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ABSTRACT

Since 1959, tissues frum 70 ocru patianally exposed former employ:
ees of the Lor Alamos Scienufic Labaratary have been examined
following autopsy. Exposure in most cases was to inhaled plutonium
oxide aerosols. Chemical analvses of selected tiszues were performed
to decermine the amount of plutonium retained in the body atthe
time of death, On the basis of the measuted tissue concentraricns of
plutonium, extrapalations of to1al-body burdens were made. Uhicty-
three of the measured cases had plutonium depontions in the
tsachenbronchial lymph nodes ranging from 0.} 1o 4000 dpm per
gram of tissue (0.05 to 1800 pCifg). The durarion of exposures
tanged from 4 to 30 years. Microscopic examsnation nf representa.
tive sections of these lymph nodes revealed no sbnormalities osher
than those which were dizectly asteibutable to the basic disease that
caused the demise of che various persons in this study. The size
distribution of plutonium particles in nodes (rom one individual was
determined by exposing tissue sections to nuclear wack (iim. The
estimated mass median diameter of the particles was 0.3 ym. and
e distributicn had a geomernric standard deviation of 1.6, (¢ i
estimsted that 95% of the individual particles had corresponding
plutonium concenyrations between 0.001 and 0.22 pCl.

A great deal of interest and concern has been generated
regarding the effects on the human body of internally
deposited alpha-emitcing radioisotopes. Although animal
data are abundant, the collection of human data has been
rather meager and the extrapolation from animals to
humans always results in same doubt as to its reliabilicy.
Tissues from 70 former employees of the Los|Alamos
Scientific Laborarory (LASL) who had potential occupa-
tional exposures co plutonium were removed for analysis
after death. Histologic studies were made on most of chese
tissues, and radiumetric analyses were pecformed on the
same tissues to determine the amount of plutonium, if any,
recained at the time of death. From these data whole-body
contents of plutonium were exttapolated and compared
with in vivo estimates based on data from both urine
analysis and lung counting techniques.’ This kind of
comparison is part of the ongeing program at LASL to
improve the urine bicassay calculations on laboratory
personnel curtently warking in the plutonium laboracories.
Thirty-three of the cases analyzed chemically had racheo
bronchial lymph node depesitions of plutonium ranging
from 0.1 to as high as 4000 dpm per gram of tissue {0 05 to
1800 pCi/g}. This papet reports the plutonium concentra-
tions and pathological data on those cases for which the
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tracheooronchial v nph nodes wese examined it autopsv.
fn .ase 7-138. m which the highest concenmannn af
plutunium 1800 ptlilg; was obsarved. arrempts were made
w entimate the sizr range of the plutomum purticlaes
dispersed througho 1 the node,

METHODS _

“he whole lung and associated tracheobronchial lymph
nodes. the liver, the kidneys, and a bone spacimen nsually
3 vertebra) wedge were routinely raken at autopsy for
sadivmetsic analyses. Small samples were cemuved soun
hew ussues and processed with other tissues of sprotiy
-rrerest to the patkologist as part of the autopsy presaval,
Histaieyneal shides of tracheobronchial lymph rodes were
avatiabie tor stody in 14 of the previovsly mentioned vaivs.

The tissues were weighed and muffled, and the inor.
gam residue wus wet-ashed in nitric acid. The resuliing
salts were treated with hydrofleoric acid to solubilize any
tematning plutonim ceeamics and, after removal of the
excess fluorides. the salts were dissolved in nitric acid,
fnitally, an internal cracer of 23%Pu {which more recently
has heen replaced by 2*?Pu) was used to determine che
chemical yield of the #2°73*%py and 23%pu. The pluto-
nium was isalated by anion exchange and electrodeposited
onu> stainless steei disks. Alpha-pulse-height spectromerry
was used to measure the 4.9- to 5.7. MeV plutonium alphs
vnergies.

[ 4 fow cases of suspected high levels of activiey in the
iymph nodes, the specimen was counted with 4 i
Csl -Nal K-eav cetector for both the 17-kev X v
emuzed in the plutonium decay and the 17. and 60-keV X
rays associated with **' Am. This method has the advan-
age of being nordestructive and was wsed to cbtain the
relative activities ‘0 each af the 12 lymph nodes obtained
from vase 7.138, an occupationally exposed worker with an
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estimated body burden of 33 nCi of 239 py on che basis of
urine assay’ isee Table 1. Two of the aBdes containing the
highest alpha acovity were selectod for auroradiography.
the Formulin-fixed nodes were enhedded in parattin ind
cut into 6. 12, 40d 18 gm thick seciions, which were then
mounted on standard microscope ides and ciained. The
slides were Jipped into nuclear track photographic emul
sion, and the film was allowed o cxpase tos ) week undes

