yQAffwh; Y;iu4ﬂa¢L: s/l

Before reading this document, sign and date below:

Hzme . .Date . Ngme
—‘,'\'!U'-—

~ﬁ2 . ‘3;4;;. 721»/#2

1]
PR
t

\
,f_

4

. neostromy J0F - 4'//% /gﬁf - Lo |

FOR Haman Sy

" COUECTION CHE Al Fomum A0S

soxno. L oFR ’ o . '

FOLDER /0 ~005 =7

2T
" - L {3

-

- - 002021

B

- MUC-ERR~-209

i . This document consists of 3

‘pages and 0O figures.

»+ No._ypgof 50 coplesa.Series A .

HeV-4308%7

. 700241 - -
wp'y“ Date:  June 11, 1946 o
| SubjJect: Distributlion and Excretion of Plutonium
'fﬁi:;' " . Chepter VII, Volumo 20 h,'PPR
A By: ‘ E. R. Ruasoll and J. J. Nickaon. M.D.
To: '; o P é?i .

Date

o CLAsswaATiON CHANGED .

N{H CLASSIFIED

. Aut‘l lt éf 77/),/// -
: 40” 0

é;‘b XA -L s b J,-“,m% é

- b et OFA" Ruat .-1"‘ e TRl M. A, { .

—— fated 510 =t il
c B e S R o TR e
w:r:{

Py

or ﬂn N—»-.L, . —lt LR,
..La-‘un..n,.,fﬁ,, ——e T s R TR B

Uk s . Y_tornner i
A T FITRIL S S r w e EE W ar -



agf

——————————

)
o oe -

1, !

Acknowledgemént

.k
)y

It has baén difficult to givé credit to specifilc

individuals for their contributlods which are included in

this chapter. OSome bf;tha work wﬁs:déno u§ other sites &nd
privately communicated to us. : ‘ _ | |
Specifically, we are indabtg&'to.nr. vright Langham
and essociantes for information cohcorninx the cupferroh-‘
chloroform procedure, to Dr. K. G. Scott and hls ausociates
for the information on the hexone and T.T.A. extraction
proceaures aad to_ure a. D. iaylor,fir. L. E..ﬁotta,
¥r. D. Hovinson, Mr. Harold Delaney};M1ss J. A. Jackson,
Miss Cordelia Brown, and Miss hilaﬁalﬂonroe, all of our

group, for testine and working out most of the procedures.

i~ J., J. Nickson, M.D, -
i Tu. R. Russell '

ey

0002028

//\



. - a0

TR A e

P ITE rr cormtt. v 5,

2. Ratlmatlon of Plutonium in the Body

L mee a4 | '

@ -

i 94 . . _
’ i : . . Table of Contents

» O In rOdUChion ® L] L] [} [ ] L ] L] [ [ ] [ ) a e -0 L [ 4 ‘. ‘e e ® [ L ] ®

2,1 Methods of Urine Analysis . . .1... e 4.0 e
. The adsorption procedure ° . - .io e e o-o'o 0'._0 0'0
SOlvent extraction proccdures --o-o.o-i o.o~o e o o @

The cupferron-chloroform method « « « o « o + o o o
The T.T.A. procedure e o o & s o e o @ ° o & o o

Precipitation methods of Analysis « « ¢ « o ¢« o o « &

The bismuth phosphate~1anthanum fluoride procedure.

2.2 Methods cf Fecal Analysis

. ) . ) R
Wot AChinSO e 6 o @ e ©® o e e 2 e e @ e & o e o o o o

DI‘}' QShing [ - -: * L - L] . .~ [ ] - L] . .. L] L L] L . L
uethoc for asulny l'eces for’ plutud{;m anulysis . . .

2.3 Mothods for the Ninalyals of Tlasues . « « ¢ « ¢« =« &

3. Results of the Routine Urlne Surveys « « . & .-. « o o o
3.1 ChiCFgOo @ v o o6 o o © o o o 0 s o o:o~.‘. . e = .

Se2 Clinton Laboratoriﬂ' e o o & ® ® o e .;ho:o * o ; s o

4. Exgerimental Studles
4.1 Results of Human.Excretion Sfﬁdles T
Urinery excretion of plutonium . . . . e R
Fecnl excretion of plutoalum . . . . .:- . . e e e .
Distribution of plutc;niu:: 120 tho DOAT « o ¢ o « o o

o. Gummary and Suggestions . . . . e s .' c e e e e e e

: 0002029 | B —

.
O Q‘Q. ([« B &)



