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CONSIDERATIONS IN THE ASSESSMEm OF PLUTONIUM 

DEPOSITION I N  MAN 
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Los Alanos ScFentif ic Laboratory 

Los Aramds, New Mexico 87545 

ABSTRACT 

Data from human cases of plutonium inhalation are used to 
iZ3ustrttc several importat problems in thc current methods of 
estimating plutonium body bntdans. 
particles in' a highly insoluble matrix showed ail unusually slow 
r i s i n g  urinary excre t ion  curve over 300-400 days. In viva chest 
counks during tho first 6 months estimatcd lung burdens to be 
10-30 nCi, but  ur inary  excretion methods calculate  residual SYS- 
temic body burdens of 50 to 100 nCi a t  1200 days after- exposure. 
Current assumptions used in the  -- in vivo callhration do not con- 
sidor possible lung distribution of particulatos soon after  ex- 
posure that could al ter  the i n t e rp re t a t ion  significantly. Tissue 
analysis of a lung from anotkcr case after rccent inha la t ion  ex- 
wnuro shows a significantly lcascr concentration of p lu ton ium i n  
the subp?eural rogion--the pr inc ipa l  region of plutonium m-asure- 
ment by Ln*v& chest counting-as compared to distributions found 
years after exposure. 

Tissue analyses ind ica te  that urinary excretion estimates cf 
body burden over the long term tend to err on t h c  high side up to 
i) factor of 5 or m m x .  T h i s  procadurc strvcs wcll for t h e  purpose 
of protection of workers, but high estimates can lead to unneccs- 
sary job rcssvignmcnts for tho fndtvidttnl wor!:or an& zan cause 
misleading conclusions when such data i s  uced uncritically fo r  
rcfcrcncc in heal th  o€fccts s t u d i e s .  

Ind iv idua l s  exposed to 2 3 8 ~ 0 2  

Additional research is 
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riceded co improve u r i n a r y  axcrctior. data analys is  to reCLcct ncwor 
in format ion  derived from ti ssuc data  arid to SCCI: f u r t h e r  unticrstand- 
ing of the  sources of variation in & v i v o  counting technology SO 
it can be used w i t h  qrcater confidence. 

I / / / / / / / / / /  / I / / / / / / / / /  

INTRODUCTION - 
Measurement of the quantity of plutonium in cxposed pcrsonnoL 

i s  an i m p r t a n t  tool for those concerned with the  safety af plu- 
tonium workers. 
phys ics  controls, the data of persons cxpassd years aga can a l so  
h e l p  reassess the validity of the  basic occupational exposure 
limits. 
experience w i t h  external radiation, iritctnal radium exposures, and 
comparative animal exporimento. 
uing experiences be measured and recorded accuratoly to h e l p  confirm 
or deny these e a r l y  conclusions. 

Alarms Scient i f ic  Laboratory to dctcnninc? such body burdens. 
are: (1) the msasurement of plutonium in the crinc: ( 2 )  clircct 
measurement of t h e  l o w  energy photon cmlssions from tho pkutonium 
d e p s i t e d  in the lung; and ( 3 )  the determination of tissue burdons 
by ac:t?psy (or in some cases b i o p s y ) .  Several rcccnt cases which 
pravidc spccific data relating to such measurements arc used as 
illustration. 

In addition to gauging the cffcctiveness of  health 

Thesc: were derived 2s-30 years ago by a mlxturc of human 

It i r  important t h a t  our contin- 

In this paper we examine th roe  of the methods i n  use a t  t h e  LOS 
These 

URINARY EXCRETZON 

The aeasuxenent of plutonium in urine samples has been used as 
an i m d w  of expsure and potential accumulation in the body s.ince 
tbc dajrs of thc Banhat tan  District. 
Langham, Cl , 2 ]  determining urinary excretion ratcs following 2390u 
c i t r a t e  in jec t ions  of 16 individuals, ju*;ged to have near-term fa ta l  
JiwaSc, provided a quantitative basis for such interpretations and 
has s c w c d  as a foundation fox many programs. 

recognized, there are no methods for determining the influcirca of 
thcsc uncertainties in any one case. 
problems are : 

In using Lanqhain's data, one must accept that the plutonium absorp- 
tion, d e p o s i t i o n ,  and excretion in tho O C C U p d t f O W l  case w i l l  bc 
like that of thc  injectess. 