. standard neclear rrack activiey NTA® conditions. The slides

were then developed and examined for the presence of
alpha tracks. A typical star patcern resulting from ihis
method of recording the presence of alpha-active particu
nes i5 Muswated in Fig. 1. By countng the number of
tracks in the emulsion sssociated wich each star and' by
knowing the exposure nime. we can calcolate’® che size of
vach alpha-cmitsing particte from the tormula

%
¢

where = number of tracks in the emulsion frum parsi-
cles of diameter d microns, asswining 30%
geomeery F
t = autoradiograph exposure time
K = constant 2 6.32 x 107" ? [M[{pXf)] = 2.76 for.
210
PuQ, )
and with M = molecular weight of compound = 271 for
23y
PuQ;
o = density of compound @ 11,46 g/cm?
A = decay constant of the alphs emiteer.
{ = number of redigactive atoms per molecule of
campound

The alpha tracks were assumed co ociginate fram 2% PyQ,
particles. A sevenday exposute and a three-track star

permit che detection of a plutonium pardcle 0.09 wm in -

diameter (0.0002 pCi plutonium). The tissue sections used
i this study were also examined histolagically for evidence
of abnormalities resulting from the alpha radistion.

RESULTS
Alpha-Radiation Effects on Tracheebronchial
Lvmph Nodes

Selecred information on ont biopsy and 13 autopsied
rases in which the tracheobronchial lymph nodes were
examined both histologically and chemically is summarized
in Table 2. For the autopsied cases the years since the first
potential exposure are tepresanted ag the time from the
date of hiring at Los Alamos Scientitic Laboratory to
death. [t was assumed that the exposure incidencs were
mhalation exposures which occurred doring the early years
af the laboratory opetation 3945 ro 14551 before im:
praved industrial bygiene and healrh physics teguirements
reduced sigriticandy the air levels of plitunium n the
Liboratories and the workers were provided with more
etficueny persanal tespiratory protecban

Microscopie examination of the starned thin sections ot

vmph node revesded no abnormalities other than those

TABLE | Concentration of Plutonum and Amerwsum iu the
Fracheobroncinal Lymph Nodes of a Plutaniuin Wotker

Estimated sotupe conrentatian®

Nt Weght, . PCypude pCiigram of nssue
b mg My Mlam 2y, Mlam o Puam
89 Mt s 29 5 149 9z
P31 N i 148 D) b
139 L1 D ~Ds ND
k] T 10 269 i "4
a8 151 18 A3 %3
A28 539 7 1034 12}
(4 <83 +4 9866 3%
. VI8 1Y 3 pR{vN] i8
14 39 7 342 (] b
1118 182 32 103) [ 'i
181 32 26 1BOS T [
433 1 K 926 9 10,8
Mean 370 Q) 2.2
-18.D. 493 33 1N

tuaged an 37 and 60 keV Xztadiatinn measir ome e
“ef), sat detec able
1vatmddeded o caleulated mean of data,

xhicn would be expecred from the individual diseass
proac csses that waused the demise of the various individuals
Ciicwed in o thsy study. Many of the podes appeated o
2 ontain noemal wetivity, such as hyperplasia in pregmaonia
wd cumor metastasis in cances. The pulmonary nodes ot
sersans who aird fram trauma were patholugicaily un-
- rkable.

Particle Size Distribution of 2 ?° PuO, in

Lvmph Nodes
Because ot the relatively high levele of depesition
woserved in the lymph nodey of case 7-138 13 metul
1inrication techuician employed 26 years at LASL). it wus
asemed feasible ro attempt measuremens of the alpha-
emitting particie size distribution by using the zutorudio-
weaphic techniques developed by Leary.® Table 3 kists the
.alculated relacionships between the number of alpha tracks
- diating outward from a particle to the 2! ¥PuO, particle
s:aerer and the amount of 7% Py present ‘in femiacuties
~er particler, ““hese duta are corrected for the mean
.atribution of *1Am that was suspected in the nodes.
T.bie + gives the frequency distribution of ***PuO,
carvcle sizes ss determined by manual counting of the
ioba tracks assaciated with 1215 stars observed in lymph
ruce 6. These data were assumed to be log normally
astributed, and the log probability of these data is plotted
1 Rig. 2 Becasse the distribution of count dizmeters is 4
sg nocmal  furction, 4 mass—diameter  plot cun b
ww tlated from. these data by using the Harch-Choare
avatons.® The alphs-emission rate s directly proportional
‘he mass o 2IYPUO. presenc in the pacticles, o0l
ceoatfare tne mass--Blamsier pie alse represents the

’ . ) . . P
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TARLE 2 Cancewtravon of #2Y Py an Trachwobronchud Lo pe. Neudes o Greupationally Exposed Wi kers