N

S

. -

1. In%-oduction

Following the diséovery'of plutonium, the determination

of 1ts halfl lire as 24,300 ycars,‘and the fact that the
materlial is alpha active, 1t bocame obvious that elrsborate

precautions were nccessary if the worker wes to be protected

rrom harm. ILxperlience 1n the radium tndustry had indicated

clearly that very small amounts of the radium element de—
posited 1n the body were c apable of producing serlous '

illnoss or doath. As a result of these consldoerations, the
conditions under which plutonium is handled 4in the labor-

atory have been rinped atout with elaborate protective
regulatidhs and devices. . ‘
-
In addition, however, 1t scemeq’highly desirable, if

nol ccrentlal, to know as precisely as possible the amount

of plutoniunm in the individual worker. Animal oxperimen-

tatfion indicnted that the plutonium content of the urine

and fecsas would be a useful pguidae to the total amount of
plutonium in the body. It wus decided to uso urine for the .
routine determination{(3} primarily because of the groeater

case In hundling urine samples. As will bo discussed

Lelow, it eppears that in numans the amount of plutonium

excreted por day 1s gjreater 1n the urince than in the fecos.
Initinlly, a tentative maximun permissible body con-

t:ut of plutonium was cstablished on nn arbitrary basls,

rrom purely physicel considerations 1% secmed that plutoniun,

-- 00022030
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welght for welsht, should be appro :imatoly one-fiftieth

as toxic as radium. Slnhﬁ the tolerancc ariount of radium

. _1is genorsally nccepted as 0 1 microgrmm in the body, the

plutonium tolerance value was igit;ally set at 5.0 microgram;
in the body. ' .

~ In order thet one mipht estimate the plutonium cortent '
of the body through enalysls of tbe'urine,‘it was nocessary
first to estnblish tho oxcretion rata._ Preliminary expori-
ments(l) with rabbits indicated that after the first two
or threc weeks of plutonium Lntake, approximately 0.01% of
that rotesined in the body is excreted in a 24=hour urine
spceeimene liany oxcrction experimcnté-with other animals
and man Hevc shown that this is neag}f the correct value
for thec sub-acutc excrction rate. Hecent work discussed

elsevhere indicates that this fipgure may be groater than

s

the true oxcrction rate of plutonium which has been in the
body for & ycar or more., It is po:sible ihat the figure of |
0.01% may have to be reduced in the future.

If 5 micrograms is to be the body threshold, and 0.01%
excrnt;on 1s essumod, then unalyticel procedures capable of
detncting 28 alpha counts per minute (plutonium) in =&
24-hour urino gpecimen, or 2 caunts per mlnute.in a3 100 mb
‘zpuclmcn should bo udequste. An cdcorption procedure,
doteriocd lator, was decipnoed specifically to assay.100 ml
3pocimons. Any speclmen shiowing less than 2 alpha counts

ver rilnute was not concldered sirnificant., This procedure

Topouz03 . | | -
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served its purpose well. . However,'uhen 1t became apparont

'that the factor of rifty betwcen redium and plutonium

toxicity was too high, 1t wos ovidont the method was not
surficiently seﬁsitive. \bomparative toxicity utudios with
theso tvo oelements ahowed that » Lactor of ten would be
much safer and therefore the plutonium tolerance threshold
~..ras lowered to one microgram. fri '

If the tolerance threshold is 1.0 microsran, the anan~
lytical procéduro'should detect at least 0.2 micrograms in
the body, therefore 0.2 x 10~% microgram in a 24-hour urine
specimen would be significant. OSince tha averape urinec spece
imen ?i:ﬁ in Chicago is approximate}y 1/6 of a 24-hour
sample, the methodvmuat then be sufficient to detect 0.7 x
10-9 micrugram or 0.4 alphs counts per minute of plutonium.
Smaller somplcs present an even more difficult problem.

The proovlem of detectins such small quantlitles of
plutonium waé mainly.onc to be solved by the development of
adequate counters. Dr. Jesse and“associates have produced
counters with backgrounds of lesé than 0.1 count per minute.
With such counters 0.2 counts pcr minute can uve deteccted
with falr sccuracy. Counting times are long, of courso.

It should be pointed ou-. .hat contamination 1s cno of
iie freulest scurces of error in the deterrination of low
ALV qusLTL e TREL- w3l e zormir oot W 2 REETAY i

tav rosults ol the survey of project personnel. 1t is -

Arcesaary that collectlon, hendlinm and assajine of the

T 5002032 : R
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urine 22 carried out under "sterile" conditlons.

