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e Introduciklaon

Pollowing t

(

1e ilscovery of plutonium, the determinaticn
of 1ts n0lf 1ife as 24,300 yvoears, and thie I'sct that the
material is alpha wciive, 1{ bocame obwlous that elsborate
precautions’were negessary if the worker wus to be protected
from harm, Ixpeclence in the radiuwm industry had indicated
clearly that very small smounts of the radlum slement ce-
posited in the body were capable ol producling serious
illneen or death, Az = result of these conslderations, the
conditions under wnlch plutoniwa lsg handled 1n the labor-
atory have been ringed about with elatorale protsctive

regulations and devices.

of plubtondium in the Individugl worker. Animal cxpsrimone
tation indicated that the plutoniwn conternt of the urine
and Tfeces would ne z ussiul gulds to She total amount of

plutonium in the bLouy. Lt was deelded bo use urine ior tha

5
M . iR 3 3. Fe & - e
routine determinatl oa*O) nrimarily bscauss of the greaiter
eare in nandling urine szmplios, Az will Lo discussad

Fal

below, Lt appesars that in hurans the amount of plutonium
xereted per day is gsreater in fthe urine than In the Tecocs.

Iaitislliy, a tontatlvs maximun permissible body cone

e

of plutonium wes established on an arcitrery basi
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weignt for weirbt, should bs spproximately one-~fiftieth

as toxle as radlum. Since ihc tolerance amount of radium

L5

1

n thie body, the

s

cererally accepted as 0,1 microgram

b

plutoniuwa tolerance value wes Initially set at 5.0 microrrams

<,

in the body.

In order that one micght estimate the plutonium corient

of' the vody through znslysls ol tiae urdne, it wos necessary

o

first to establish the cxeretlon rate., [Preliminary experie

(1)

i

menta with rabbits indicabed that after the first two

or thirec weeks cof plutonium intak:

(b
3>
ko
i
O
f
B
[
[¢]
s
&
O
C
et}
F,

O

H

that retained in the btody 1g excreted in a 24=hour urines

Ty
i

specimen. Many cxecretlon exoeriments with other anlmals

and man have. shown that thiz is nearly the corrsct valiue
for the sube=acutc exeretlion rate. iHerent work discussed

»

elsewhere indil

cates that this [irure may be greater tnad

the true excretion rate of plubonlum wnich has bLeen in the

N

body for a2 year or movre., It L1e porsible that the figure of
0,01% may have *¢ be reduced in the Mture.

If 5 micrograns is to be the body threshold, acad 0.01%
excretion is assumed, then wnalvticel procedures capable o
detectin 23 alpha counts per afinute {plutenium} in =
24-hour urine specimen, or 2 counts psr minute in g 100 ml

.

specimen should be azdequate, /An e

[N

sorpbtion procedure,
descrived later, was dosigned specifically to acsay 100 wil
specimens. Any specimen shwowing less than 2 alpha countis

" .2 . . . -4 - RO R SPVRLA 1 - T, N . Sy
r minute wa2g rot considered sieniflzant. This srocadurse



L

served its purpose well. However, when it became avnarent
that tne factor o fifty between radium and plutonium
toxicity was toc high, 1t wrs ovident the method was nob
sufficlently sensltive, Compsrative toxicity studies with
thesctwo elements showed that o ractor of ten would be
much safer and therefore the plutonium tolarance threshold
vias lowered to one microszram.

If the tolerance threshold is 1.0 microsrsa:, the ana-
lytical procedurc should deteact at least 0.2 micrograms in
the body, therefore 0.2 x 104 microgram in a 24-hour urine
spocimen would be signifiecant. Since the average urine cpece
imen wused 1In Chicago is approximately 1/3 of a 24-hour
sample, the method must then be sufficient to detect 0.7 x
10=° micragranm or 0.4 alpha counts pez ninubte of plutonium.
Smaller samples present an even morc difficult problem. |

The problem of detecting such small cuantities of
plutonium was mainly onc to be solvsed by the developuent of
adequate counters., Dr. Jesse and assoclataes have produced
counters with backgrcunds of less then 0,1 count per minute,
wWith such counters 0.2 counts per nminute can ve detected
with falr accuracy. Counting times are long, ol course.

It should be vointed ou- .hat contaminatlon is cne of
the greatest scurces of error in the determination of low
alpha activity. This will be borne out very clearly in
the results of the survcy of project perscnnel. It is

necessary that collection, handling gnd assayins cf the

11002179
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urine 5= carried cut under "sterile® conditlonse

It is the purpose of this chapter to nresent a detailed
description of the methods used in ths detectlion of plu-
tontum in humans and to briefly discuss the results. In
clusing, supggestions sre given ilor the establishment an
operation of a laboratory for the detection of plutonium
in individuals vorking with or in are:ss contaminated by the

eclement.

2. bstimation of Plutonium in the Body

2,1 Methods of Urine Analysis? A survey of the snalytlceal

methods for piutonium used by the chemistry dilvlision re-

G

vealed that with certaln mcdifications some of these mignt
De used to sssay urine. A direet ianthanum fluceride pre-
cinitation from a smell wolume of acidified urine 1s

-

quate for many purposes. Whore the volume is 1

0

)
jon)
Q

e and

o

the concentration of plutonium 1ic oxczedingly small, such
a meitiod is not applicable as too larze a quantity of
Tanthanum is required., Ina ddition, certain s alts in the
urine may cause difficulty.

