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~casurcmcnt  of t h e  q u a n t i t y  of  plutonium i n  cRp0S.d personnel 
IS an u p o r t a n t  tooA Cor those concerned with the safety of p h -  
toniuu 4rke.s.  
pbymicm controlm, t h e  data of persons expoled yearm aqo can a1.o 
help  reasseam ttm v a l i d i t y  of rho basic occupational expomure 
l i m i t s .  Theae were d0riv.d 25-30 years .go by a mixture of h u r n  
cxpcricnce with e x t e r n a l  r a d i a t i o n .  i n t e m r l  radku exposures. and 
comprntive a n i a u l  r r p s r i n e n t r .  I t  Is important t h t  our contin- 
uing exp.riencss k r s s u r e d  ud recorded a c c u r a t e l y  ta he lp  confirm 
or deny those ear ly  conclusions.  

*lamoo S c r e n t i f i c  l a b r a t o r y  to detern ine  such body burdms.  
a r v t  (1) ttu w a s u e n n t  of p l u t o n i u  in tho urinor ( 2 )  direct 
maauremont of the low w r q y  photon .nlssion~ from the  plutonlun 
d e p o s l t d  i n  t h o  lung1 and (3) th. d a t e m i n a t i o n  of t i s s u e  burden. 
by autopsy (or i n  SOD. caaes biopsy). k v e r a l  recent  C ~ W B  which 
provide s p c i f l c  d a t a  r e l e t i n q  to  such measu rcun t s  a r e  usod as 
l l l u s t t a t i o n .  

I n  d d i t l o n  to qauplng t h e  effectivonoss of h e a l t h  

In  th is  papr w emmlrw thceo of tha  wthods i n  use a t  thm l a m  
These 

URINARY EXCRETION 

The ~ a s u t m e n t  of p l u t o n i m  i n  urin. m a p l e s  has  been used as 
an index of exposure and p a t e n t l a 1  accumulation i n  th body r lncv  
t h e  day8 of t h e  Manhattan D i s t r i c t .  The ChS8tCAl study of 
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Irnqhar, 11,21 dcterminlng urinary ororetion rates f0ll0wL119 23L)Pu 
citrate injmctionr of 16 individubls, jud9.d to have near-term fatal 
di8ma80, p m v i d d  a quantltativo bb8i8 for 8uch intorprstation8 and 
h88 8Olved a5 a foundJtlOn for mrny prO9raUS. 

rmcopnlrod. thors arm no methods for determining tho lnfluenco of 
these uncortaintios In any one cave. some of the more Imwrtant 
problm8 aro: 

In u L n 9  h n q h r ’ s  &ea, on. aust  accept that the plutonium absorp- 
tion, depaition, and oxcrotion in the occupational cas0 ulll be 
1Iko thbt of tho lnjocteo8. 

of t i r  in t h e m  indlvldrulr ud was oxtendcd to about 1600 day8 
by U8e Of data f?oa OCcupmtlOnally eXpo8.d lndividwlm. 
thi8 tilv period is adoquato for following new oxpo8urms, Oxtrap 
olations to lonp-tmrm excretion patterns b c o n e  uncertaln when on. 
is conridering the body burdens of individuals exposod 10-30 years 

klthough u n y  of the uncertalntlo8 in the u8e of thls method are 

I. thr plutontw vas ahlnirtcred intravenously a8 the citrate. 

t .  Tho oxcretlon pattern ua8 followed for only lirlted periods 

UhLlO 

bp0 
3 .  Exmination of tho initial data used by hngham indicates 

that therm are significant individual  variations even amonq pwple 
oxposed in essentially the s..~ mnner. Use of an average excre- 
tion function does not reduce this uncertainty in the individual 
case. 

4. The urinary excretion reflects only tho plutoniu that ctr- 
culates through tho kidnOy8 and i s  not influenced by doposit8 un- 
available to the bloodstream. A deposit In a rtgion with slow 
transfor to tho blood uill result in a gradual increase In tho uri- 
nary excretion over soin8 porlod of tirim until the availablo plu- 
tonium Is redlrtributed. Attempts to use the c h a p  of the curve 
to infer the rat. of tranrfer and a measure o! total deporition 
have &en M d 8  by Healy (3)  and Beach and Dolphin [ 4 1  but such ap- 
proximation8 must be re9ard.d a8 somcuht rpeculativc and uncertain. 

In 8plCm of these uncmrtainties, the mcthod is u r d  vorldwldm 
and, in nearly a w r y  caao. t h m  rorults are converted to quantita- 
tive mstiwtos of body burden. 

follwlnp tho oqpsuro o f  nfno permon8 to =*Pu In 1971. 
yare diirrs.nblin9 a 23% h a t  e w r c e  for diagnostic n a s u r a m t n  
When one of the slmevrr on their hot co l l  manipulator develomd a 
spllt and pernittad alrborne contamlnatlon. Th. uterial in this 
80urco i 8  fomu1at.d in a .olyMrnum-ccranic u t r i x  to wake It a8 
InSOlUblO a8 poS8ibh and undoubtedly account8 Cor tho musual ex- 
cretion pattmrn i n  thoso cases. 
Po& individuals are pro8rntod here a8 ox.npl.8. Initial (within 
thr fir8t tu0 b y 8 )  measure~~nt8 of the che8t burden lnmxt roction) 
s b w d  high valu.8 but subsoqucnt 1~a8ureaenti were lower. 