It is the purpose of this chapter to present a detailed
description of the methods used in iheidetection.or plu-
tonium in humané and to briefly qisﬁuss.the results. In
clousiny, suggestlons are given foriﬁhe estublishment and

operatioq of a laboretory for the d

otection of plutonium
i . .

- 4n indlviduels workins with or in arees contamlnated by the

clement.

‘2. Lstimation of Plutonium in the DBody

2.1 Methods of Urind Analysis: A survey of the analytlical

-

methods for plutonium used by the chqyistry division rc-
vealed tqét with ce;tnin modificetions some of theose mipht

be used to assay urine. A direct lnd{;anum fluoride pre-

cipitation from a samall volume of acidifled

adequate for many purposos. where thcolume 1s large and

the concentration of plutonium is.cxceedingly small, such
a method 1s not applicable &8s too large a quantity of
lanthsnun 1s requlred. Ina dditioﬁ, certain s alts in the
urine may cause difficulty. |

In the dovclopmen} of" analytical methods zpnlicable to
urine anslysis the timn clement as well as manpower require-
ments to assay a plven number of semples werc considerod. It
vias Tolt thot an adsorptlon proceduroc would offer tho great-
ast poagibility of routlnely assayinp daily the largoest ..

number of spaclmens with e minilrum of porsonnol. Ag vas

0002033 - —



.
e i e it S et - "

o ———— 2
ca e —

It was previoysly mentioncd that plutonium is eliminated
from the body in the urine at a fairly constant rate--the
rate being approximately 0.01% per day.

posed 6n the baslis of some very preliminary excretion studies
onry abbits(l)

« Subsequent experiments on mice, rats, and
dogs showed that the excretion rate may vary by a factor of
five in the different species(llz It was felt necessary to

establish lnaependently the excretion rate of humans.

The fecal plutonium cxcretion, however, varlied as much as
a thousand fold from specles to species. Thls made it aLere-
cult to assign any rate for human fecal plutonium excretion.

. !
4.1 Results of Human Excretion Studiess
P b v

Urinary excrcotion of plutonium, _xﬁfee experiments werse
begun vithin a few weeks (one at Chicago) in which plutonium
was injected into a human end the plutoniwa excretion followed
dalily. During the first 15 days of the experimeﬁfs thero was
less than 107 difference between the d aily urinary plutonium-
excrotion of the individual studied by Dr. W. Langham end
associates at Los Alemos and the lndivlidual studled by

Dr, J. J. Nickson, E. R. Russell and associates at Chicego.
The individual studied by Dr. J. G, Hemilton at Berkeley

cuoded s

slizhily lower exzcrotion but nou by a factor of 2.
1lowing the initiasl period whore & rapld docrease 1ln the

nvers®lon rate 1a observed, thore was a slight dlvergence

in the results obtained from the three subjectas. The individual

0602034
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studied st Los Alamos showed an average daily excrstlion of
slightly less than 0,02%, the one at Chicago slightly above
0.012% and the individusl at kerkeley slightly less than

0.006%. These values persisted over n 100-day period.

‘these experiments were completed, two additional studies have

been made at Chicagb. The excretlion rate of one of these

individuasls after the first two weeks has romained betweon

0.010 end 0.015% per day. Tho othter individual was not

availeble for further study after the 16th day.

In view of the fact that the majority of the urinary

plutonium excretlon studies on humans haye indicated that

O

a aub—acuté.gxcrction ;ate of 0.01% per day is very nearly

correct, thls value appears to be &t thfgftime a reasonable

onc to use in determining the concentration of plutonium in

“hoe body of workers. It may be pointed out that the urinary

plutonium excrotion of dogs(13) parallels that of man,

Fecal excretion of plutonium, JIn addition to following

the urlnsry oxcretion of plutcnium of the above individuals,

the plutonium content of the cally fecal specimens was also

deterained. 1t has been predicted by several workers on the

vasis of animal excretion studlies, that the plutonium fecsal

ezcretion rate would be greater than the urinary excretion

rate. It therefore appeared that stool delerminations would

bo easlier to interpret. All of the human studies that have

beon made have failed to conflrm thils thesis. Plutonium in

0002035 | -~ —
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a 2é-hour lecal specimen 1s from 2 %o 4 times less than that

in a corresponding 24-hour urine specimen. .
The #verage daily feeal plutonium excretlon for the

four cases studied is.0.003% ranging from 0.00l% to 0.006% of

- that contalined in the body:. From the difTicultles encountered

'in detecting 2 x 10-5 mlcrogrems of plutonium, it would appear

tbat surveys of peraonnel through fecal analysis would be
dicse iculto

»