In the development of anzlytical methods s>plicable to
urine analysis the time clement as well as Manpower reguirce
ments to assay a given number of samples werc considered, 1%
was f elt that an adsorption procedurc would offer the greate
ast possibility of routlnely pssaryine doily the larges?t

number of speclmens with a minipum of personnel., As WS



mentioned in the introduction the method developed was
applicable only to 100 ml ol urine. +“hen larger volumes
were uscd, dilfficultics were encountered,

The Tollowing section is devoted to bricf description
of some of the methods which have been tested. A detailed
outline of the method finally adopted iIs given.

The adsorptlon procedursa. In tac development of a

process for the extraction of plutonium from uranyl

nitrate soluitlons, G. 1. Boyd(z) and sszsociates found that
the Amberlite Resin IE-1 showed & sironr tendency to adsorbd
vlutonium. That this same resin could be used to concen=
trate the‘plutonium also was snown. It was thought that a
similer procedurs could be adapted to the removal of plu=-
tonium from urine., The procedure consistid essentially of
dilutine o 100 ml urine speciwmen with 50 ml of G.Jo H
hydrochloric acid and sereolatineg this solutlon throuch &

~

glass colunn containing 2.5 grams ol the Iit-l resin. Over

95% of the plutonium contalned in the nprine is adsorbed along
with some of the inorgenic cations and organic material.

ine mdsorbed plutonium is washed [rce of the olLher adsorbed
materials by porcolating 150 ml ol =2 0.5 ¥ hydrochloric acid
solution tnrough the column, Complete desorption of the
plutonium is obtained with a & ¥ hydrochloric acid elutriant,.

A 5 ml holdup is discarded and s 50 ml fraction 1s collected

which conbtains about 85% of the adsovhed plutonium, This
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solution may be svaporatea to 1 ml sne itraaslerrsu to a

~

rben

[l
[

platinun plate Tor counting. Repeated use of the ads
causes accumulation of some organic maeterial which decresses
the adsorption of plutonium. In the cevslopment of an
adscrption procedure for assaying larze volumes of urine
(1000 ml} Schubert{3) has shown that =n slcchol wash between
cycles will climinate this decrease in adsorptive capacltye.
There were 1048 individual speciniens analyzed by this
or & modification of this adsorption procedure., 85% of all
the experimental tests showed better than 80% recovery of
the plutonium. The method as applied to tlie routine survey
of persounel was valuable only in detecting the presence of

r

prroximately 5 mlcrograms in the todye.

3]

hs selvent extraction

2

Soivent extrsction nrocedures,

pProceULres are meiltiovnod here mainly oocause bhey arc vslng
us2ed by other sites for the routine determination of plu-
tonium in arine. W, Langhamﬁé) at Los Alamos, hss applied
the cunferron~chlorcform sxtractlon procedure developod DY
¢. Cowan'®) ror assayine uranyl nitrate solutions for plu-
tonium. K. G. Scottgﬁ} at Berkelsy hes developsd an sitirsce
tion procedure making use o & bengena solution of
thiopnsnyltrifluoracetone (I.%.4i.) In our tests on these
procedurss, the reccvery of plutonium has been above 8056
In blank tests we have alweys found some alpha activity which

ssems to be due itc lsnthanum impurities.



(4)

The cupfsrrcen=chloroform msthod. The organic

constituents of urine prohlblt the direc’t extraction of

plutonivm into an immiscible sclvent, Preliminary te the

‘,h

extracticn 1t Is necescary to either ash the urine or ca ey
out a prelimiasry precinitation. It was found advisaeble to
use & combination ol voltli, sfter asalny, tae residuc is
dissolved in dilute hydrochloric acid. @alclum phosphate is
preclipltated Dy neutrsliznticn of the solution with concen=
trated ammonium hydroxide, 7The precipitate which contains

the plutonium is dlssolve

I:U
e
~
[aw]

# hydrochloric acid, 1 mg of

.

Pe*d in 0.2 M hydrochloric 1s added end the solution

)
o

}J\I
¢!

neutralized to a oIl slishtly below that reguired to precipe

he iron, The plutoniwm is somplexed by adding 1.5 ml

o+

itate

of & &% ajueous solution of cuplerron. ‘The plutoniuwm is
then extracted with 2 ml portlicuz of chlercform until the

last portlon is colorlsss., The solvent 1s removed Ly evape

oration, the orgenic matier destroyed withn nitric and ner-

chloric acids and & lanthanmy fluvoride precipitation carried
out on a sclution of the residue. Thisz procodure may well

have been alisred rocently. sowsvoe, Lhu vgsentlal estures
are the same.

The TeT.A. Procedurs(6l, This method 1s unigua  in

that the final deposit on the pluatinum plate contalns no

visible sollds which wonld reduce fthe slvha count by
- {123 .
absorption., The vrocedure T ag adopted Feor use at Hanford

1 riven in detail here,
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10,

11,

r\
e

13,

14.

15.
16,

17.

18,

1100224

Place the sample in a2 two liter Erlenmayer (or beaker,)
snd cvaporate to drynsss in an oven 2t 160-200°(,

D

Take up the regid in 100 m1l of 8 N nitric acid,

~
N

Heat this mixture in

" for 30~60 ninu es until
the rcsidue on the sides

beakcr is washed down.

Transfer the acid mixture $o a small (100250 ml) bealker.
The size of this beaksr depends upon the size of the
muffle furnace available for step 6,

Lvaporate the acid to éryness in the oven,

Place the beaker in s muffle furnzce at 575°C. until the
residue becomos white or only slight.y grsy. A consid-
erable smount of ures may be present ¢5 this statec.