The classical study of 

Althaugh many of tho uncertaitltica in the use o€ t h i s  method ate  

Somc of t he  mrc important 

1. The plu tonium was administered intravcnously as t h c  citrate. 
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2. l 'hc cxcretian pattern was folllownd for on ly  limited periods 
of t i m a  i i r  thcsc  individuals and was oxtcndcd to rrbottt 1600 days 
by USP of dsta from occupa t i o a s l l y  exposed individcals. 
t h i s  tin:: period is adequate for fol1owir.g new oxpQsures, extrap- 
olations to lonq term cxcrction patterns become uncertain when one 
is considcr incj  tlic hc9y burdens of individuals exposed 10-30 years 
aqo. 

t h a t  t h z r e  zre s i g n i f  icarit individual. variations even among people 
exposed i n  cseentially the  same rannet.  
tfon f u n c t i o n  does not rcduco t h i s  u n c c r t a i n t y  in the individual 
casc. 

culo tcs  through the kidneys and is not inf luenced by deposits un- 
available  to the bloodstream. A deposit in a region with slow 
transecr to the blood will result in a gradual increase in the uri- 
nary cxcrction over some period of time until the available pLu- 
toniun 3.s redistribittcd. 
to infer the Xate  of transfer and a measutc of total da-osit lon 
have been nadc by Healy 131 and Bcach and Dolphin I41 but such ap- 
proximations must bc regarded as somewhat speculative and uncertain. 

In spite of tlicsc uncertslntics ,  the method i o  used worLdwide 
and, in ncarly cvcry c35e., the results are converted to quantita- 
t i v e  cstfrnates of body burdcn. 

following the cjxpooure of n i n e  persons to 2 3 h  in 1971. 
were disasscmbl ing a 2 3 b u  heat source f o r  diagnostic measurements 
whcr? one of t h e  slacv?s on thcir  hot cel l  manipulat~r developed a 
s p l i t  and permitted airborne contamination. The material in thig 
source is formulated in a molybdenum-ccromic matrix to make it us. 
.insoluble a6 possible and undoubtedly accounts for t h c  unusual e x -  
cretion p a t t e r n  in thesn- c a o ~ s .  
W s c A  i .ndivi2ual.s are presented here as cxamplcs. I n i t i a l  (w i th in  
t h e  first two days) measurements of t h e  chcst burccn (next section) 
showzd high values but subsequent measurements were lower. 
samp?.co taknn during the first f e w  days after the exposure were 
low (CO. 1 disjmin)  ir ,d ics t ing  little uptake by the systemic circu- 
l a t i o n .  Nasal swabs at the time of the i n c i d e n t  showed several 
thousand c o u n t s  per m i n u t e  and suggested possible s i g n i f i c a n t  ex- 
p S U r : Q ,  so tho a m p l i n g  program was continued. Fecal SJmpbB showed 
significant a c t i v i t y  by direct counting techniques,  but insolubil- 
i t y  even i n  st rong acids hcatcd overnight created serious cnslyt- 
i ca l  prahlorrs w i t h  th?sc samples. The results of urinnlyscs for 
two i n d i v i d u a l s  arc shown i n  F i q u r c s  1 and 2 .  As can be seen, 
thcrc $:its a steady increase over the f i rs t  300-400 days followod 

h%ile 

3 .  Examination of the i n i k i a l  data used by Langham ind ica tes  

U s e  of an average excre= 

4 .  The urinary excrccion mflccts only the plutonium that cir- 

Attempts to use the. shape of the curve 

Somc of t h c s c  problems can be illustrated w i t h  data obtahed 
They 

Data from two of the higher cx- 

Urine 
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by a level ing o f f .  
post.ulated in the nodels by Ilcaly [ 3 1  and B C ! S C ~  and Dolpl'iin [4! 
for rnovsmnt from t h e  lung i n t o  tSc bndy. 
constant s o i c h i l i t y  or rate of tranefct to the hloudstream atid 
kidney where t he  plutonium is t h e n  cxcrcted according to thc pat- 
tarn prescribed by Langham. 
crease in urinary cxcretion with thc maximum occurring at an 
earlier time. 

considered as systemic boey burden, has been calculated by the 
PUQFUA Code 151 which uses Langhom'a equations. This praccduro 
can have wide uncertainties if samples are infrequent,  but for 
these cases where sampling was done every 30-90 days, it should 
provide ii reasonable estimate witbir .  the mcc?rtclintj.es noted 
earlier. 
are 100 nCi for Subject  A and 50 nCi  for Subject E. 