4,2 Distridbution qf Piutoniuwn in the Body:

Tha development . ‘!
and understanding of any satisfactory means of plutonium

theraspy 1s depandent upon a ¥nowledge aof tye distribution of
.

the element 1n the organism. Since nearly 90% of the pluton-

iun finding 1ts wey in the body in retainé’rthore for many

yecars 1t is vitally important that we week some means of

increasing the excretion rate. Tno first step in devising

means of therapy is to learn in what organs the plutonium 1s

concentrated.

There have becen many exporiments involving animals in
which plutonium was injected and at some later date itsa

distribution determined. The majoritonf these tests have

shown that the liver, spleen, bone murrow, and lymph nodes are 4

ti2 principle oltss of deposition. Tho samo general dlziribu-

tion has been found for the onc f{alirly normal human which was

studled., The distribution data 1s given in Table I. In /

additlion the distribution of plutorium in a fsmalse containing

~000203b : -
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approximately 90 mlcroframswas dotermined (ses Table II.)

Thls indlividual had many abnormally functioning organs and
therefore the distribution may not be rdpreaantative. It ls :
interesting to noto that even under these condltions the max'--~

" 7 . row end bone are among the principle sites of depoaitlon.
oo

C/L'\L_C»&‘KO CM& |
Table I ' <& w./w/yz,
N : Distribution of Plutoniun 4in s GE_year, Y¥hite Male
(155 days after injection of 6.5 ug of plutonium as the citrate) T
Tissue Grams of S\Cts/grem  ° #Relative . :7,f1 '
. . tisaue of tissue Affinity for.
: analysed : Plutonium
é ' tlarrow (rib) 0.8292 70.9 . 10.15.'
" Liver i 34.11 o 59.8 , - -8.54
; Sternum - b.38 ' 20.6 - i;’ . 2.94
¢ Periosteun 0.1215 20.0 5 2.86
i Sploen 32.12 1.1 : 1.59
i ‘Tunor (lung) 2.03 7.4 - - 1.06
§ Cancer Tlssue 2,87 7.2 1.03
: Rib (cortex) " 1.0125 7.0 , 1.00.
‘ L.Nodes (aorta) 0.63 . 6.7 0.96
j Lung 15.39 . 2.6 - . 0.37 ..
; Testicle 4.3425 2.3, 7 0.33
, (gclandular) ’ ) .
Kidney 27,35 1.7 0.24
! Heprt 4.9435 1.2 0.17
i Diephregn 35.73 1.0 0,14
Abdoninal Fat 17.05 0.2 0.03

# = cts/gram found ¢ cts/gran assuming equal dlatribution

i
3 Dile 8 cc ?
'z

i throughout. the body.

i

| "~ 0002037 . ' | -
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Distribution of Plutonium in a S54-year, White Female
. il . . .
- (16 days after injection of 94.91 :'3g of plutonium citrate) -

Tiassue Grr=ms of

- ticsue

- * "Annlysed

Marrow (rib . 0.2065
Rib (cor%ex) © 0,430
Callus and bone  0.,1933 = '
Callus (bone free) - 0.262
Kidney A " 600 !
Thyrold . 2,64
Contents

(lower bowel) - 10.05

Liver . ) . 8.70
Pencreas . , 6.045
Perio:teum‘(rib) 0.461
iung 14.40
Fat ' S5.850
Sploen ‘10.850
Tumor (liver) ‘ 1.97
Heart T 2. 40
Ovary (1.) 1.975
L. Node (abd.) 1.53
Intestines (smali) 3.40
Intestines (learge) 6.87
“uscle (striated) 15.32
Blood (heart clot) 1.835

ots/pgrem =  #Relative
© of tiasue Affinlty for
' <lutoniun
1399 - 8.49-
1299 .- -7.88
' g28 5,02
" 534 3,17
" 360 2.18
' 226 C1.37
183 1.1
162 1.00
148 0.90
23 0.75
107 0.65
96 0.58 .
94 0.57 '
7 0.45
. 70 0.42
63 0.38
; 48 . 0.29
46 0.2%
43 0.26
40 0.24
o2 0.13

% = cts/gram found e cts/granm assuming equal distribution

throughout the bedy.
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