Dissclve the residue in 100 ml of a solution 2 N in
nitric acid and O.1 ¥ in hydroxylamine hydrochloride.
Transfer the solution to two 100 ml centrifluge tubes

(50 ml1 of solution to erch.,)

- . LI oy
Add two ml of lanthanum nilirate soiution (20 mg Le™ 7 Gal)
to sach nentrifuss -

ddd 10 ml of 12 N hydrciluoric acld to sach tube and stir,
Allow tubes to stand Jor five mlnutes,

Centrlfuge at 2000 RPN for five minutes,

break uwp cakes in

the bettom of the centelifuge tubes and
wash well wlth 10=20 mi of

1 hydreiluoric acid.
Centrifuge at 2000 B Zor five minutes.
Decant wash liquor.

Dissolve the precipitates in a total of 50 ml of aluminum
¢

nitrate solution, mcanwhile transfercrin;; all ol ithwe solu-
tion to one tube. Aluminum nitrazte solution contains 3
pounds of hydrated alumlnum nitrate 31 ssolved in 195 ml
of 2 N nitric aci¢ snd then diluted v o total of 1940 ml

of solution.

AZd 0.25 ml of sodiwa nitrite solutlon. (12 grams of
sodium nitrite in 100 co >f water. )



29,
30.

51,

20 d/m of Pu have bcen carricd from step 2 %o
V;el
approximately 90% yield with falr cons 'snen :y alte

Allow solution to stand l'or 15 minutes

Pour soclution into 100 ml separatory runnel,

Add 10 ml of T.T.A.
of benzene)

solution. {5 =rams of T.T.4. in

Sheke for 10 minutses

Allow benzene to separate from the water layer,

Seperate the water layer and

.nsh benzenc layer twice

Add 10 ml of 8 N nitric acid.

Sheaeke for 10 minutes

Evasorate nitric acid layer on 1=if incn
or stainliess steel plate.

diasmetoer

Mm

placinus

wash T.T.A. and Tunnel with 2-3 cc of distilled water,

Lveporate wast

ol
ot
jag
ct

i
Ty
§oe
3
|‘7\
v

’ . 3 ) N 2 . 1
Count the plate for alphe snarticles,
Ny

wxneprimental fteosts. A nunber

of samples splik:
h'cr

L]

of the extr action process., +hevo

St [\:_Lf..; Ll?

operator has had a little experience in handling Bams

Blanks (no Plutonium present) have given less than 0,2 c/m
P 2

even though the lanthanum used was ontaniJanbc witn some

alpha emitting
L&+++O

80% with slisht alpha co

contamination is nc*

material to the extent of 30 d/m per 40 wg of

1

A few tests at Chicago have shown a minimum recovasry of

" » N - e . FE I 1
ntanination. Tne =asource of Thals

Kknown,

Precipitation metnods of Analysis.

wnich when precipltated ia the presence of plutonium will 2c¢%

as a suitable

1100225
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1s precipitated with an anior which forms an insoluble
compound with plutcenium. IMost of these carriers ares not
sultable for plutonium analysis simply becsuse cf the

amount recuired for quantitative carrying. Lanthanum, which
forms an Insoluble fluoride is by far the most useful
analytical carrier of plutonium. Because cther lons which
also form insoluble fluorides are 2lso prescnt in urine,

a direct ianthanum fluoride precipitation is not satisfoc-

tory for analytical purpos

o]

s Often double precipitations

are r esorted to. For example, plutoniwm is »recinitstsed with

zirconium vhosphate which sepazrates 1t rom the bulk of the

salts, The plutonium 1s then separated from the zirconiwn

by a lanthanum fluoride precipitation, The principls is =
cseful one, and forms the basis Tor the final procedure

orted.,

The bismuth vhcespnate-1lanthanum fluocrid

[ON
43}
{9
'3
[&]
[¢]
[0}
o
5
H
[}
»

Plutcecnium may be extrzcted from the urine in elther of two

ways using o bismuth phosphate preclpitation. The use of

unashed urine was found to be guite time-conzsunmlos snd reoguired

considerable equipment and manpower. 7“5 was pointed out by
K. 9. Heott, ashing the urine prior to anaiysis would melke
for much more reliable results,

The urine specimsan commonly 1000 ml, thousgh not limited

~
bed

to this volume, is acidfied witnh 100 ml of concentrated nit;

acid which was previously used for wosning out the coll-ck

[

vessel. Thig washins is essential since it nios been sniowm

F10022+



that adsorption of plutonium by glass from a natural urine

fota

soiution is gilte high. 'he specimen is then evaporated to

near dryness on a medium temverature hot plate. TGhe organic
matter 1s destroyed with successive nliric acid treatmonts

accompanlied by heat. when the ashing is complete, as evi-
camed by the white resldue, the sample is dried at a low
temperasure for about an hour.

X

. S P - L
2 ml ol concenbrated

[
peov
.y
[§
=
[
ot

The residcue is now acidiii-

insure saturation. It is then diczolved in 35 ml of water

and transferred to s 50 ml tapered centriifuse tuve. Any ine-
soluble residue is centrifugzed out and the supernate trans—
ferred o a 90 ml pyrex centrifuse tube., The ashing cone
tainer 1s wasnoed out with 1wl of nitrie seld and 2 ad o
«ater., dhis golution is teansferrced to too 80 2l conbtrifure
tupe, thorourhly mixed wlth sny residue preseunt, contriiug
and the supernate added to the sclution in the 90 wl centri-

fuge tube. The solution in the 30 ml tube is then dlluted

Thne solution is allewed to stand at leest 20 minutes Tor
reduction of the plutonium,.