In gross appearance, this is thc inecclr::.c! 

These m d o I s  assume il 

They predict a much more rapid i n -  

The quantity cif 23aPu txansfcrrcd to the bloodstr,eam, and no-:) 

Estimated quantities transfcrred i n  t h e  f irst  1200 days 

IN VIVO COUI'VTTNC 

It is only in the past decade that equipment has been devel- 
aped to peAmit estimtion of quanti+.ics of plutonium in t h o  l u n g  
(or more accurately, in the chcst) 1.y external mcasurcmcnts on the 
ind iv idua l .  In some cases, tb? norc energetic photons (%GO kcVl 
from 24121, are used, but this depcnds upon prior inforsxttior. as to 
the q u a n t i t y  of 241Am i n  the material Inhaler? and upon an nssump- 
tion t h a t  t h e  americium remains csssociatcd w i t h  th? p?iitoniuni. 
Data on t h e  metabolism of 241Arn in animals [Ea) makes the l s t tcr  
assumption questionable although the  degree of unce r t a in ty  is not 
defined. 

A full description of the LAST, i n s t ru tnsn ta t ion  and procedures 
is given clswherc.[71 
measurement of tlre %17 kcV L x-rays (uranium) i n  4 .6% 05 the dis- 
integrations. Two 12.7 cm diameter Phoswich dckec: tors arc! placed 
on thc chcst of a prone indiv idual  and measurements arc normally 
made for 30 ninutos. Thc difference i n  the pulse shnpc .in the two 
crystals [NaI (T l )  and CsI(T1) J making up the PhostJich permit: d i s -  
crimination of the energy band of intorsst from thc noma1 Compton 
contj.nuun and hence provide much reduced room backgrounds. 

are detected, the sensit ivity and accuracy of tho procedure arc 
nol; as good as could bo desired and ths i n t e r p m t a t i o n  of the 
measurements must inc lude  a number o€  correction factors,  dcscribed 
below, each of which contains its ow2 socrcc of uncertainty and 
bias. The th ickness  of the individaal's chest w a l l ,  mcaourcd by 

Esse i t ia l ly  the procedure dcpzndn upon thc 

Because of t.hc low oncxgy and frequcncg of tha  photons which 

LANL 
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t i l t rasonic  tcclinique, c?ctcminns a corrcction factor to account 
ior d i f f e r e n t i a l  stsorption C5RIpfrc.d to that of t h c  calibration 
phantom. 
isotopes in t h e  body, lcjuch as thc n a t u r a l  4oX, is corrected by 
measuring a portion of the ~pectrum i n  t h e  higher cae:rgy region 
and cxtr;l_colatS.rig to the contribution i n  the region of interest- 
The prcsence of even relatively small quantities of Other i S O t O P S ,  
such as 137Cs, can resu l t  in a correction of such'magnitudc that 
the smsi t iv i ty  for plutonium determination is gre2tly dqcreased, 
or conversely, low indications of the presence of plu tonium can 
result .  Since all isotopes of plutonim emit the x-rays being 
measured, but with differing frequencies per disintegrarion, any 
absolute d c t c m i n a t i o n  requires knowledge o f  the involved iso- 
tope (s) f Y U ~  other sources. mer icium-241, a c o m n  cantruninant 
of plutonium mixtures, also emits x-rays jn t h e  plutonium region. 
It is therefore necessary to deternine t he  24rAm content by a 
measurcaenk of thc 60 keV gama rays an8 subtract t h e  estimated 
contribution from t h i s  isotope from the reading in the plutonium 
x-ray region.  

