he development and use of an analyitical procedure to
determine the concentr:ilor of a suvstance in ths sXereba has
1ittle meanine unlees this inlormstion can bs ussd to dster-
wnlne elther cortaln b dy ¥ netiona or Ltho zmount of the sub-
stance 1In the body wb c¢h o ¥y be injuriosux., Ths lathzsr 13 the

L)

more important fector here as it wilil affr>d a means of dstec-

Ting a harmful subst: jce, 1ere plutoniuwm, beolore 11 rerches

toxle concentrabtions intl s body¥.
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It was previoysly mentioncd that plutonium 1s eliminated
from thes body In the urine at & falrly constant rete--the
rate belng spproximstely 0.01% per day. Tikls {igure was pro=-
posed on the basis of some very preliminary excretion studles
on:z'abbi‘ts(l)o Subsequent experiments on mlice, rats, and
dogs showed that the excretlon rate may vary by a facter of
five in the different species(112 It was felt necessary to
sstablish lndependently the excretion rate ol humans.

The fecal plubonium axcretion, howsver, varied a3 much as
a thousand fold from speciles to specles., Thils macde it 4Liffi=

eult to assipgn any rats for huwman fecal plutonium excretion.

4,1 Results of Human Excretion Studles:

Urinary excretion of plutonium. Three experiments were

begun within a few weeks {(one at Chicago) in which plutonium
was injected intc a human and tlie plutonium excreticn followed
daily. During the first 15 days of the experlmants Ihsere was
less than 10% difference between the 4 2ily urinary plutonium
excretion of the individuasl studied by Lr. V. Langhsm snd
agsociates at Los Alemos and the individusl studied by

Dr. J. J. Nickson, E. R. Russsll and assccistes at Chicago.
The individusl studied by Dr. J. G. Hamilton at Berksley
snowed & slightly lower excretion but nol by a factor of 2.
Following the initial period where & rapid decresase in the
o~eration rate is observed, there was 2 sllght divergencs

in the resultsz obtained from the thres subjects. The individusl
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studled at Log Alamos showed sn aversge daily excretion of
slizhtly leas than 0.02%, the ons at Chlcago slightly above
DoUlZ% and the lnuividusal at berkeley sligutly less than
0.006%. These values persisted over a 100-day period. Silnce
these expeorliments were completed, two additional studles have
been made at Chicasgo. The excrelion rate of ons of these
indlviduals after the first itwo weeks has remained between
0,010 end 0.015% per day. Thec cther indfividual was not
avallable for further study after the 18th day.

In view of the fact that the majority of the urinary
plutonium excretlon studlies on humens have indicated that
a subeazcute excrction rate of 0.01% per day 1s very nearly
corract, this value appears to¢ be at this time a reasonable
one to use in determining the concaentration eof piutonium in
the body of workers. It may be polnted cut that ths urinsry
nlutonium excretion of dogstlﬁ) parallels that of man.

Fecal excretion of plutoniuvm, in additlon to following

the urinary excrstion of plutonium of the vbove Indivicdusls,
the plutonium content of the daily fecel specimens was also
determined. It hes been predlicted by several workers on tha
basls of animal excretion studies, that the plutonium fecal
excretion rate wonld be greater than the urinary excrsiion
rate. 1t therefore appeared that stool determinatlons would
be sasler to interprset. All of the hwman studles that have

beon made have falled to confirm this thesis. Plutonlium in
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a 24-hour feecsl specimen 1s from 2 to 4 times less than that
in a corresponding Z4~hour urine specimen.

The average daily fexal plutonlium excretlion for the
four casas studled 1s 0.003% ranging from 0.001% to 0.006% of
that contailned in the body. From ths difflcolties encountered
in deteeting 2 x 20~5 micrograms of plutonlum, it would appesr
that surveys of personnel through fecal analysis wonld be

diificult,

4,2 Distribution of Piutonium :n the bodys The development

and understanding of any satislactory means of plutenium
tnerapy 1s dep:ndent upon a knowledge of the distribution of
ths element in the orgenlsm. Since nearly 90% of the pluton-
fum finding its way in the body 1s retalned thers for many
yoars it is vitally fmportant that we week some means of
increasing the excretion rate. The first step in devising
means of therapy 1s to learn in what organs the plutonium is
cencentrated.

There have been many experiments invelving anlmals in
whilch plutonium was injscted and at scre later date lts
adistribution determined. The majority of these bests have
shown that the liver, spleen, bone marrow, and lymph nodss are
the vrinciple sites of deposition. The sams general dlstribu-
tion hes been found for the one fairly normal human which was
studisd. The digtribution data i3 gliven in Table I. In

addition the disiribution of plutonium in a fomale containing
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gpproximately 90 mlcrosramswas determined (see Table II.)
This individual had meny abnormally Tunctioning organs and
therefure the distribution may not be representative. 1t 1s
Iinteresting to note that sven under theze conditions the mar-

row &nd bone are smong the principle sites ol deposlilon.

Table 1

Ristribution of Plutonium In a 6f-yesar, White HMale
{155 days after injectlon of 6.5 ug of piutonlum as the cltrate)

Tlssue Grams of 2ACta/gran #Relatlive
tissus of tiasue Affinity for
analysed Plutonmium

Marrow (ridb) 0.8292 70.9 10.13

Liver 34,11 59.8 8,54

steraum 5008 2U.8 2,94

2eriosteun 0.1215 20,0 2.86

3plean 32.12 1.1 1.59

Tumor (lung) 2,03 7od 1.06

Cencer Tlssue 20,87 7.2 1.03

Rib {cortex) 1.0125 7.0 1,00

L.Nodes {(sorta) 0.63 6.7 0.96

Lung 15.39 2,6 0,87

Teatlcle 4,3425 2.3 0,83

{zlandular)

fidney 27 A 1.7 Q.24

Heart 4.9435 1.2 Q.17

Diaphragm SH.73 1,0 C.14

Abdominal Fatf 17.08 0.2 0,03

3ile 6 ce ? -

# = cts/gram Pourd ¢ cts/gram agsuming equul distributiom
throughout the body.

1100245



Table IT

Distribution of Plutonium in a S4-year, Whlite Female
(16 daya after injectlon of 94,91 i of plutonium citrote)

™

Tissue Crams of =cts/cram #Releblve
tlesuo of tlssue Affinity for
S Any 12o58 e siutonium

Marrow (rid 0.20&5 1399 3,29
Aib {coriex) 0,430 1239 7.88
Callus and bone 0.1933 828 5.02
Callus {(bcne free) 0.262 534 3.17
Kidney 6,00 360 £.18
Thyrold 2.64 226 1.37
Contents

{lowar bowel) 10.05 183 1.1
Liver B.70 io2 1,00
Pancrasas 5.045 148 0,30
Periosteum (rib) 0.46% 123 0,75
Lung, 14 .40 147 0,68
Fat 5.850 98 0.58
Spleen 10.88C 94 0,57
Tumor {(liver) 1.97 71 0.4
Heart 1o 40 70 0,42
Ovary (1.) 1,975 63 0038
L. Node {abd.) 1.52 48 G.29
Inteatines {small) 3.40 45 0.27
Intestines {largse) 6,87 43 0.26
Muscie {striated) 15.32 40 0.24
Blood {(heart cliot) 1.838 o2 0.13

% = cts/gram fouad & cb
throughout the bedy.
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5., Summary and Suggestions

A brlef survey of the method employed In the detectlon
of plutonium in humens hes been given with emwphasia on the
method now bsing used to survey the persomnnal of the Metal-
lurgical Laboratory. The information may be of velue to any
orgenization contemplating the ase of plutonium,

There are ssveral important factors brief{ly mentioned in
the text which must be constidered in order that s laboratory
may effsctively detect very smail amounts of plutonium:

(1) %hne specimen, urine or feces, must be collaeted
under conditions where there is very 1littls chance of con-
tamination. *Yhis is probably done by:

. (2) Having the individual rcsmove &1l garments
possibly exposged to rlutonium,

(b} Thoroughly clesnsinz himself

{c} Using uwnconbtaminated vassels for collecting the
apecimen, and

{d) Kesping the specilmen out of contaminated arsas.

{2) The analyticul leboratory should be remots Irom all
contaminated zreas,

{(3) The air entering tnis ltcboratory should be {ilisred.

{4} The analyst should net be alloved to wear sitreel
clothes im The laboratory asnd should bs regulirad to ¢lsanse
himself thoroughly before eatering, and the clothing should be
changed.

{5) Continued control analyses should be made.
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{6) Repeated use of collecting vessels should bs
avolded. 4if these factors and other minor poelnis are
adhered to, any positive rssults that are obtained should

carry conslderable weipht,
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