Some of those pmb1.u can be illustrated vLth Obta obtainod 
They 

b r a  from two of thm hiqher ex- 

Urine 
8-1.8 t d m n  durim t h o  f irst  f w  dby8 aftor the OXpOSurO wmro 
I W  w . 1  dishin) indicating llttl. uptako by tho 8yat-k circu- 
lation. Nbsal srbbs at the time of the incident 8horrd aovoral 
thousand counts p r  minuto and suqye8ted posribh significant mx- 
posuro. BO tho 8uplinq p q r w  vas continued. rea l  ¶ample@ rhwmd 
significant activity by direct countlrq technlques, but Insolubil- 
ity w o n  in rtrong ncidr heated overnight created sorious analyt- 
Leal problem8 vlth these samples. Tho result. of urinalyses for 
tuo individuals are 8hoW1 in Fiquros 1 and 2. Am can be soon, 
thoro 1.8 a steady incraase over t b  first 300-400 days followed 
by a levalinq off. In qross appearance, this is the Increase 
postulated in the models by Kealy 1 3 1  and Beach dnd Lmlphin I 4 1  
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It is onLy i n  tho past d u d e  t h b t  e p u l p o n t  h e  bcm dovel- 
O p d  t0 p8dt O B t i N t i O f b  O f  QJbntitl.8 Of plUtOniW i n  tho LUnq 
(or mor. a c c w a t r l y .  ln Lh. ches t )  by extornal moaeuromenta on t he  
individual. Xn YIP. cases. t he  mr'. encrqotic photons ('40 k*V) 
f m  141& are us&. but  t h i s  dtwnda umn prior i n f o r m t i o n  es to 
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t he  quan t i ty  of 241& i n  the uter l r l  1nhrl .d  and upon an aaSuap- 
t f o n  t h a t  th. americium r a i n #  asaociatod with the  p1UtOniW. 
DIca on t h e  metabolism of 241CU i n  a n i u l s  I61 Yko. tho latter 
asaumption questlonrble although tho d.gr.0 of u n c e r u i n t y  i m  no t  
def inod. 

A f u l l  d.scrlptlon of the U S L  inst runontat ion and p r o s d u r c s  
i s  givrrn olaouhore. ( 7 )  Essen t i a l ly  tho p r o c d u r o  depmds upon t h e  
a c a s u r o a n t  of t h e  %17 LeV 1. x-ray8 ( u r a n i u )  i n  4.68 of tho dis- 
l n t sq ra t ions .  hR 1 2 . 7 - m - d l l u t a r  PhoSwlch do tee to r s  are p1AC.d 
on tho chest of a prone i n d i v l b r u l  and Doaaur-nts a r e  r n r u l l y  
sade for 30 minutes. The d i f f e r m c e  Ln the pllse s w  i n  tho tY) 
crystal .  [LI{tl) and C81 IT11 I u k i n p  up tk. -.rich prmit  d ls -  
c r i r i n a t i a  of the emrqy band of inurest  f r o m  tho now1 Dnpton  
continuum and honce provido much roduced room brckprounds. 

~ O C ~ U S O  of tho lor energy and frequency of the pkorons which 
arm dotcctod, t he  s e n s r t i v i t y  and accuracy of t k r  pmodure are 
not  u & as ewld bo d e s i r e d  and t he  I n t e r p r o u t i o n  o f  t h e  
measuzemente m a t  includo a n-r of co r rec t ion  L@ctors,  d e s c r i b d  
below, each of which con ta ins  its ovn sour- of uncnrtalnty a d  
bias. Tho thickness  of the ind iv idua l ' s  chest wal l ,  r a s u r e d  by 
u l t r a s o n i c  technique. determines a correct ion f ac to r  t o  account 
tor d i f f e r e n t l a 1  .b .orpt ton c o r p r e d  to  t h a t  of t h e  c a l i b r a t i o n  
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phantom. 
i s t o p u r c  In t h c  b&, Such aa thc natural  ‘‘1, i a  corrvctud by 
u r u r i n g  a port ion of tho  a p w t w  i n  tho hiqher  enerpy region 
and ex t r apo la t ing  to tho eon t r lbu t ion  i n  tha region of I n t e r e a t .  
n o  presence of w e n  r o l r t i v e l y  a u l l  q u a n t i t i e a  of othor isotopcr. 
auch aa 137Cs, CUI rmsult ln A Forroction of auch u p n i t d o  t h a t  
the a e n a i t i v l t y  for p l u t o n i u  6 . t emina t ion  La q n J t l y  decreased, 
or convcracly,  l o w  Indicationa of Chc preaence of  plutonium can 
roault .  Slncc a l l  iaotopea of p l u t o n i u  e m i t  tho x-ray. boinq 
r a a u r o d .  but with d1fforit-q froquencioa p r  d ia inc .q ra t lon ,  any 
.baolutc determination roquires knw1ek)e of  tho intmlved I.0- 
topo(a) fmn o t h e r  soureoa. Awriciun-241. a c-n contaminant 
of plutoniua ml r tuma ,  a l ao  d t a  s-roya i n  tho p l u t o n i w  r rp ion .  
I t  i a  thoreforo n e n a s a r y  to decornine tho contmnt b~ a 
aeasuremont of t h e  60-koV g .u ray. and auh t r ac t  tho e a t i v t e d  
contr ibut ion from t h i o  trotope iron tho reading i n  the plutonium 
x-ray region. 

Once these c o r n c t i o n a  have born rude t o  the n a a u r u o n t ,  
the r e a u l t  is corroctod f i n a l l y  to provide t h e  e ~ t i u t o d  q u r n t l t y  
of plutonium I n  th. lunq. 
phantom of known chest wll  thickness  and with t h e  plutonium d i a -  
cr ibutsd unifonnly through tho lunq, T h i 8  may u e l l  bo one of tho  
m r o  c r i t i c a l  a s a u q t i o n a  s inso it i a  known t h a t  tho plutonium l a  
not uniformly d i s t r ibu ted .  mia Is a p a r t i c u l a r l y  impartant con- 
r ido ra t lon  f o r  pluronlum choat countcrr  because tho 6Otector aeot,  
p r e t o r e n t i a l l y ,  a c t i v i t y  from tho ou te r  %2 cm of tho lunq due to 
the high a b w r p t i o n  of tho %17 koV a-ray. i n  t i s a w .  h u e  any 
eechanira  r h l c h  camma rod ia t r ibu t ion  in  t h i e  rubpleural  reqion. 
ruch a. m y  occur in  tho ea r ly  time period a f t e r  erpaauro,  can 
caume a change in tho reaponao of tho d e t e c t o r .  

wnt. are such that one can decoct about 9 nCi of 23%. 4 nCi of 
238Pu, and 0 .2  nCi of 241M. The minimum d t t eccab lo  amount (HDAl 
i a  defined aa a response equal t o  t h r e e  atandard doviat iona of tho 
background. 

A e o m n  operat ional  problem u i t h  such device. i o  t h e  p o r i f b l o  
presence of contar inat lon on tho s k i n  of t h e  ind iv idua l  beinq 
r a s u r d .  
the 9Wmtry. -11 . . D U n C  of p l u t o n i u  on the s k i n  vi11 g ivo  b 
p r e a t l y  m u q q o r a t d  reapanre i f  l n to rp re t ed  aa J lunq burden. 
This probla ia p a r t l c u l a r l y  noticcablo when a a s u r e r m t s  arm nado 
foLIouln9 an i n c l h n t  der.  ttm indfviduol a r y  r e t a i n  L w  l e v e l s  
of s k i n  c o a t m i r u t i o n  even a f t e r  mxtensiw &.eontamination. ?or 
thia  roamon p o a l t i n  V.lUeS Jt auch a tip. a r e  rcpardod aa auapoct 
to be f o l l c m d  up by l a t e r  c h r k 8 .  
Feasible to recognirr contamination that 10 e o a o n t i a l l y  a l l  o n  
t h e  aurface by the m t m p  of tho apectrur .  

2MPu providos .n orco l lon t  illustration of .(y of tho  p robl r r ,  
aa W e l l  as poC8ntiAl advantaws,  of thio a y m t r .  
Were -de on thoam individuals  for rovoral dbya f o l l w i n g  tho  in -  
c i d e n t  and periodically thor*aftor f o r  .bout 215 &ya. These in- 
d fv lduo l s  a l ready had -11 burdens of 13fcs .a a r e s u l t  of uork- 
i n9  w i t h  tiasion products prior t o  t h e  plutonium orpoaure.  
end o f  215 b y a  they wore .I1 involved tn  another d n o r  137Ca ex- 
poaure which. while m u l l  empared to m x i m m  pormiaaible  l i n i t a .  
Y.8 a u f f i c f o n t  t o  Mak tho 238Pu s igna l .  

art. far theao individualm arm given i n  Piquroa 3 and 4 .  m e  
r e s u l t 8  during tho f i r a t  sevoral veeks varied beyond the o t i m t o d  

Tho influcnee o f  h i g h e r  energy g a m s  m l t t r d  by o r h c t  

Thia is &ne by a c a l i b r a t i o n  uslnq a 

Sans i t i v i t i em of the  USL e q u i p e n t ,  using a 30-minute mcdaure- 

Bmcauyu of tho large a b w r p t l o n  in  tho ehos t  u a l l  and 

With experiencm i t  i m  o f t e n  

Thm incident  m t l o n c d  In t h e  prrvlous sec t ion  lnvolvlnq 

~(.asuroments 

A t  thm 
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limits ef error and than settled into a rcasormble p a t t e r n .  We 
have not idontifted def in i te ly  the CJW of tlu veri&&lity nor 
th. r e a m  for th apparent  iacrea8o after a b u t  100 &YB. There 
is a ~ s i b i l i t y  chat ttu inatrwnwtior s h i l t d  c a l l b r a t i o n  !or 
the pohts pr8t 100 by.. 
Correspond Wlth Ihr fr8t CleArAnCe phU O f  p . r t i C h 8  fmcl t h e  
bronchi41 trm. a l t w  Chi. app0ar.d a p s s i b l e  interpretation 
for thm f lr8t  t k w  or four cotmts. Ilnce 6 . t c t i o n  of Activity 
for plutoniu l r  preferenri .1 for t& Outer 2 em of 1-9 tissue, 
i t  is pos8lble, pubp 1iL. ly .  rht clurance of th. bronchi w i l l  
h ~ v e  l i t t l e  i n f l u n e e  on th. -t. U t e r n a t i w l y ,  y. h w e  m u -  
l a t d  t h a t  ch. p l u t o n i u  put ie le  mmy k t r ans loea t inp  in t h e  
lunq w e t  several w.Ls to the ~ u b p l w . 1  ;.pion *re they are 
-re visible to tb8 W e t o r .  
w i l l  be discus8.d l a m .  

A8 UAB nocad url ter ,  i n t e r p r e t e t i a n  of the body burden 011 
thbS* indlVidU418 frOr th. uriTb4 d.t. U8e  Of th. cod. 
indkatmd tht after 1100 day. ths Wtrk  body burdens usre 
e S t h A t d  This U t O r i A I  U 8 L  hAV@ k e n  t r ans -  
ferr.6 I r a  t h  1- CO th. blood.t?'.u 8s 4 r e s u l t  O f  th i s  InCi- 
den t  since the lndividurls d i d  not uork 4 t h  plutoniuu after  t h i s  
expomare, yet  the Lnitlal i nd ica t ion  of quan t i ty  i n  th. lung was 
on ly  o n  t h e  ordor of 10-30 nCi. We believe t h a t  th is  d l s c r o p n e y  
u y  be due to th. nonuniform d i s t r ibu t ion  with hoav1.r dcpcsits 
in AraeS which are not Dsmen' by the de tec to r s .  

Ru e u l y  m r l a b l l i t y  b 8  W t  8.- t o  

S a 0  evidence for chis  p s a i b i l i t y  

100 A n d  50 nCi .  
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In view of the unce r t a In t I e s  in tho ur ine evaluatfons of p!u- 
conium doposi t ion in tln body, a progru of c o l l e e t i n p  tlss~. 
s p c i r n s  from a u t o p i e s  pmrforrd a t  tho local hosp i t a l  was 
8tart.d i n  t h o  1st. SO'.. 
ac-larion of plutonium by t ho re  uorkinq i n  tho Laboratory as 
woll an backqround valwr from indlvidualm rho had I i v d  In tho 
area but had no t  boon .nploy.d Ln tho laboratory.  
t h e  program has km 0sp~rd.d to Lnclud. tissw samples Im tho 
goneral popularton In 0th.; aream and tho analytical technipuos 
haw Improvod so t h a t  th. a i n u t o  qUU1titb8 ovallablo i n  individ- 
~ 1 s  as s r e s u l t  o t  r n a u l a t i o n  from t a l l o u t  CM k B O ~ B W O ~ .  
Such b t a ,  0v.r a ri& rmp. ot  oapaauroa. uo invaluable  In de- 
t e r r i n i n p  t h e  A C t U A l  distrlbutioa of plutonium in tha body trm 
a w i d .  var i e ty  of o x p o ~ u n  o l t r u t i o n s .  
da t a  obtainod on this .ut- p c g r a  hvm b o a  prblfrhed (81 and 
sowral  add i t iona l  pqmrs urn lo propmarlon. 

galnod f r o m  autopry d.2. an4 l a  valumble to atudy pOtenrla1 ca l i -  
b ra t ion  probl.aa tor in-vivo D O ~ S U I Q I I ) ~ ~ .  

p l u t e n l w  1.1. than 4 a n t h  bogor. hor accidental d u t h  and s t o t i  
lun9 eontent of &out 4 nCi ID oatlrutod by cfesuo analysis. 

?hi. providod an ul t imate  check on thm 

In tomnt years 

h. procodune and tho 

I n f o r u t i o n  on tho b i s t r i b u t i o n  oI p l u t o n l m  i n  lung can be 

Caple t .  l ~ n g ~  woro obtain& fm f a l o  w h o  was e x p o ~ d  t o  
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plutonium work Lor 26 years1 his t o t a l  lung Content uas h u t  16 
nCi, e 8 t i r u t e d  by tissue ana lys i s .  
sup.rior lob. of on. lunq was divided i n t o  3-4 m-wide t ISSue SeC' 

t i o n s  u d e  ho r i zon ta l ly .  s t a r t i n g  a t  t he  top.  I n d i v i d w l  sections 
were then divided i n t o  ploural  (-1 ml and p r c n c h y n r l  rugions to 
obtain SOI Indicat ion of plutonium diatrlbut!on. In the r ecen t  ex- 
posure c a w ,  the re  vas l i r t l o  d i f f e rence  i n  t h e  concentrat ions be- 
tueen the  t~ regions.  
i n  the plutonium coneontratlon i n  both r rq ion r  a8 one proceods 
i n f e r i o r l y  Cror the  a p x  of th. lung. 
aal sec t ions  bJW* a l s o  subdlvidod i n t o  a 1-1 c m  ou te r  r q l o n .  1-4  
em intennediace rcglon, and an inner  s ec t ion  containing t h e  m j O C  
bronchl i n  those w e t i o n s  c lose  t o  t h e  lung contet where those 
s t r u c t u r e s  w o r e  a p r e n t .  h e r e  was l l t t l e  d i f f e r e n c e  betuoon 
th. ou te r  t w o  r q i o n s  of puenchym but th. concentrat ion i n  t h e  

the  individual  with t h e  long exposure ti-, the concentrat ion l n  
the pleura in t h e  reqion fma 12-24 mm from t he  apex was 8oae 
10-35 times that Ln t h e  wrench-. Unfortunately,  the a n a l y t l -  
tal r e s u l t s  fo r  the sec t ions  between t h i s  reqion and t h e  middle 
level8 of t he  lung did not permlt an e s t i m t e  of chcnlcal  recovery 
and,eonsequencly, t he re  are unce r t a in t i e s  as Co t h e i r  abso lu t e  
v a l w .  

approxinr te ly  those of t h e  parenchyma. 
to those of Nelron I91 who reported concentrat ions 59 t i n s  w e a r -  
er i n  t h e  p l e u r a l  and subpleural  t i s s u e s  than i n  the  parrrrchy.ra 
in A former worker r i t h  25 years of po ten t i a l  exposure. 

Wail8 w e  cannot draw firm conclusions from only two cases .  
th.8. da ta  =auld s y q e 8 t  that the  plutonium i 8  f a i r t y  miCorSly 
deposited rhroughout tho lung a t  reasonably short tlovs fol lowing 
exposure. 
s o w  Subpleural  reqionr  either by migration t w a r d  tho pleura or 
preferent i rL d i s i n a t t o n  from t h e  parenchyu or a conbinat ion of 
both. nDre d a t a  ir n e e h d  to contLm these observat ions.  

docuuntod.  [ l o ]  I n  our lonq-term exposure case ,  t ho  trachoo- 
bronchial  lmph node8 had concentrat ions about 4 0  t i n s  that of 
the  lung as would bo exp.ctod troa past data. buc i n  ouz aeuts 
exposure Cas0 the l w p h  no& concentrat ion was a b u t  o n e - f i f t h  

'I 
t 

In  each of these cases, t h e  

7 

I 
1 

mere was, however, an apparent i nc rease  

In t h i s  case. t h e  parenchy- ;i 
region containing tho bronchi app..nd l-r, I n  t h e  l w g  f ro l  ' 1  

, - 

They do i nd ica t e  a decreased concentrat ion in  t h e  p l e u r a l  

"hare r e s u l t s  are siIIdlar 
sections toward tho middle l eve la  of lung vher8 concen t r a t ions  are I 

I 
I 

' I  

.I 
,I, 

As rim p.sm8. t he re  swm to be concentrat ion i n  // 
me J C C ~ U h t ~ O n  of plutonium in  the lymph nodes has been well 

tl 

i 
.[ 
, I  

t h a t  of the lung a8 a whole, fndlcat inq that concentrat ion i n  t h e  
nodes had barely a t a r tod .  mi. ob8ervation ind ica t e s  t h a t  tho 1. 

l a r  to that descr ibed by Thus 1111 lor the dog. 

a n a l y s i s  h a  h o n  usod to calp.re u i t h  a n t e m r t m  estiutes by 

. I  

k l n e t i c s  of accumulation by t h e  lymph node i n  h w n s  u y  be .id- 

An e s t i w t e  of rho quan t i ty  of plu?.eniw i n  the  body by t i s s u e  ,' 
? 

o t h e r  techniquos. Such an e s t l l u t e  Q . s  involve considerabLo un- 
ce r t a in ty .  p.rCicular1y i n  obtaininq the  t o t a l  ske l e ton  d.posit. 
Autop8y 8anpl.S of b w  are only on t h s  ordor o f  a tw pcrcmt of  
th sk*leton and c a l c u l a t i o n  of total d e p w i t l o n  requires l a r p .  
Scal ing f ac to r s .  Curthsrmro, wids var i a t ions  i n  t h e  p l u t e n i u  
content  o f  ind iv idua l  bonos arm possiblm. 1121 Table 1 i n d i c a t e s  
the comparison bc tbwn  urlno e s t i m t e s  and tisNa e s t i n r t e s  for 
those Cas48 which had a BUffiChnt p t u t o n i w  In the body to be 
measurable and for which a reasonable nrnber of urine samples were 
0btain.d. 

¶he var i a t ion  i n  t he  r a t i o  hetween the  two e s t l n u t e s  (u r ine  
V I  t i S 8 u e t  is s i m i l a r  to those reported by o t h e r s  (13.141 w i t h  the  

:i 
I 
I 
I 
t urine e a t i n u t e  k i n 9  hlqher than that found a t  autopsy i n  a l m s t  
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every casc. Tho ualuc of 120 ( l im 4 ,  Table I )  iS O u t  of l i n e  w i t h  
the  o the r s .  However. i nvos t lga t ion  of tho ur ine r e s u l t a  i nd ica t e s  
that  th. high urino e a t i u t e  waa e n t i r e l y  due to tbm sampler i n  
the 19SO-60 era.  Sampler tahon prior to And ColLwing the  high 
reader8 were below tho dotect ion lidt. 
i n  tlm with Lanphm'8 . p r u t i o n s  one C S n n o t  assure  t h a t  ehia wa8 
mt a t r u e  ewposure an6 lt  is c a r r i e d  i n  the records as such. 
mwwr, i n  r e t r o a p c t ,  I t  @ m a r ,  t h a t  t he  two s a q l e a  i n  quc8- 
cion nay bo d m  t o  c x c o r ~ l  c o n t u i n a t l o n .  This aqa1n LILU8- 
t ca t e s  t h e  difficulty of I n t e r p r e t a t i o n  of r eau l t8  of t h i a  nature  
and the unce r t a in t io s  i n  th. aIUY.C. 

lung and 1-h ~ d . 8  and tho w - c a l l e d  "syst.nie' burdon, tho 
quant i ty  i n  o the r  orqans 8uch as bone, k i d n y ,  l ~ v o r ,  and m a c l e .  
h i s  is customary stnco it is a8m-d t h a t  th. Lnnphn . qu r t iona  
only relLect  t he  quan t i ty  a c t u a l l y  enter ing tho bloodatroar  and, 
€or t h i s  purposo, th. lung and lymph nod.. bra c o n a i d e r d  to bc 
ou t r ide  t h e  c i r c u l s t o y  sp-. 
this concept as it app l i e s  to rh. lonq-term deposit In t h e  lunp 
since t h i n  r a t e r i a l  l a  probably no longer in t h e  aIv-11 but is 
incorporated I n t o  the  tissw s t r u c t u r e .  
Ination i n  the  Lanqlum -tIon r ep resen t s  bone r-delinq and 
e l l r i n a t l o n  from o t h e r  tlasrua, it appears r easonabh  t h a t  a si- 
i l a r  e l imina t ion  o r  wxcheng. will occur with the  plutoniun a- 
k d d e d  ananq the cells of  tho lung or l n  dratnage from tlu 1ylaph.t- 
i c  systom. The80 locations also permit can tac t  of plutonium with 
tissw f l u i d s  and vould a t t a i n  a t r m a f e r  rate to t h e  syatemie 
c i r cu la t ion .  The i n f l u u w s  of t h i a  on t h e  excret ion curve m y  be 
as important i n  a f f c e t i n p  t h  ur ina ry  ro8u l t s  as t ho  mvemont f r o m  
the l i ver  or bone. OnIy additional e x p r i m n t a l  data w i l l  pernit 
v e r i f i c a t i o n  and quan t i f i ca t ion  of chi. hymthcBls,  b u t  inclusion 
of long-tern lung content i n  tho body burden gives b e t t e r  cor- 
re l a t ion  v i t h  ur inary excret ion e s t ima tes .  

Due to the  r ap ld  drop-off 

In  Tab10 I ,  we have dls t ingui8hed k t w r n  t h e  anount i n  t h e  

Ye a r e  m i n n l n g  now to quostion 

Since the lonq-term eLin- 

DX5CUSS ION 

th. cases  deacribmd i n  t h i s  p a p r  i l l u r t r s t e  a n u n k r  of i m -  
po r t an t  and untero1v.d quaat lens  in a t t e q t i n q  t o  m e a u r e  t h e  
quantity of plutonium in th. bodios of ~0Sker8.  
r t h o d a  at. still in pnmaa of d a v o l o p n t r  these e a r l u t o s  are 
h s e d  on c a l i b r a t i o n  w i t h  uniform ei*tr lbucIen i n  tho lvn9 but 
the r e s u l t s  are sensitive to nonuniform d i a t r t b u t l o n  effects t h a t  
are l a rgo iy  unknown nmt. 
with t im h a d i n 9  to  a b i q h r  concentrat ion In tho lung per iphery 

lung d*toctor for a givon q u n t i t y  i n  th. lunq since t he  photon8 
o r ig ina t ing  from t h i ~  r t e r i a l  on the aurfaa  of the lvnq vi11 bm 
lesa sub jec t  t o  a b s o r p t h .  tlote that chi8 h r  not n o c a a a r i l y  
mean an increaae in rssponu for  a given e a r  aim. e l i a i r u t i o n  
is occurr ing at  th. 8- t-. 
basic  l i m i t a t i o n  on th. accuracy of such moasuraMnta unl0.8 
fu r the r  atudy can ptovid.  r e a w n a b l e  e s t i u t o a  of t h e  d i s t r i b u t i o n  
e f f e c t  with c i a .  In the  casos of z%u i nha la t ion  &scribed.  I t  
waa not posaible  to  I b n t l f y  changes i n  the lun9 burdon with cer-  
t a i n t y  by C h e s t  countlnq due t o  variances in  the da t a  during t h e  
flC8t 215 daya. 
w u l d  i nd ica t e  the t r a n s f e r  to t h e  b d y  of a o w  3-5 t i r s  18 mFh 

The lung countinq 

Z f  our sp.culat1ons as to  r e d i a t r l b u t i o n  

COrreCC, Chi. e u l d  10.d to M iXr8rU in tho raspon8e O f  tho 

If t h i a  i s  t r u e ,  it u y  provtde a 

However. t h e  subaoqwnt  ana lys i s  of urtne data  

plutonium 0w.r 
4s t he  i n i t r a l  
b l w d n t r c l n  WJ 

marl1 partion. 
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plutonium owr a period of 1200 dayu as the  lung counter indicated 
JS the i n i t i a l  depos i t .  Since tho  f r a c t i o n  t r ans fe r r ed  t o  the  
bloodstream was undoub td ly  on ly  a port ion,  and p r h a p a  only a 
smsll por t ion ,  of that Initially deposited i n  tha lung. tho re- 
sponse of t h e  countor was even l m r .  
sIncs w cannot v t s r u l i i e  a p l a u s i b l e  d I s t r lbu t ion  which would ac- 
cuunt Cor such 4 h h f ac to r .  On a physical basis, tho use o f  
241- inDt0.d of 118, would . m a r  t o  
e s t t m t e l  f o l l w i n g  inha la t ion .  
no measurable a s r r l c i w  content  for s u c h  w e .  

t h a t  one cannot r e l y  on u r l y  wino results t o  e w n  pi*. an ind i -  
cat ion of a p o t e n t i a l l y  so r ioua  exposure and t h a t  follow-up u r lne  
samples a10 nocesury. Y r e a l l r e  t h a t  t h i s  was an unus~W u t a -  
r i a l  not encountered f r e q w n t l y ,  b u t  t h i s  m y  a l s o  b t r w  of 
reactor  f u o l r  t o  b. umd i n  the f u t u r e .  It was not u n t i l  .OI 
BOnthD h d  p.sred t h a t  t ho  p o t e n t i a l  intake by there  individuals  

This is purr l lnp to us 

advantaqeous i n  the e a r l y  
In  these ?)SPY caIes. t ha re  was 

Anothac lesson which w have learned from those exposures 1s 

bwum apparent.  

appoar to ba s o r v h a t  high c0mpar.d to t i s s u ~  A I U ~ Y S ~ S .  They uere 
dwigned for h s a l t h  p r o t c t l o n  purpeses So 4SSurptIons t h a t  need 
to be u& tend to bo c o n s e r v ~ t i v o  and result in higher ( sa fe r )  
e s t i u t e s .  A high estimte can bo lesa d e r l r a b l e  i f  applied to 
problems othor thsn r ad io log ica l  c o n t r o l  purposaa. IMo such appll-  
ca t ions  are as ses s ing  individual  risk for e o n t i n u d  work with plu- 

i n  wrkars by epidamiological mthods for possible  dose-eff.ct  
r e l a t ionsh ip . .  

individusl  from work with p lucon l rv  i f  the est imate  of body burden 
e x c e o d ~  given value.  I n  soma instancca the  value chosen is l e s s  
than the  n a x h r a  prr i sa ib lo  body burden. 
es t imate  m y  be u u d  i n  a n  a r b i t r a r y  fashion to  a f f e c t  an individ-  
u a l ' s  c a m e l  and fu tu ro  without  pr0p.r wwlqht k i n g  given LO chess 
unce r t a ln t io s .  It i s  not clear t h a t  porronal p l u t a n i m  risk 
should sup.rsode a11 othor considerat iofu l n  the docision. Is th. 
s i t r u t i o n  much d i f f e r e n t  than i t  ue require a truck dr1-r t4 stop 
h i s  d r iv ing  k c a u s e  Y n c o q n t a a  h i s  risk i n  grea te r  than sow 
o the r  vocation? Job d i s p l a e e w n t  represents  a d r a s t l c  s tap  for 
t h e  ind iv idua l ,  p a r t i c u l a r l y  i f  he has  t r a in ing  and experience i n  
tho job for p r l o d  of  ti-. Ye bo l i eve  t h a t  Chi6 should be A 
mtter lor d r i s i o n  by tho i nd iv idua l  w i t h  tho counsel of r d l c a l  
and manageynt porronnel and -kin9 i n t o  account h i 8  age. s ta te  of 
hea l th ,  poeenelal  pmbl-s [ inc lud ing  r i sk )  on an a l t e r n a t e  job, 

It is probably not  s u r p r i s i n g  t h a t  estiNte8 by UrinAlyriS 

tonium or othar r A d i M c t t w  srtorials and aSSeSSing hca!th a f f e c t s  

There aro st rong m t i v a t i o n r  f o r  mst employers t o  r- an 

A f a l s e  h igh  body burdrn 

and th. c e r t a i n t y  O f  h i s  indlVidWl e-ure * # t l N t C .  The M X i -  

prmirsibh body b u d o n  i s  invaluable  for heal th  physics con- 
trol purpOB*8 l n  tho p l a n t ,  but  should be wed as only one cp- 
Wrative p iece  of i n f o r u e i o n  i n  th complex d r h i o n  of individ-  
-1 vork umignmnt .  For this prpose, body burden ca l cu la t ions  
Should strive lor tho best possible estimate.  ra thor  t h n  a con- 
se rva t ive  Ihigh) e r t i u t e .  

I . p r 0 V . d  tochniq\l.s f o r  body burden a r H a m e n t  are a180 needed 
for a11 s t u d i e s  used t o  as-w tho v a l i d i t y  of t h e  u r i w  permis- 
sible limits. I f  YO are t o  d e r s t s n d  batter t h e  risk inrolvod in  
the use of plutonius ,  y. nod long tern data on the  h a l t h  o f  In- 
dividual. exposd t o  it as wll as good estimates of t h e  expasure. 
EsthAtU that as0 b l a d  SySteMtiCaLly on th. hiph s i d e  could 
1 C . d  to false conclusions on t h e  dose/cffact  r a l a t i o n s h i p .  
studies ncod to be done to answar t he  queations of r i s k  a t  various 

Such 
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exposure l e v c l a .  Only eontinuour s u r v e i l l a n c e  of eupoaed popula- 
t r o n a  corre1at.d with adequate emtinutma of the  body burden8 w i l l  
parnit ua t o  as8eaa tho v a l i d i t y  or need f o r  revisron O f  the  m z d -  
mum p a r n i r a i b l e  llmltr. 

These e x p r i e n c e a  and result. convince ua t h a t  w r c  rcaearch 
and atudy are neoded i n  I n a t r u n n t a t l o n  developr rn t ,  measuremnt 
technology. and a n a l y a i a  of d a t a  on plutonium i n  sari. O u r  knout- 
edgo of  plutonium burden. i n  m n  e o n t h w a  to reac  on a b r a  t h a t  
ir not s u f f i c i e n t l y  **cure to r e l a x  or t o  f e e l  comfortable. 
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D I S C U S S I O N  

P.M. LEGUEN: Three year. ago at Fontenay-aux-Rorer w e  obrervod 
a contamination incident of the mame order  as the one you have referred io. 
involving inhalation of plutonlum-238. Thlr tncldent concerned 17 workers 
and two of them were choren for follow-up becaure of their Initial lung 
burden a i  rrtimatod from X-ray spectrometry and from the activity of 
faeces and urine sampler. The estimated lung burden was of the order  of 
15 nCi for one of the patientr and 10 nCi for the other, Over a period of 
two yearn 24-hour urhe ramples and  3-day faecer rampler were measured 
r8diochemIcally twice r month, a practice now carried out on a routlne bar t i  
In the medical departments of the CEA. The urlno activlty war always 
8Iight. of tho order OS 1-4 pCt. and prPctkPlly without variation, but the 
activity in the rt00h - initially of the order  of 1 to 3 nCi - decreased 
steadily over the entire period of observation. 

On the basis of this curve for excretion of the contamlnant in the facccr 
the hygtcnimt war able to ertlmate the dose to tho lung. Thlr do80 was only 
a factor of 2 higher than that obtained urtnp X-ray spectrometry in the 
f i r r t  week. 

found It dlfficult to ertlmate the dore received. 

of plutonium whlch you find In the pleural and cub-p1aur.l regions of human 
IungB, aI dlrtinet from tho lung parenchyma. agree wlth obaervatlonr Ln 
experirnontal anlmala such am rodontr and dogm. Have you done any mlcro- 
dorimetry rtudier on the r tc t ionr  of human lunpr you dererlbed? This  
would be a useful study In view of current controverry about tho dlrtribution 
ol the alpha-radiation dore from inhaled plutonium In the lungr and rpocu- 
iationr about the rrlatlve radiocarcinogenic senrftfvttter of the human 
bronchial epitholtum and the branchlolar urd alveolar eptthelta, 

G. VOELZ: We h r v  done radioautographic rtudicr on the long-term 
rxporuro autopry care dlrcurred in my paper. Urlng a track-counting 
tcchniquo wo hope to ertimatc the prrticle rIzc of the plutonium deposited 
in the lung. So far, countr on about 120 much p u t i c l e r  have been malyred 
and the n r u l t 8  show only rmall partic108 in tho lung. I c r s  than one micro- 
metrm. We are not convlnced that the prccirion of much rtudier is adoquate 
for microdosfmetry calculatfanr. Another complication ir the probability 
that .om. movemont of particles occurs wtth time. We h8ve not found any 
technlquo that I8  more procire, and would welcome any idear on how to 
make such meuuremontr  . 

C.I).  SCSIOFIELD: I rtrongly endorre your plea for a rearrerrment  
of the methods ured at prerent  to ertlmate plutonium body content. During 
tho part 10 year. we have conducted autopsy examlnations on 18 plutonium 

If we had mtre ly  taken the urinary excretion curve, we should have 

W. J. BAIR: It 11 of interest to note that tho hlgher concentrations 
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worker8 at Windscale and the finding8 reflect those reported by you and 
other8 in the United Stater In that the in-vivo urinary e8timele of body 
content 1s urually between 2 and 10 timer higher than the direct ertirnate 
from autopsy material. A more realistic method of in-vivo errerrrnent 
la therefore needed. and thin would result in le66 exacting restrictions 
on workers in the nuclear indumtry. 
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