Once  these corrections liavc been .=de to t!ie measurement, 
thc rcsult is corrected f i n a l l y  to provide the estimated quantity 
of plutonium in the lung. This is done by a calibration using a 
p3antom of lindwn chest wall thickness and with  the plutonjum d i s -  
tributed i m i f o n n l y  through the lung. This may well be ona of the 
imrc critical assumptions since it is knom that  tho plutonium is 
not uniformly d i s t r i b u t e d .  This is a particularly important con- 
s iderat ion for plutonium chest zounters be.cause the detector s m s ,  
prcfercntia3ly, a c t i v i t y  from the outer %2 cra of t iw lung due ta 
the h i g h  a b s o r p t i o n  of the -417 keV x-rays in tissue. Thus any 
mechanism which causes redistribution in this subpleural region, 
such as n3y occur in the e a r l y  time periaa after exposure, can 
c a w =  a change i n  the rcsponse of  the detector. 

ment, are such t h a t  onc can Gstcct  strout 9 nCi of 2 3 9 ~ ~ 1 ,  4 n C i  of 
238Pu, ond 0.2 nCi of 241Am, The m i n i m u m  dctcctab1.c amount: (!,IDA) 
in etefinod as a response equal v J  three standard deviations of the 
background. 

A conmn operational problem with such devices is the 9ossible 
presence of contamination on the skin of the individual being 
mcaswcd. 
the  gcometry, a small amonnt of plutonium on tho skin will give a 
greatly Oxaggorated rcsponsc if interpreted 3s n l u n g  burden. 
This problem is particularly noticeablc when messurcments are made 
following nn incident whcrc the individual may rctaiir lo# levels  
of s k i n  contamination cven a f t c r  extensive decantnmination. For 

Tne influcncc of h i g h e r  energy gadmas emitted by other 

Sf?nsit ivit ics  of t he  JASL equipment, us ing  a 30-minute measure- 

Because of the large absorption in the chhst wall and 
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this retison p s i t i v p  va lues  at stlcl~ a tine JIY. rcjarc!cd its s u s p ~ c t  
to be folLow& up by later checks. 
possible to recognize contaminntioa t h a t  is cxsl:;entii\l. ?y SI 1 CXI 

the Surface by the shape of t h e  spectrum. 
The i n c i d e n t  mentioned in t h e  previous section i n v o l v i n g  

238Pu proitides an excellent illustration of sone of thc .  problcms, 
5 5  well as p t c n t i a l  advantages, of t h i s  systcm. 
Were made OR 5hese individuals for several d a y s  fallowing t h e  in- 
cident and periodical ly  thereafter fo r  about 215 d a y s .  Th.!ae in,- 
divid'da3s already had small burdens of 13"2s as a resulk 'oE Work- 
ing w i t h  fission products pr io r  to thc plutonium expasure. 
end of 215 days they were a l l  involved in a n o t h e r  minor 137C.s cx- 
pooure which, while smL1 compared to maximum psrmisci iblc  limits, 
was sufficient to mask t h e  2 3 8 ~ ~  s i g n a l .  

Data €or these ind iv idua l s  art? given in Figures 3 and 4 .  ThC 
results duri?ig the first several weeks varied beyond the est imated 
limits of crror and then settled i n t o  a rcasonablc pattern. We 
have n o t  identifind def in i t e ly  t h e  cause of the  variability nor. 

Thcrc 
is a possibility t h a t  t h e  in s t rumen ta t ion  shifted calibration fur 
the points past 100 days.  The early variebi, l ity docs not seem to 
correspond with tho fast  clcarnncc phase of porticlcs from t h e  
bronchial, tree, althotlgh this appeared il pozsihlc  i n t c r p r c t a t i a n  
for the first  three or four coents. Sinoc dstect ioi i  of a c t i v i t y  
for plutonium is preferential  for the outcr 2 crn of l u n g  tissue, 
it is p s s i b l e ,  perhaps J - i k e l y ,  t h a t  c lea r~ : i c~ '  of t .hc bronchi will 
hjlve l i t t l e  i n f l u e n c e  on the count.  Altcrnat ivc: i ly ,  we have S ~ C C I I -  
lated t h a t  the plutonium particles may be translocating i n  t h c  
lung  over several weeks to the suhplauzal region where t.hcy arc 
nore v i s i b l e  to the detector. Sons? evidcncc for t h i s  Wssibi fFty  
will be discussed later.  