The tube 1s suspended in g woteoce bath at approximaiely

jede

75°C, and stirred rmechanicslly durine the adiltion of U.l
cram o0 bigmuth from 2 atock solution centainius U.1 oronm
Bi*Y per wl o 10 ¥ nitric acid. «lth continuous sbtirpeing,

- : Lo , Wt 20 1 5
Yy IS it MYAT SRS L: Ty e W - 1 ISRe L
L wl or concentretoed nhcsphoric neid 1s addo

1100227
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with

12,

of approximately 5 minutes. The sclution is allowed to

direst for one hour at the clevated temn the

craturc.

end of this periou the prucipitate is allow Lo setile and
the rtulk of the supernate is removeod. 1ho resicdus i than

1,

n

\J\'!

it

a

washed vater into 15 ml pyrex centrifuge tube anc

£

centrifuged; the supernate being discarded. 'The 90 wl tube

is washed with two 2 ml pertions ord

‘..,

vyaroch sold

~
o s

the

To dilsgolve

lesmuthnn phosphate vpreci

The nyurocuolopric

cater, 0,25 my

ke
3
]
o

e

e

| d

increase
fugation
carded.

a Uew drecps of 5 1 nitric

plate soeut two inches in

. 4
Ms e

temperature hot Tt er:

nlate. Lare [oXs] att

. . .
Y e

nc centrLiiunc

e

iz

of the mate 1. 1 Taung

=

.

with small portions of scild and tive we

the pletinuwn plate wna eveporaited

—

&)

ing



dried, the plate £1lamed and counted.

This preoipitation proceiure Was ndopbed as the 1€ Bod
to be used to poutinaly enalyze urine Tor proatonium oY 28¥-
ral reasons; (a) experimental tegts by verlous tecninlcians

showed tnet over 90k of the plutonium adGa bo o 1000 nl
urine specimen could be pecovered and that tae povnroducibile
ity in tuals range was over 9s%, (b) that large volwnes of
urine could be sasily snalyred, (c] that the pethod would
lend itselfl to routine operations. and (4) that tas method
does not depend on cerbaln constiiuonis o” urine for 148
proper functioning.

Sincs the concentration of piutoniva 13 extramsly Low

-'3'3 0.. - P T
(of the order 10=1% grams) it Tons connthng
periods oe used to obtaln rest hs Yhat are fienant.  TLLT

samples are counted for a miniman of thiee hours LD

two=hour background connt on a placinid 18t Coptrrl gua led

-
R

ape usually counted for three nours pricy

p]
by
e}
( Y
e
&)
b
>
\

Wnere appreciable activity is found in n smmple, TS olate
is counted on several counbers %o climinate tne uneasia
of improper functioning of a single coum. "Te

2,2 Methods of Focal Analysic: Taere 2.0 ey pur Knowledft

no satisfactory analytical p¥ ecsdures oy whalch
cations are removed from untreated Tecase ame guenbliative

methods for the detection of olutonlua in foeos would involve
some preliminary teeatment ol the paterial. Since the o

constituents will vary wltn ne dlob 30 would appesr ihat many

11002249



uncertainties would be present in a procedure where a solution
of the naturel speccimen ls assayed. Thougn a few spoclmens

th better than §0%

Lde
h

of this nature have bheen snalysad w
recovery of the plutonium, many undeslravle festures were

Ieg

encountered which nead aot be enumerated. <Yhe problem of
fecal analysis then resnlves itself into aevising sultable
means for removing the crganic metter from the sample. This
1 probebly best accomplished by ashing.

el

Wwet ashines. Wet ashing of Tecces czn ve accomslished by

agigesting the sample at elevated

4]

mperatures with oxidizing

acids such sulfuric erchloric, d nitric. For the purpose
5 ks s

0]
o]

of plutonium analysis, aitric a:id seems the most desirable.

However, with this acid it is dirficult to coupletely destroy
all of the organic matter. Yests for plutonium recovery from
nitric acld ashed feces have seen erratic

irl

incomplete asuing. he use cof auxllliery oxidarfs, such as
superoxol, have made for better recovery. wet ashing under
these conditicns 1s quite time=-consuming.

Dry z-hing. Dry ashing coasists of destroying the

organic matter by heating the samuole at high t emperatuces,.
Considerable losses of zlutonium have beern experienced in
this procedure :iue to penctration of the vlutenium into the
walls of the sshing vessel., Uhen preliminary drylng is
empioyed and the sam:le is separated from the walls of the
ashing vessel with Tilter papsr, such losses are avoided,

Another difi’iculty is encountered due to & large insoluble

1100230



residue which at times contalns considerable plutonium.

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

Method for ashing feces {or plutonium analysis. %The Tecal

specinmen contained in a Sealrite carton is dried at 1100C, for
24 hours or until the samsle is brittle. The specimen 1s then
sransferred to a porcelain crucible which 1is lined with filter
paper ani ignited at 550-800°C. for 24 hours. After cooling,
the ash is treated twice with fuming nitric acid end evaporated
to dryness. Tne residue is dissolved 1n & minimel amount of
hot * M nitric acid, heated for a short whilc and centrifuged.
The remaining residue is weshed with more hot 6 M nitric acld
and centrifuged. The supernates are combined and diluted to
1ol = 1.2 6t in nitric acid,

The plutonium is nowv reduced by adding 2 ml of a saturated
solution of 50, and allowing to stand at least 20 minutes. The
bismuth phosphate preciplitation which fbllowé is identicsl to
that described for urine analysls. In the experimental tests
that have been carried out the recovery of plutonium has been
about 80%., Thls compares favorsbly with recoveries obtained
by the T.1.A. and cupferron procedures.

It was felt that the personnel involved in a routine

_ g o £ ) ;_._Eﬁmi_, 7 4 N . T S S -

E——

7 ]




may be of value in specific cases, however., This is particu»
larly true if the guestlion of inmestion can be eliminated.
Under such condlitions the azmount in the feces represents either
material excreted by the bowel or coughed up from the lungs.

It may well be possible to ¢uin an idea of ithe amount of
plutonium in the lungs by study of the amount in the stools,
under ideal conditions,

2.3 Methods for the Analysis of Tissues: The sudden demand

for determining the conceniration of plutonium in a large
number of animal tissues made it nccessary that a method of
analysls te adopted with the minimum amount of experimental
background. It was fortunate that the concentration of plu-
tonium in these tissues, mostly fromr ats and mice, was suf-
ficisntly hipgh that dirsct counts could be mede and compared
with the precipitation or extraction procedure adopted. The
solution of the ashed tissue contained only small amounts of
inorganic salts snd 1little difficulty was encountered in
mekine a direct lanthan'ym fluoride precipltation; the method
.gave 85/ recovary. When lower concentrations of plutonium in
large specimens were subsequently cncounterzd 1t was ovvious
that such a method could not be used.

(7)

R. ‘Zbram modified the =irconium phosphate«lanthanum
fluoride procedure developed by G. b. Boyd(s)and assoclates,
to sssay small samples, mostly fromrats esnd mice. This

method was shown to glve an average of 85% recovery, though

various tochnicisns have roported much higher and lower results.
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This procedure has been used to assay human tissues, however,
parallel tests were made with r abbit tissues containing an
equivalent amount of ash rer ml which showed only 8609% recovery
of the plutonlum. In another case involving hwman tissues,(g}
a direct lanthamum fluorlide precipitation was used. This was
possible since only soft tissues were assayed and thecalcium
content of the ssh was small, It 1s obvious that neither of

thene procedures 1s 2 sultable method for assaying large amounts

iy

Q

tissue contalning extremely small amounts of plutonium.

One of the main difTicultles which was encountered in the
development of a proceadure for nssaying tissues was obtaining
complete solution of the zshed residue. In the case of liver
samplas the residue remalining after ashing contained as much
&s 30% of the plutonium. It was found that -he emount of
residue 1s reduced considerably if the speclmen 1s not heated
%o dryness after a pecroxlde trzatment. Supsroxol is generally
vsed in the ashing ol tissues,

M. D. Taylor{10) spent considerable effort in devising
means of ashlng tissues which would give elther a residue
completely soluble in dilute nitric sacld or leave a residue
which did not contain any of the plutonium. One method usiag
ammonium nitrate was guite satisfactory from the standpoint of
solution of the ash but was rathsr hazardous. The method

finally adopted made use of fuming nitric acid.

The tissue specimen is completely dricd at 1109C for 24 to

Y]

transferred to

(=5
&2}

48 heoure and

1100233

2 kleldahld flesk sand heated

i



slterrately with small portlons of fuming nitric acid and
superoxol untll a completely white residue is obtained. 1t 1s
sssertlial bo svoid vigorous heating o the residue as etchling
AF the vessel will occur. The sample 1s then difficult to
~emove. when ashing is complete the residue is dricd over a
yery low flame for a saort whiie snd then allowed to coolo
"he resiius is warmed with 3 ml of coucentrated nitric acid,
Ailuted to 25 ml and treasferred 1o =& 50 ml c entrifuge tube.
The cldes of ths kjeldakl flask are washed down with & ml of
soncentrated nitric scld, This is washed inteo the 50 mi
sentrifuzs tube with 17 ml of water. I1{ any residuse 1s present,
it 1w centrifuzed out and the gunernate transferred to a 20 ml
sentrluze tubs and diluted to 50 mi. The vlutonium Is reduced
>y allowlng to s tand 2C minutes after the additlon of 2 wml of

saturated SOg5 waters The pilemuth vphosphate-lanthanum {luorlds
arocedure described above 1g ¢0llowed. This preocedure 1z
applicable to a 7d gram bone specimen or to approximately &
100 gram sof®t tlssus spoecimen. Ynen lerger samples are to be
assayed, proportional Increass in the resgents require’ to
digsolve the ash is accessary. Lguivelent amounts a»f blamuth
are required but the final spount of lsnthanum used need not
exceod 0.5 1ug.

‘Experiments have shown thabt better than 90% of the plu-

toniwa can ba zopresipliated with Do5 mg lanthanum as the

fluoride from a 5 M hydrochlorlc actd solution coataining 1
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gram ei tismuta in 15 ml ef sclutlom. washing of the lanthanum
“luoride prescipitate with & hydrochloric-hydrofluoric acld
mixture 1s necessary to sliminate the bismuth from the precip-
itate only where the maximum emount of bismuth iz used. This
nethod ne23 been applled to human tlssuss to which known
amounts »f plubonium were added and the recovery has been
above 88% in all cases.

3. Results e the Routine Urine Surveys
3,1 Chicsgo: The resulis which were obtained on the personnel
of the Metallurglcal Laboratory may be divided into Bwo groups:
{1) results obtained with IR-1 edsorption procedure, and (2)
ragults obtalned by employing the bismuth phosphate-lanthanum
fluoride vrocedure., In Group I the results are further divided
inte three groups: (1) those cbtainsd during the perlod
august, 1944 to October, 1944, {(2) bstwsen Lesober, 1944 and
April, 1945, and (3} between tpril, 1545 and October, 1945,
The Creup II results were all obtained under identical condle
tions., The division of Group { results is on the basis of
chanzes in elther the procedurse of annlyzic, wathod of semple
collections, shiftin~z of laboratory eguipment, or changes in
equipment. The results in Group I have one thing in common,
they are 211 on the basis of anslysis of 100 ml urine speclmens,.

Group I Rasults., August, 1944-0October, 1944: During

this »veriod it was not realizsd thai working in contaminated

areas would be szuch a seriocus factor. =re elal care was taken
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to see that all apparatus was free of alpha contamination.
During this period 222 individusl urine specimens were analysed.
Nearly 60% indicated a body content of plutonium greater than
5 micrograms, 30% between 1 and 5 micrograms and the remainder
iess than 1 mlecrogram. 1t was reco:nized that adjacent rooms
in which large quantitles of alpha-active substances were
handled contributed grsatly tc the abnormally high results.
This was guite clearly demonstrated when a solutlion ccntaining
plutonium was spllled in the adjacent laboratory and the
snalytical results on the urines became abnormally high. In
order to avoid a recurrsnce of such contamination, the ang=-
lytical lad was moved to another site whors 1little plutonium
was handled in nearby rooms.

Octcber, 1944 - April, 1945. During this period 628

individual urine speclimens were analysed. 1% indicated a body
content of over 5 microgrsms of plutonium, 25% between 1 and

5 mlcrogrems and the remalnder less than 1 microgram. This
tremendous drop in the overall azctivity cof the speclmens
indicated very clearly thst extreme care must be talien to
avold contamination 1f =ny significams is to be attached to
the results. Inadditlonto avoiding contemination in the
analysls area it was fcund that very speclal care should be
exercised by the individusl in collecting the sample, work

at Los Alamos showed this very clearly,
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April, 1945 = October, 194E. It was during thls perlod
shet further efforts were mad: to minimize contamination.
Definite procedures for collecting and handling the specimens
were adopted. In the 208 individual spsclmens analysed, less
than 1% showed a body content of greater than 1 microgram,

13% between 0.,2=1 microgram and the remainder below 0.2 micro=
gram. Ten of the specimens that were analysed were discarded
us having been definitely contaminated. The incident occurred
when several milligrams of plutonium {cxide powder) was trans~
norted in the hall by the analytical laboratory personneio

The results obtained on that day were exceedingly high.

Group II nesults. It became apparent during the above

periods that four thingss must be done {or accurate and signif-
icant urire analysis. (1) An 1sclated laboratory free of alphs
contamination must be provided for the analysis,
(2) The snalytical method must he altered so that large
volumes of urine could be routinely assayed,
{(3) Alpha counting instruments must be provided capable
of detecting 0.1 alpha count per minute,
{4) Very definite rules of collecting and handling the

specimens must be followed.

As a compromise some of the rooms in the south end of the
New Chemistry Annex were renovated to mest 28 nearly as

possible the specifications of & noneccntaminated and i1solated
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laboratory. In November, 1945, routine analysis of the urines
began as nearly s possible under the condltions as outlined
above. 'As of PFebruary 1, 1945, 216 individusl urine specimens
have been analysed. Less thun 1% nhave indicated a body content
of plutonium greater than 0.4 microgram, <.5% between 0,1-0.4
microgram and the remainder le s than 0,1 microgram. Twelve
controls of 1000 ml each were run wnich showed as a maximum &
body content of 0.02 microgram, assuming the activity to be
from plutonium. This may be regarded as the lower 1limit of
sensitivity of the method as described abova,

3.2 GClinton Laboratoriecs: Durlng the one-year period ending

February, 1945, 325 urine specimens from the Clinton lLabora-
tories were assayed for plutoniums These specimens represent
only a small grour of persons weorking under Dr. 5. G. Eaglish.
As in the case of the Calcago survey, the specimens are grouped
according to certain changes which were made in the analyticel
procedure or changes In the conditions of analysis.

Group I Results. This group consists of the first 178

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

anion cxchange resin, [(R-4, by shsking in contact with the resin
for several hours., ‘he plutonlum was then eluted from the

resin with 6 M hydrcchloric acid., +Plutonium was coprecipitated

wish lanthanum fluoride and counted 1n the usual manners,
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The results of the firat 118 specimens were complicated
by the fact that s lanthanum blank was not used in the backe
ground determlnations. Over $5% of these specimens showed an
estimated body ccontent above 0.2 microgram, the average belng
1°12 micrograms. This is obvlously due to a lpha contamlnants
in the lanthanum as well as pc¢ssible contamination from the
gource of collsction.

The source of the elpha sctivity in the varlous specimens
ol lanthanum has not been determined. Some samples have been
found to contain as much as 1.6 alpha counts per minute per
mllligram. This activity 1s coprscipltated with lanthanum
fluoride, and is partizlly extracted from lanthanum solutions
with chloroform when complexed with cupferron. +n general,
the alphsa sctivity a ssoclated with lantharnum will follow
plutonium in the lowsr oxidation state. It ls of Interest
that only a smsall fraction cif the activity 1s extracted with
nlutonlum into a benzene solution of thiophenyltriflucroacetone.

The aext 60 specimoeiis showed a decided decreasse in the
plutoniurt body content., From the sample count was subtracted
she background of a lanthanum blank., MNesrly 35% of the samples
showed negative results. & 1ittie more than 85% showed zero
or positive results. The averane estlmated body content, ex-
cluding the negative results, was 0.101 microgram.

Such a merked decrease, from 1.12 to 0.101, in the average

eatimated plutoniir. body content made 1t necessary that,
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(1) either an ahalytical method be deviied whereby plutonlium
weuld Ye free of lanthanum, or {2) that extreme care be taken
In the selection of the lanthsnum as a carrylng agent. In
addition, counters capable of Jetscting low alpha counts were
necessary. <Ths maximum counting time for the above samples
was 20 minutes., This is far from adequate to give signifi-
cant cowmts below 0.5 counts per minute,

Group II Results. 105 specimens are included in this

group. <he method of analysis as well as caunting time con-
stitute the major changes made. The urine was ashed according
to the procedure described previcusly. The residue was
dissolved iIn 0.1 M hydrochloric acld and the plutonium sxtracted
by the IR-~1 adsorption procedure,

Over 12% showed nsgative ccunts and the remalnder zereo
or positive results. Lxeluding the negatlve results, the
averasge estimated body content viag 0,036 microgram, which iz
sgaln a significant decrease,

In the preliminary tesats on the snalytical method used
nere, it was shown that about 80% of the plutonium was recovered.
However, later tests showed that the resulis were not consise
tent and that the rssults obiained may probebly be low.

Group II1 Hesults. 43 specimens are included in thils
group., The speclmens were assayed by ths bismuth phosrhate-
lanthanua fluoride procsdure uwnder condit.ons identical to

Group II Chicago samples. o0% showed negative counts which
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did met fall velow =U.1l coumtl per minute end 19» suowed sig-
A1ficant positive counts. Ageln axcluding the negative resuliis,
the average estimated body content was 0.063 micrograms, Thiyg
A8 nearly a two=fold Increzse ovar ths previous group, howevar,
1¥v was polnted out that the Groun II regults may be low.

1t should be emphasized here ithsat in the case of Group IX
Chicago and Group II1I Clinton results that frequent controls
were run. ihe results on the controls ranged from 0,01 %o
3,08 alpha counts per minute per 1000 ml of arine., =uch counts
are not significant but indicate that (1} the rsagents used
in the analyses do not contribute to contamiunation, (2) that
external contamlnation is reduced considerable, and (3) that
the consistency of the results con the controls would lend
weight to high res:lts cobtained on the specimens. VYUne conbtrol
nas spown a nigo count (V.4 cis/min.) No reamson can Le given

Tor this high result as a conirol run simultaneoudy was anorwal,

4. Lxperimental ShHhudies

determine the concentreitlior of & substance in the sxere
1ittle meanine unless this infovrmotion can be ussd to dster~
mine elther certaln b dy 7 nctionz or the amount of the sub-
stance In the body wk c¢h o ¥y be injurioud, ‘The lattsr 18 the

more important fector here as it will aflfc»d 2 means of detec-

r

ting a harmful subst:s 1ce, 1ore plubtonium, bofore 1t resches

toxic concentrations intl s body,
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It was previoysly mentioned that plutonium 1s eliminated
from the body in the urine at a falrly constant rete--the
rate being spproximately 0.01% per day. Thkis figure was pro=-
posed on the basis of some very preliminary excretlon studies
onrabbits(l)° Subsequent experiments on mice, rats, and
dogs showed that the excretlon rate may vary by a facier of
five in the different species(llz It was felt necessary to
establish lndependently the excretion rate ol huuans.

The fecal plutonium excretion, howsever, varied a8 much a3
a thousand fold from spccles %0 specles. This made it dirfi=-

cult to assign any rate for human fecal plutonium excretion.

4.1 Results of Humen Excretion Studies:

Urinary excrctlon of plutonium. Three experiments were

begun within a few weeks (one at Chicago) in which plutonium
was injected intc a human and the plutonium excreticn followed
daily. During the first 15 deys of the experiments there was
less than 10% difference betwsen the d 211y urinary plutonium
excretion of the individual studied by Dr. V. Langhsm and
associstes at Los Alemos and the individusl situndied by

Dpr, J, J. Nickson, E. R. Russsll and associates at Chicago.
The individual studied by Dr. J. G. Hamilton at Berksley
snowed & sligntly lower excretion but not by a factor of 2.
Following the initial period where a rapld decrsase in the
excretion rate is observed, there was a slight divergencs

in the resulta obtained from the thres subjects. The individusl
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gtudied at Los Alamos showed sn average daily excretion of
slightly less than 0,02%, the ons at Chlcago slightly above
Q.U1lk% and the individual at berkeley sliguitly less than
0,006%., These values persisted over a 100-day period. Since
these experiments were completed, two additional studles have
been made a2t Chicago. The excretion rate of one of these
indlviduals after the first two weeks has remailned between
0.010 and 0.015% per day. The other individual was not
availabls for further study after the 18th day.

In view of the fact that the majority of the urinary
plutonium excretion studies on humans have Indicated that
a sub-acute excrction rate of 0.01% per day 1s very nearly
correct, this value appears to be at this time a reasonable
one to use in determining the concentration ef plutonium in
the body of workers. It may be polnted out thet the urinary
nlutoniun excrotion of dogs(lﬁ) parallels that of man.

Fecal excretion of plutonlium., JIn additlon to following

the urinary cxcretion of plutonium Qf the wbove indivicduals,
the plutonium content of the dally fscal specimens was also
determined. It hass besen predlcted by several workers on the
basls of animal excretion studies, that the plutonium fecal
excretion rate would be greater than the urinary sxcrstlon
rate. It therefore appeared that stool determinatlons would
be easler to interprat. All of ths human studles that have

been made have falled to confirm thils thesis., Plutonium in
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a 24-hour fecal specimen 1s from £ to 4 times less than that
in a cerresponding 24=hour urine specimen.

The average daily fewal plutcnium excretion for the
four cases studled 1s 0.003% ranging from 0.001% to 0,006% of
that contained In the body., From ths dlfflcualtles encountered
in detecting 2 x 10~5 micrograma of plutonium, it would appesr
that surveys of psrsonnel througn fecal analysis wonld be

diificult,

4,2 Distributicon of Piutonium ‘n the Bodys The development

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

There have been many experiments invelving anlmals in
which plutonium was injscted and at some later date 1ts
distribution determined. The majorlty of these LHests have
shown that the liver, spleen, bone msrrow, and lymph nodss are
the principle sites of deposition. The sams gensral dlastribu-
tion has been found for the one fairly normal human which was
studied, The distribution data is glven in Table I. In

addition the distribution of plutonium in a female contalning
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approximately 90 microgramswas determined (see Table II.)

This individual had many abnormally functioning organs and

therefuyre the distribution may not be representative.

It 1s

interesting to note that sven under thesze conditions the mar-

row and bone are among the principle sites of deposltion.

Table I

Distributiom of Plutonium in a &6¢-ysar, Vhite Hale

{155 days after injection of 6.5 ug of pilutonium as the cltrate)

‘Tissue Grams of SA\Cts/gran #Relative
tissus of tlsgsue Affinity for
snalysed Plutonium

Marrow (rib) 0,8292 70.9 10,13

Liver 34,11 59.8 8,54

Steraum So 08 V.6 2,94

Reriosteunm 00,1215 26,0 2.86

3plean 32,12 11.1 1.59

‘Tfumor {lung) 2,03 74 1.06

GCancer Tlssue 2,87 7.2 1.03

Rib {cortex) 1.0125 7.0 1.00

L.Nodes (aorta) 0.63 6.7 0.96

Lung 15,39 2,6 0,37

Teaticle 4,3425 2.3 0.33

(glandular)

Kidney 27 A 1.7 0.2

HAeart 4.9435 1.2 0.17

Diaphragnm 35,73 1.0 0.14

Abdominal Fat 17,05 0.2 0,03

Bile 6 cc ? -

#* o= cts/gram fourd + cts/gfam assuming equal distributiom
throughout the body.
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Table II1

Distribution of Plutonium in a 54-year, Whlte Female

(16 days after injectlon of 94,91

g of plutonium citrate)

Tissue Crams of ={cts/cram #Relatlve
tlosus of tlasue Affinity for

N An.lvasd ‘ lutonium
Marrow (rib 0.2085 1299 8.49
4ib {coruex) C.430 1299 7.88
Callus and bone 0.1833 828 5.02
Callus (bone free) 0.262 534 3.17
Kidney 6,00 360 2.18
Thyrold 2,64 226 1.37
Contents

{lowsr bowel) 10.05 183 1.11
Liver 8,70 162 1.00
Pancrasas 6.045 148 0,90
Periosteum (rib) 0.46X 123 0,75
Lung 14.40 107 0.65
Fat 5.8560C 96 0,58
Spleen 10.850 94 0,57
Tumor (liver} 1.97 71 043
Heart 3 40 70 0.42
Ovary (1.) 1,975 63 0,38
L., Node {abd.) 1.53 48 0.28
Intestines (small) 3,40 45 0.27
Intestines {large) 6.87 43 0.26
Muscie (etriated) 15.32 40 0.24
Blood {(hesrt ciot) 1.838 22 0.13

# = cts/gram found 2 cts/

gran

throughout the boedy.
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5, Summary and Suggestions

A briefl survey of the method employed in the detectlon
of plutonium in humans has been given with emphaesis on the
method now belng used to survsy the personnel of the Metal-
lurgical Laboratory. The information may be of value to any
organization contemplating the use of plutonium,.

There are ssveral important factocrs briefly mentioned in
the text which must be considered in order that a laboratory
may effsctively detect very small amounts of plutoniums

(1) “he spscimem, urine or feces, must be collegted
under conditions where there is very 1llttle chance of con-

. tamination. 7This is probably dons by:

. (2) Having the individual eewove all garments
possibly exposed to plubtoniunm,

{p) Thoroughly cleansing himself

{c) Using uncontaminzted vessels for collecting the
specimen, and

{d) Keeping the specimen out of contaminated aresas.

(2) The analytical laboratory should be remotes Irom all
contaminated aress.

(3) The air entering this lesboratory should be [iltszred.

{4) The analyst should net be allovwed To wear street
clothes in the laborsatory and zhould be reguired to c¢cleanse
himself thoroughly before entering, and the clothlng should be
changed.

{5) Continued control analyses should be made.
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{6) Repeated use ¢f collecting vessels should be
avolded. if these factors and other minor polints are
adhered to, any positive results that are obtalned should

carry considerable weight,
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