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A study of th,e urinary excretion rate of plutonium by human

subject showed that about 0.02% of the injected dose was ,b.e,in,gexcr,ete,d

per day at the end of twenty days.

A study of the urinary excretion of plutonium by t,hir!y-s.ix

members of CM Division showed a correlation be,tween the plutonium exc,re,-

w-

ted and the number of high nose counts.

A study of the effect of size of dose on

of plutonium by the rat indicated that the per ce,nt

in t-heurine is independent of the size of the dos,e

the urin,ary excret i,o,n

of the doae,sexcr,e,t,ed~

a,dminist,ered.
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. Biochemical Secti”on Site Y

(-0: L. H. Hempelmann

*

*

FM)?,!: Wright

SUBJECT: Report

The Mon.

and the
.

*

[. Langham

of Talk given at the Chicago Meeting, May 16$ 1945 “:L
.

toring of Site Y Personnel for Plj-oniurnConlactinat.ion,~j
.:

Excretion of Plutonium by a Human’_Sttbject

ThE primary in(erest of the health department at

immediate development of a me(hod of monitoring >ernonnel

body contamination di?h plutonium. The obvious purpose of

Site Y is t.hc ;

for internitl

a monitoring -

plan is to enable us to retire individuals from further contact ~i~h

LIIematerial before they have absorbed h,armfui amounts. The e~ecuLion

of such ttplan depends on the establishment of a number of factors among

which arc the following: > ,‘+..4.-<-..--’ .—,.1

1) The development of a method of determining exceedingly >:”-.’;
.,

small amounts of p]utonlum ‘insome body fluid or excrement;
m

,. z...,,. ,

2) The establishment of the relationship between the body
.. ...

:!

fluid or exctentent and the amount of plutonium contained in the human

body; . .’
..

* ?) The de~elopment of a sampling system which exc~ude~ ~he ..—.+

‘possibility of externa l-contarnintition of the satipie. .,

This report summarizes ou: attempts to establish some ~af the

abo~e fnctors. The urine has been chosen m the sou:ce of the sample I’;

for st/udy.
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Method of Sampling and Analysis:

Because of the extreme difficulty of detecting small amounts

of internal cent.aiainationwith plutonium, and I.mceuse of the great possi-

bility of external contamination of the sample, the practice has been to.. ‘,

●

✎

,:.-

.

*

collect 24-hour samples under very ri~orous conditions. The s~!bject is
.

directed to stay away from work and preferably away from the site for a

48-hour period preceding the period of collection of the sample to be

analyzed. All persons are asked to wear freshly laundered clothing dur-

ing this preliminary period and to baLhe and wash their hands fr:quent.ly.

The subjert is asked to report to the hospital at eight o’ciock

in the morning at the clo”ie of the 48-hour preliminary period. He is

gi%en hospital clothing and after taking a shower, is admiiled to a spe -

cial room provided for collecting the 24-hour urine sample. lie is asked
,

to remain in this room for the entire 24-hour period. ‘it is requested

that the-subject restrict.’f~isfluid intake Lo one cup or glass of fluid

per meal to avoid an abnormally large sample.

A hand counter is available in the room and a note is made as

to whether or not the individual has a hand count. The subject is in-

structed to wash hia~hand+ each time before he voids and to wear white

cotton gloves during voiding, thus preventing epithelial scales of the

hands from falling into the flask and contaminating the sample. The

voidings are collected in a 2 liter erlenmeyer flask which is placed at

such a height that iL is not necessary for the person Lo touch the flask “

or the funnel while urinating. When the collection is completed, t,he

subject dresses and leaves the hospital leaving his specimen whe~e it was
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APPROVED FOR PUBLIC RELEASE



c

.

R.igid adherq~ceo t.o....._Lb

t,he,c,o,l.Je.c,ti,o:no-f,a.2,4,-$Qur-......!

cop.tp.m.i,~,tti.o.n, +P pea?.i.b k.-,

t,h.e,pr,otcp.d.qr,ede,s,cy.ik$.d.~,b.p.vp,s.ko.uM w.wit.

.Wm? $R,mp.!p, w, p,e.w.l:y .f.r.e.e.f.r.ome.%,t.e,rp.a,l

I
The-e,ffect.i?,e,n,e,?t~,of,$&,e,above method i,?,i+nd,~c,qt,edby t,hodata.,.,,.1

●

in T,a,b1e 1.whi,c.h,g,i,vopa ao,mpa,r,ig.o,n of the,yp,a.1y,apg,6f samp,le,aa,onp,i~t.ipg,...,, I
I

of,two O,Ve.rn.i~h.t.sp.e.c.i.m.tp.s.c,o,l,Ie.c.t.e.di,nt,h.e,i,n,d.ivid.u,a,~s’i.h,o.m,e.sw-it,h24,-

h.o,u~.s.?~p,le.+c.o.l.ls,c.t,e.df,r,o~t,he,*.ap? ipd,i,vi-iau,a,A,e. b y e.ht,sJJove.hosp ita1

met,t,h.o,d.,The, ~ver~gt a,o,u-n,tp,per ~i,n,u,te,obt●ined in thp s,a,mpie_aco1le,ct,ed.-.,’,,.

at.h,orne,w-au,2,0ap c,omp.a,r,ed,to,2.,2
...

Ie.ct,edup,de.r, ~.09p.it●l c.fw.djt.i.fvvO,

w+!. d,i.f.fp.rep.cc..i.qt~a,teyt,qn,a,l

c,o-up-t,sper m.in,u,t,e,pp,rs,amyle w.hp,nc,o,l-

T:h.e,FOSt probable, ,e,xpl,apat,iopof th,ia

c,op,t,acm,ip,a.t.i,o,nwas a*o,i,d~d,i,nt,@ 1a,t,toar......

The,wdep. s.o,l.ls,c.t.din,t,hp.$o,apit,a.1are ana ly,zedb.y the f,o,l,-.........

lowing method.: T4P,e.n,t,i,r,e24.-.h,o,u,r$p.es.i,qe.n.i.a,qy>$,or.a.t,eg,*,@os.! to 4? Y.-

n.%a$.,a.ndt.~e.r,?g.i.d.%e,w,e.t.-n~~b-d.u.s.i.n.go,n.e.,a#.d,i,t.i.o,qo.fcON,C..HC 1 p,n.drp,-.-..!. .. .
---

p?+,ted,a,dd,i,tion? of c,opc..,~Q3 and 3O% IJ2&,.,The.e,$~,iangis c,on,t,i,n.u,edup-

t.i1 a,white.,s,0,1id almoo,t copple t e 1y frs e o f‘organic m,a,t,t,eyis.,s.11th,at,,--- .... ..

re,m.a.i.np,., JThe, r,es,id qe is, t.a,k.e,n,up ip 2 N K.-l gpd a c ogp 1ete hydr oxide......

prw.ip.it.at.i.on Ca.v.ied Oqt.o. The hyibr,o,x,idoprtcip,ita,t+is,d.i?p,o,lvedip 2 N

HC 1, t,h.e,p,olqt,io,n,is adjusted to p pH ,=~~e#L-0~5,end,th,e,plut,op,i,qn,pl,u,s1

,mg,.,o,f-ferric .i,r,o,na,s,a. car r ie.r,ip ey.t.ra,c.t,eclin.t,oc,h,l.o.r.o,f,o.r,mqs.i.ngcup,-.......

fg.r~.op,.,T&~e,.c.h,l.oqo.f,o~.rn.ip,p,v-aporat4ed,o,f,f,●p!i the cup,fpr~.op.rep:idu,e,di -

g?!t.+ o,f.f.~.it,hP$? ~,ic.a,nf!pp?.ch,l.o~.i?9.cAVJ,.. T’Jw. P lqt,w,i,um i,m, tjw.n c,a,r -

— —.

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



.

.

ried out of the,perch loric acid solution with Ianth,a,nu,mflour ide. The

lan{hanum fluoride precipitate is transferred to a platinum disc and
1’

counted for 30 minutes in,an alpha cow,te,r....

The da~a reported in Table 1,1give some,jd?.a a,sto the perfor-

mance of this,method when,applied to spiked urine s,a.mple,sand to mock ash

solutions. ,Blank d,e.t,errni,nat,ionswere, ma,de o-n,24 a.amples of urine from

persona never having worked with plutonium. T~ege, sa,mp,iesranged in size

from 800 to 1200 ml. The average of all blaqk det?,rmi,nations was 0.5

c/m per sar$plewith a spread of 0,-1,,2c,/m.

Resu,lta,o;f,Pe,r?.on,ne,lMon-ito.ri,n~,;

Thirty-six members o-fthe-+-t-a,~,f,were c,hose~ for,the f,ir~-t,test

of the,a.b,oy?monit,o,ri.n~,met,ho$. T!y?.t+, people were. cho.a.e,qto represent.

high, moderate,, and, 10-wor no e.xpos,ure gro#ps.. The nw+e.r .i.n.e,a.c.hvf?w

waa t00 few to give,any de,f,inite significance to ,t,h.e,,c.l,a,a,s,i,f+i,c.a.tion,. The..... ... .......... .-..,

~es,u.ltsare,i.ndicat,ive,h,ow~?er, am are supnqa,r,i,zedin Tsb le 111. It may-.

be aignifica,nt t,ha}’all i,@ividuals showing ~ pos,it,iyecount in the uxine....... ......

had had one or more high nose, count?, on,r,eco,rdsince joi,ning the,proj,ect..

A high nose c,oufitis recorded again,st an individual when a moist, fi1ter-.... ..

paper swab ins;rted into the nostril ‘,a-n~d,rotate-d shows 50 c/m or greater

when cou,nte.din,an ,a,lphacounter.

.
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.i,neryExcr,e,tio,nof Plu,ton,iumby the Iiuma,nt

If urin,ary excret i,qn.va ly.es are to )?e u.se.dto .e.?t,akl~s.b t.h.e.

\ac t,u,a1 arnount of,.i,n.ter,na1 body co.n,t,a,min,a,t,ion,.it is e.s,s.?,n.tj.?.lt,?@o? !.!5

relation between the, amou.n.tof plutonium in the htyqan Fy.s.te.m,ap.dt.~a.t. .. .

eycr,e,tedin the urine, per 24 hours. On Apri 1 10, 194S, a_na,t,t$.rnpt;was

made to establish this relationship be injecting a h~an su,bj.e.cti.n,t.r,a.-

venous ly with 4.7 y of + 4 product which v,a,s,c,omp,lexe.dwith s.o.d,i.u.mc,i.- ‘... .

trate (0,,3%solution) and adjusted to a pH of 6.0.

The s,ubje,c,twas an elderly male whose

was such that there is little or no possibility

have any effect on the norms 1 course of his life,

age aqd genera 1 h,e~a.lt.h

that, the i,nject.ionc.a,n. ,

The patient might not

have been an,idea> subject in that his kidney

complete ly norma,l at the time of inj,e,c,tion a,s

inu,ri,aand a low urine,sp,ecific gravi~y.

The .+4 c,it,ra.tec.o.mpie,xw,a.au,se,di.n

mum d,eposi,tionin the bon,e. This pre,sum,a,bly

f,unc,tion may not ha?? be.eq

i.n,di,c,a.tedby s1igh,t.a.lbqq-

‘.
or,d.e,rt,oprocl.uc.eth?.m?.x.>:

wovl,dpro,du.cean e,xcret,i.oq

rate comparable to that of a worker having absorbed ,th.e~.a,t~r.i.a.lat.a

s1ow rat,eth,ereb y dep,osit.in,ga,maximum amount in,t.hae-bo.n,ewhe.r,e,it, is

probably the most damaging., \

The results obtained fotithe firs,t18 days af.te~,i,nje,c,t.i.o,nar,e

presep,ted graphically in Fig.,1 by blocking in the per c.e,nt.Q,f, t.h,e,t,ot,a.1

injec,t,e,ddose e,xcre.t.e.dpe,rday S.

These data show the e,xcretion during t.,h,e,fi,ra,t$,ay was s,u.rpri+,-

ingly low and that the leveling off of the excretion rate wa,squhc.hs,l,ow,e,r

than with rats. The most probable exp l,a.n,a.t.i.on?,ft.h.e+.eo.bn,e.r~.a>.iOU.S i.a
\

*:”:::. -“

~ $ / ;“l{:.
$$
●
●.b ●*

● .9●.0
~:””~”: ,0:.

●
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that they represent some metabolic abnormality of the su,bjec,te It is

possible, however, that the stability of the + 4 citrat,e c,om~lpx i,sa

factor. A blood sample taken 4 hours after the injection ~owed tha,t

about 50 per cent of the injected dose was still in the circulating

blood . The calculation, however, was based on the assumption t,h:atthere

had been a complete mixing of the ma,teriai throughout the total blood

volume.

A rather favorable excretion rate is indicated by the observa-

tion that the leveling off point seems to be about 0.02 per cent instead

of 0.01 per cent as observed for rats.

/.
The Effect of Size of Dose on Urinary Excretion of Flut.oniumg

A number of fundamental as,aumptions must, be,made, in regard to

the metabolism of p,lu,topium if a limited amount of hu,man tracer data a,re

to form the basis of q met,hod.of diagnosing internal body contamination

(1) It,is necessary to assu:me that, once absorbed, all valence states

and all compounds of plutonium are,m,e.tabolizedby the animal organism in

essentially the same way. (2) It is nece~,sary to as?u,me t,h,a,tplutonium

is metaboliz~,d in the s,ameway regardless of the roeo.t,eof a,bso~ption or

administration. (3) It is alao necessary to assume that the fraction.

deposited and t,heref,ore,the fraction excreted ia i.iJdepend.entof the si~g. .

of the dose administered or absorbed.

Hamilton (CN-2383) has reported a limited amount of inf,or,matiop’

in support of the validity of the first two assumptions. The followipg

experiment w,a,s,performed to teat the validity of the third.
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Five groups of mature male rats were injected with 0.032 y

(2250c/m), 1.1 Y, 5.3 ‘y, 15.0 y, and 52.0 Y of plutonium respec~ivelyo

The material was administered as + 4 citrate complex in a sol.ut<ion0.5

per cent w+th respect to sodium citrate. The pllof the solution was 6..0.,
/

The urine and feces were collectje$ daily for five days from e~ch group

and analyzed for plutonium. The results of the urin,g a,naly,sesare given

in Table IV. These data show rather conclusively tha,t the per cent of

the tot,a,li,njected dose excreted in the t+rine of,the rat-u,n.de,rthe.above,

condit,iops is i,ndepend.en,tof the size of the do,se adminis.t.e,red.

I

.9’-

1

-“ ‘

I
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TABLE I - EFFECT OF METHOD OF COiJKTI~G

SAtilJI ~ COUNTS FOM IN T~ ~1~

Person c/m and place of bolle,ction of Sample

At Home* In Ho,sp,ital””

D. W. 10.1 2.2

W. A. B. 41.,6 4.3

W. B, G. 16.1 3.4

W. G. T. 2.8 - 0.l

i. P. 17.8 ---

~. D. 30.6 2.2

Averagq,~ 20.0 2.2

* Samples collected at home were two overnight

voidings collected by the individu,a,lafter

thorough bathing and washing of hands.

** Samples collected in hospital were 2~-hour

samples collected under the rigorous hospital

plan ~ft_era two-day leave f,ro~t,heSite.....”.

..

.

.
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TABLEII--RECOVERY

FROhfREGULAii

No., of N,aty,e,of

De,tns. Samples

24 Bla:nk,s,(Reg.u,ri,ne,)

4 mock urine sol. “

11 - “ “

12 reg. u,rine

3, reg. urin,e

OFKNCMN

AiD M@K

r

AMOUNTS OF PLUTONIUM

UFiINESA,@ES,

$r!t,.,of,

~p,ikec}m

0,

29.2

10.0

10,0

4.5

“’tiecovery

%

{,aye. 0,.5 Cjmj

94

93

95

.

Spread

%

(0,-1.2 Cjm}

..
88-100s

a~,.ioik

. ... .. . .
73-104%

81,.ioi%

.

a

. .

●
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TABLE III--l?ESULfiOF MONITCR ING SITE Y %RSONN%L

Classification No. Of. . Ave. c/m/24 hr.
.

Pe,rson.s urine s.a,mple*

Highly exposed 5 2.2

Moderately exposed 23 0.4
.
Low or no exposure 8 0.2 “

Those h,av,in~high noae 14 1.2
counts **recorded

Those having no high 22 0.2
nose counts rec,orded .&

“

* 0.5 c/m was subtracted from each valqe, gs a bla.n,k .

** A high nose count i,ar,ecorded a,ga,inst an i,r@,ividu,al....--
when a moia.t fiiter.-paper swab inse,rt,e.di-n-tothe.-.
,nos,tri,land rota,te,dshows,a count of,50 c/m ~ti,

gre.a.terw.he,nc.ou,n,ttdin ,an ,alp.hacounter.

*

●☛
● .0. .

●
,:0 : . ●O.

,9: ●
,0 ● .* ● ,.

b ●.*
.: .::*.*
:0 : .00 ● *

● .*●mm ..* . .
;*:‘0‘* *... ● ●**

● ● **? .:*.*
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TABLE IV--EFFECT OF D@AGE Off‘kRC~W EX.Q3ET1.ON

OF P)W~Iw (.14)CjI,@.tiIN TJ&,~1.~ ~ THERAT

Pe.r.iodAft,e:r

Inj. - D,aya

1St,

2nd

~rd

4th

5t.h

0.032

0.72

0.27

0.22

0.1’5

0.14

1.1

0.71

0.22

0.12

0’.11

----

Dosage Y

5.3

0:?3

O*31

0.18

0.13

...--

15

0,57

0.20

0.16

0.13

0.12

52

0.77

0.26

0.19

0.17

.-..

“!
*

.
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