As was noted mrlior,  i n t e rp re t a t ion  of t he  body hrdcr! on 
t hese  individuals from the u r i n e  dsca by use of t-hc PCgFUA Code 
indicated that after 1200 days the  systemic body burgmu vcrc 
estimated as 100 and 50 RCi. This nstarial nus t  have bcen trans- 
ferred from t h c  lung to the bloodstream as a r e su l t  of t h t s  i n c i -  
dent since the individual? d j j  n o t  work w i t h  plutoniuin irftcr t h i s  
e%r&sure, y e t  the initial ind ic*c t ion  of q u a n t i t y  in thc? lung was 
o n l y  on the order of 10-30 nCi. tle bel ieve that this discrepancy 
may be due to the nonuniform d i s t r i b u t i o n  with heavier c?!cpQr;its 
i n  areas which ate not  "seen" by the detectors. 

With c:rperlc?ncc! it, is oftc!l'i 

:.:easurr?mentE; 

A t  thC 

.the mason for the apparent increase? after about 100 days. 

LANL 
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xn view I?€ the uncertainties in the u r i n e  cvalustions a€ plu- 
t o n i u m  c'cposition in the body, ii program o€ collecting t i s * z U @  
spccimr,ns from iltrtopsiss perfornu? at: the local  hospital XJS 
s t a r t c d  in thc late 50's. 
accumulation of ;? lutonium by those working i n  the. laboratory as 
r~e1.1 i\.s background villt.\es from individuals who had l l - . fed in t h e  
oroa but: had not  b u m  employed i n  t h e  laboratory. 
t h e  progran tias been wcpanded to include t i ssue  samples from t h e  
cjcneraL population in other arctas and the a n a l y t i c a l  techniques 
Itavca improved so that the m i n u t e  quantities a v a i l a b l e  in individ- 
uaLs as A r e su l t  of accumulkt ion  from fcllout can bc measured. 
Such data ,  over a wide rznge of exposures, arc invaluable in de- 
termining t h e  actual distribution of p lu ton iun  in the body €rom 
a wi.dc v n r i c t y  of! exposure s i t u a t i o n s .  
data  obtnincd on t h i s  autogsy program have been published in] and 
scueral additional papers arc? in preparation. 

gained f r o m  autopsy data and is 
bration problem for -cI in vivo mcasurements. 

plu tonium less than a n m t h  bcforc hcr  accidental death and a total 
I.ung content ai about 4 nCi is cst.inatcrl by tissue analysis. We 
a l s o  asialyzcd l u n g s  of a male a c c i d e n t  victim who was employed in 
p l u t o n i u m  work for 26 years; h i s  t o t a l  lung c o n t e n t  was about 36 
n C i ,  cstiinatcd by t.issuc analys is .  
superior lobe of one lung was diiridcd into 3-4 mn-wido tissue SOC- 
tions m a l e  h o r i z o n t a l l y  , s t a r t i n g  at: t h e  top. Znilivicluatl sections 
were then clividcd i n t o  pleural ('~1 cn) an3 parenchymal regions to 
obtain some i nd ica t ion  oE plutonium dfstrihution. I n  the recent; es- 
p ~ s u r t ?  case, thcrc! WBE l i t t l e  diffcrer?ce in the concentrations bc- 
tween thc two rcgiono. 
i n  t he  p lu tonium concantrnthon in both rog.ions as ono ilrocceds 
inferiorly from the apex 02 the lung. 
m a l  sections wore also :;ubdivic?cd .into a 1-2 cm outcf region, 2-4 
cn intcrmedictc region, and an i nne r  scction cont.+tl?iny thc major 
bronchi in t ho& sectiottr; close to the lung  center where these 
strucltjres wgrc apjarent . There was l i t t l e  differcnco between 
t h c  outcr two rcgions of paranchymcl but t h c  concentration i n  the 
rcgion containing the bronchi uppzarrd lowcr. 
t.hc i n d i v i d u a l  w i t h  the long cxposnra t i m e ,  the concentration i n  
thc plcur;i in the rtTgi.011 from 12-24 mm f ro3 the spcx v a t  some 
10-35 times that, in t.hc parcnchyna. Unfortunately, thc anolyt i -  
cal. rcsults for t h e  secticlls between this region and tho middle 