————— o ——— e > . . -—

. Cuse AR . wedt Yedrs Lopha vy
Na. Qcoupanan Canie of Lesth Wach ceddsmce bt expasure ™ an THULNC: of - g
[ 4
RIS Aletats Labreation woeduao o Croghes ciiest Lo 1~ 2% e
' Cringer PR 32 20
» 3 raoke ' 19 )| 93
Poevlitter NN ATH'R -2 »d 23 R
b Aonungant aineame waloe A “6 24
i Plamber Cardiac W By 3
. ~uld Phe s s Hears sitack 51 i3 3
“0Th Manstnance mechany Koprared st R 2 24
142 Engincer Candaan arrest R 18 14
ik Mac gt Haast attaga St 62 26
iR Technran P owomonrd T [ 26
f 3.48h Technejan 1).anetex REPTY 33 M)
. Tn2d Design v agseay Heart disease CT o) 18
' “Years from time of hirmg to death.
*TBLN. uacheatronchial vinph sude.
. TRGPsY tissus was taken crom ot spiogee o 07U aadieh e b L 30 euss 0 2T oans fud edapsed since s et o remr: 1a
. ot
CABLE 3 Alpha Tracks Ausociated wich P**Pu(), Particle T T T TITTI 7T T T
‘ \ Mamcier and Conceneranion in Parncle = Pl
i - 4
‘ Plotenivm particle  Plutosium concensratiun i .
Number of tracks Jumeter, am pur particle. §C3 & - -~
- '__ g ity .
3 ) 04 - 199 RELLT o,
3 > ) 3 \
1 0.4 0.4 A . —~
29 28 (R =
s R 27 =
@ 9.0 6 £ /' N Count lameter =
T o = - —
P < = i =t
Ry 04 1.8 P b— - e
L) n.50 8.y ] - -~
= "
200 T 109 = Count median diameter, 0.20 um.  —=
290 052 147 _; r-r-: Geometric standard dev ation. 1.5
o e ’ = Activity median Giameses 0.22 »m
LK) 083 294 - - Number of abservations, 1216 ]
ol by Ll T b
Dy 10 W3 s N 90 %9 93
TABLE 4 Frequency Drsterhution of Plutonium CUMULATIVE FREQUENCY. %
Puastickes - 0.66 nlit from Scars Obsecved in Tracheobronchial )
Lymph Node No. &, Case Ny, 7 134 VIG. & Log-normal cumulatve {requency plot of 'Y PuO, pase
cis i inicheonhronchiad lymph nade.
Plutemiom paracle Cumulative
Jameter. ain Frequency frequency, b
dronbution of particles by activity, The frequency af the
1) 97 -5 . 2394 c . . hi l' A e R
. 014 14° toa NarIG S Siee u0; particles in this lymph nude s
08 TS 02 2 stected from the least squares fit ta the midpoints »t <he
0.20 147 “3.) ‘Lo quency distribution of particle sizes in Fig. 2 is gven
922 121 *0 T whe 3. Data on size distribution of plutonjum parricilicus
9.4 206 0.3 ~uodes Band 17 gave similae results,
.39 19% *6.9 e size trecuency Jistribution of plutonium parri
Uui gf ‘;; L vt n the tracheobronchial lymph nodes ot cise T 178
zb: ;: e 0 srpeared to be s milar to the size distribution of phee i
—_ ‘ — o als sampled and measured during plutomuny o
Plee o Hioman Tracheabroneliad Lymple Notes !
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TABLE 3 Frequency of 27 PuO, Partcles it Tracheoin-n vbual Lymph “ode No. §. Cuse 7138

Fract
Diameter, facuen dewsdy 0 Punicles
um Midpuiste Camlative incremeuta) K pariscle pllis mude per nude
a N et = o a
4.2 bl
03 ¢.58 g 2 4.2 % 10
04 0.0
. 0.y .25 2N (1 O Eh
Loy, 343
B 0080 b RH Lix 19}
V.4 0486
. A nley M ® AN
~ .
+ J10 ) 997
). QOy 43 ) 23= 00
1.2 U999
Faval Lx30

ativn and reduction opecations in the facility in which this
employec had worked®'® isee Table 6). From the tabu-
fation of plutonium-aerosol sizes and rhe estimated pluto-
nium activity in the entire node 639 pCil the number of
plutonium particles of various diamerers were calevlated
Tuable 5). The patameters associated with rhe logarithmic
normal distribution indicate that 95¢% of rhe alpha-active
particles in this lymph node have corresponding plutonium
activities hecween €.001 and 0.22 pCi.

TABLE 6 Awverage Particie-Count Median and Mays Median
Uameter Measured in LASL Meral Preparation and Meta)
Fabricatinn Aress

Mass median
chamrees,

Lount median Gesmetnc

Qpesation diameter, standard deviation
m 4area wm 'G'g.' W

Fluosination

of mittate .26 [ 0.45
Reduction

to metal 0.17 16 .32
Lathe aperation n.19 w4 0.28
SUMMARY

Microscopic examination of lymph aode tissue from
occupationally exposed workers has revealed no abnormal-
ities other than those directly actributable to the basic
discase that caused the deach of the various persons in this
study.

The distribution of 22 PuO; particles in one tracheo
bronchial lymph node was determined 1o have a muss

Mefuroy, