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Studies of 
Plutonium in 
Human Tracheobronchial 
Lymph Nodes 

ABSTR.ACT 
Since 1959. risrues (rum 70 occuputiclnrlly expored former urnploy. 
ccs o f  the Loi  Alamor Scbntific Lahcrarory have been cxaniined 
ful)owing autopsy. Exposure in most cases wbs to i n b l r d  plutonium 
oxide aerosols. Chemical wrlyrer of selected tkruas wcre performed 
to dcrermine (he amount uf plutonium retained in rhc body a t  the 
time o[ death. On the hasir of rhr mearurcd tissue concmrraricnr of 
plutoiriun1. exrrrpolitionr of tntrl.body bwdmr were made. 'fhirty. 
three of rhe meuured cue8  had pluronjum drpooirionr in the 
trarhcobronchid lymph nodes ran$ing from 0.) to 4U00 dpm per 
gram of ~iinur (0.05 to 1600 gCi/g). The durarion of exposurer 
r a q e d  from 4 rn 10 yews. Microscopic cwamlnatian o f  rcprclenta. 
tivc vctionr of thew lymph nodes revealed no ibnormditicr orher 
than thole which wort duactly ritributrhls cn the baric dircatc rhar 
caused the demise uf rhe various persons in thw study. Thr rize 
distribution of plutonium prrticles in  nadcr cram ine. individual was 
determined by exposing tissue sections to nuclcu track film. The 
ertimrird miss median. diamcte.r of the prticles was 0.3 pm. and 
the dirrribuciun had A geometric rtandard devirtion oi 1.6. I t  is 
e8timm.d that 95% of the. individul particles had cortopondinp 
plutonium conccnmtionr brcwecn 0.001 and 0.12 pCl 

A R r c u  dcJ of interest and concern has been generated 
regarding the effects on the human body of inttrn~l ly 
deposited alphaanitcing radioisotuper. AIthough animal 
data are abundant, the collection of humin data Ius been 
rarhci m e q e r  and the extrapolation from animrh to 
humans always resuIts in some daubr as to ict  rcliabihyq 
Tissues from 70 farmer employees of the LorIAhmos 
Scientific trhnrrrory (LASL) who hod potentid occupo- 
rional cxporurcr to plutonium were removed for malyris 
after death. Hibtdugic s t u d i t s  were made on most of rhesc 
tissues, and rsdiunietric analyses were pcrformtd on the 
same tissues to determine the amount of plutonium, i f  my. 
recdncd at. the time of death. From these data whole-body 
contents of plutonium were extrapolated and compared 
wich iii vivo esrimater b u d  on datr from hoth urine 
mrlysir and lung counting technigucr,' This k.ind aE 
comparison is parr of the ongoing program a t  LASL to 
improve rhe urine bioassay cslculattions on laboratory 
perionnel currcncly warking in the pluronjum labocacorier. 
Thirty-rhrce of the cases m d y z c d  chemically had n2chro. 
bronchial lymph node depositions of plutonium rulging 
horn 0.1 co as high 3s 4000 dpm per gram of tissue (0 0 5  to 
I800 pCilg;. This paper rcporrs the pluconiurti concentra- 
tions and prthological data on those ( : I S C I  f v r  which the  
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.\IE'CHODS 
'hc u h l e  lung and associated trrcheobronchiJ lymph 

w d c s .  the liver, rhc kidneys. and '1 bnnc spscimc.n , l ~ i i i r l l v  

3 n*:teI.w;Il wcdgr were routinely n k c n  ; I [  .xuroyry i;:r 

: .nJ : :mc ir i r .  analysvs.  Small ampler were r e m i ~ v e r l  !;uriri 

: ~ i c . e  t . ismcs .and processed with orher tissucs ,:if' y c . . L :  
. . r ' , c t i t s -  !o the prrkotogisr LL parr id rhe autopsy p r r , : ~ x d ,  
t i i i t  .:ic.qnI rlidcr o f  tracheobronchial lymph I:O&S ..Yc':: 

2v ;oLh ie  t'or study i i i  14 ot [he previously menticried ;i.;c;. 

The tissues were weiehed 2nd rnufiled, and t h e  i;ii)r. 

p n i i  residue w u  wet-irhrd io nitric acid. T!re rcru1:ing 
rdrs were. treated with hydrollcoric acid tir solubilize d n y  

remaining p1utonii.m crrunict and. after remow) 01 the  

e x c e s s  borides. :he salts were dissolved in  nitric drid. 

[niriallv. an internal tracer of 2'6Pu (which more rccznrlv 
ha !+em replaced by "'eu) was uicd to determine riw 
t h c m i c d  yield oi the 239-140Pu and ' 3 s P u .  The pluis -  
r i iuin was isolated b y  anion txchonEe and electrodeposited 
o n t o  wainlets s t w i  dirks. Alpho-puLe.heigh~ rpectromern 
was used to measure rhc 4.9- to 5.7. MeV plutonium alphr 
v nergies. 

ki 4 tcw cases of rwpected high IevelP of r c r i v i r y  in ~ h c  
iymph nodes, the specimen was countetl wi th  J !!; in 
(51 -SaJ X-rav cerectnr for both the I?ke\' X (,I)' 

emirred in rhe pIutonium decay and the 17. and 6O.keV X 
rays associated with " I  Am. This method I u s  the. dm- 
*.age o i  being nor.dcstructivc and w u  used 10 ohtain the. 

-etarive activities . n  tach nf rhe 12 lymph nodes obtained 
I'iorn \:asc 7.138, an occupationally expored worktr \vi15 J n  
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where  C = number of tracks in the emulsion [rum parti- 
cles of diunecer d microns, issuitling 50% 
ge om e i r  y 5 

t = autoradiograph exposure time 
K = constant = 6.32 x IO-'  'I 1MllpXf)J = 2.76 for. ' PUO , 

molecular weight' of compound = 271 f o r  
23yP00, 

and with 

o = densiry of compound 1146 glcrn' 
A decay ConStaiit of the alpha cmitcbr..' 
F = number of r d i o a c t i v e  atoms p u  molecule of 

Thc dphr tracks were vrumed CII originate frem 2pyPyoj 
prrticlcs. .q seven4ay exposure and a rhrce.rrack star 
permit the detection of a plutonium partick 0.09 c ~ m  in 
clirinetcr !,0.0002 pci plutonium). The tksuc sections used 
in this rtutly were also examined histologically for evidence 
of' .ibnormiliiier resulting tiom the  alpha radiation. 
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. :. 
KESG LT'S 
Alpha-Radiation E.ffeccs or1 Trache~brr.~r~Iiial 
LVR$I Yodts 

.SelecrcJ idorinacion on one biopsy and 13 auroprird 
,-.ucs in which the tracheobronchial lymph nodes were 
rxomiitcd h c h  hist.olopicallv 41-16 chemically i.s rommarized 
iii Table 2. For rhe autopsied t m s  the  years since thc first 
yotential c x p o s ~ r e .  are repretcntrd as the rime f rom the 
d.+rr. of hiring a t  L.or Alirnos Scientit'ic Laburrtory to 
death. It was assumed that rhc exposure incidents were 
inhalation c.rpcisurcr wh1c.h occurred during the early yc.us 

oi t h c  l rbor r tory  opetation I945 r o  1455)  beiurr. i m  
proucd industrid hygiene m d  hc;tlrh  physic.^ requirei.nerr ts 

rcduczd d p i f i c i n t l y  the air Ir.vcIs ot p l i r i i i i i u n i  in r.hc 
!ahorittortes .and :>IC. workers werr. p:ovidc.d with  morc 
e* t i c  tcnr p u w n a l  c.crpiraror? prarcctltrls 

&.)iir!wopic t . y d n l i n ; a t i o r >  ot  :hr btatned thin recrion., of '  

Iyinph node rcwrlcd no ,ahnuimaiitic% o:hcr :han those 
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d u n  m d  rcduction aperirionr i n  rhe lavility in which rhir 
crnploycc had :see Table 6j. From the t d h -  

lation of plutonium-aerosol sizes rod rhc eitirnatcd pluto- 
nium activity in the entire node <65! l  pCi), the number (it' 

plutonium particles oi various Jiamcrers wwe: c e l c d i t c d  
Table 5). The pa[aneterr associated with rhe Ingarithiriic 

normal tlistriburicin indiczte char 95% of the zlpha.;lc.civt 
parficles in this lymph noah have corrcrponding plutonium 
acrivities hctwtcn (1.(101 and 0.22 pCi. 

SUMMARY 
hticrorcopic examination nf lymph node tissue from 

occupvcionally exposed workers has revealed no obnormal- 
itics other than thore directly attributable to the baric 
disease that caused the death of rhe various perrons in this 
study. 

The discribation of ' J y  PuO, particles in one tracheo. 
bronchial lymph node. was dcterminrd 10 have a miss 