T h i s  provided an u l t i m t c  check on the 

In recent years, 

The procedures rind the 

In fo rma t i cn  an ths distributioa of Flutonium in lung can be 
valuable to study potential  c a l i -  

Coninrplctc l u n g s  m r e  obtaincd frcm a fcrnalc who WJS exposed to 

In each of these cases, tho 

Tltete was, howevcr, an apparcnt increase 

In this case, tho paranchy- 

In the lung from 
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l e v e l s  of the lung d i d  not p rmi t  an .?s tk id to  of chcniCit1 I C C ' C I ~ C ~ K ~ '  
and consequently, tltorc are u n c c r t a i n t L ? s  as to t h c i ~  iilssu'lutc: 
value. 
sections toward t h e  middle lcvcle of ;un? w k r o  coneen1:ra t ions arc  
a:>sroxirr.atcly t h x e  of t h e  r;ilnx.chyns. 
to those of >!elson [Bj  who rcportcc? concentrstioi~s 59 Lines greaC- 
cr in the pleural and su5pbural  t i s sues  tilai: in ';.tic parancfiym 
in (I former worker w i t h  2 5  years of p o t e n t i a l  cxposurk. 

While w e  cannot draw firm conclusions from only tw cbszs ,  
these data would suggest t h a t  the plutonium is  fairly uriiEornly 
deposited throughout the lung at reasonably short time:: following 
exposure. 
Some subpleural regions cj.thcr by migration toward tiic pleura or 
preferential elimination f ron  t h e  parenchyma o r  il conbinr t t ion  of 
both. E:or-e data  is needed to c o n f i m  these oSsorvations. 

docru?.ented. [lo] I n  our long term cxpzsute case, thc trschco- 
bronchial lymph nades had concilxtrations about 4 0  tinss t h a t  of 
the lung as would be expected from past data,  but in our acute 
cxwsu?~? case the Lpph node concentration was about om-f i f th  
that of the lung as J. wholc, indiccting t h a t  concentration in the, 
nodes had barely started. This observation ind ica tes  that: the 
k i n e t i c s  of accumulation by the l t p p h  node i n  h u m n s  may bc s i m i -  
l o r  to t h a t  described by Thonzts Ill] for the dog. 

m a l y s i s  has been used to compare with antenortun est imates by 
other techniques. Such an cstimato does invol::! considcrobtc tin- 
ce r ta in ty ,  particularly in o b t a i n h g  the total skctcton deposit .  
Autopsy samgles of bone axe only on the order of a fcw percent  of 
the skeleton arid calculation of t o t a l  dzpos.i t ion r q i i r c s  large 
scalinq factors. Furthermore, wide variat ions  in t h e  plutonium 
content of individual bones arp possible. r13.1 Tabla 7 indicates  
the corngarison between u r i n e  cstimatcs and t issw cr,l;.imJtci; for 
those cases which had a s u f f i c i e n k  plutonium in thc body to be 
ncasurable and for which a reasonable nmb5r of urir iu  s'implcs m t c !  
obtirined. 

"hc variayion in t h e  r a t i o  between thc two r:sLfmatcs (urine 
v-- tissue) is similar to those rcpoxtscl by others f13,141 with the 
ur!.ne estimate being higher than that Eouid a t  autopsy in almost 
every case. The v a l m  of 120 ( l i n a  (I, Toblc 1) is out of line with 
the others. However, inves t iga t ion  of the urina rcsults iridicati!:: 
that the high urine estimate was e n t i r e l y  duc to two samplcs in 
the 1950-60 ern. Samples token prior to and followinq the h i g h  
rcadcrs worc below the  detection l i m i t .  
ir: t z , w  wi th  Lafigham's equation:; one cannot as::uxc t h z t  this 

They do indicati? a dsxcaseci conscnrratioc in t.!w plcul'al 

Thzac rcsults arc similar 

As time passes, thorz stems to be concentration in 

The nccunulation of p?utonium in t h e  lymph nodes Iinr bccn well 

An estimate of t h e  quant i ty  of plutonium i n  tk,? body by t i s s u e  

Due to thc rapid drop-off 
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x\ot ,q true exgos*~tt .  and it i:s carried ir. thf: recorc?s as Such. 
fiuw,?-mt, in rctrosixct, it ap;?esrs thsk ttic two sampks in ques- 
tioil m y  be: due to c x t e r n n l  contamination. This again illus- 
t r a t e s  the c i i f f i c u l t y  of intcrpretcPtion of results of t h i s  natu?e 
and 'ilre uncertaint ics  in the answer. 

i.unt3 and lymyh nodes and the so-called "systemic" burden, the 
quantity i n  other organ:; such as bone, kidney,  l i v e r ,  and muscle. 
This is customary since j . t  is assumed that  the. Lsngham equations 
only r e f l ec t  t5e quantity actosLly cntering t h e  bloodstraam and, 
for  this purpose, the lung and lymph nodss are considered Lo ba 
outside the circulatory system. 
this crzncept ds i t  ap?Lies to the long-term deposit in the lung 
since. t h i s  mLoria1 is probably no l o n q s r  in the afvcoli but is 
incor:arated intu thc t i s s u e  s t r u c t u r e .  
i fr i i t ion in t h e  Lanqharn equation repressnts b m I .  rcmo8elir.g and 
c l i s ~ i n s t i o n  from other: tissues, it appears roclsonilb3c that a s i m -  
i 1 . x  climiili.ttion or cxchange will occur wi th  t h e  p lu toniun  cm- 
bcddctl amunq thi? cells of the lung ox i n  drainage from the lmphat- 
ir: systcm. l 'haoc locat ions also p e m i t  contac t  of plu tonium with 
t i s s u e  fLuiOs and would a t t a i n  a transfer rate to the sygtcnic 
circulat ion.  Thc in f lucncc  of this on the excretion C U ~ V C  may be 
as i n p o r t a n t  i n  affect ing the urinary results as the novcntnt f r o m  
the f . i v u r  or bonc?. Only additional experimental data will permit 
vcri .  P i c a t i o n  and quant i f icat io;r  of this hypothesis, but  inclusion 
of long-term lung contcnt in the  b d y  barden gives  A better cor- 
rc?latian w i t h  u r i n a r y  excretion cstirr.ater;. 

I n  Table I, we have d i s t ingu i shed  batseen tfio amount i n  the 

We axe beginning now to quaotfon 

Since the  long- t e rm C l i n t -  

DXSCUSS SO?J - 
The: cases described in t h i s  paper illustrate a number of im- 

portailt an6 unresolved questions in attem2ting to ni=asuri? the 
qu ; in t i t y  of plutonium in the boilizs of workers. The lung c o u n t i n g  
mcthads arc sti l l  in pr0c~:ss of deve~opment; thcsa estimates are 
basac? on cnlibrstion with uniform d i o t x i h t i o a  in the lung but 
the results arc s c n s i t i v c  to nonuniforrr! dis tr ih i t ion  mffccts that  
ate larcply unknown now. If our speculat ions as  to redistribution 
with time lcading to a h i g h e r  concentxakion in the lung par.iphery 
arc correct, this would lssd to an increase i n  the response of the 
3rrny dctcctor for a g iven  quant i ty  in t h e  lung sincc tho photons 
oriqinating from this material on the surface of the lung will be 
loss subject to absorption. Hotc t h a t  t h i s  doLs not  noecssatily 
mtnn 011 increase i n  rwporise. for a givcit case since elimication 
is occnrring at t h o  snne t i m e .  
basic limitation on tlm accuracy of such measursncnLs U r l ~ c R s  

I f  t h i s  is true, it m y  provide n 
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Fiqure 1. Urinary excretion of 233Pu by Subject A Eollovr%f 
in ci. den t . 

Figure 2.  Urinary cxc-rotion of 238Pu by Subjcct  B follonir~g 
inc ident .  

Fiqure 3 .  Chest measurements on Subject A .  IMT)A-tdininum Dc- 
tectablo 2mWt 1 

Figure: 4 .  Chost measurements on Subject  8. 
tectable Amount)  
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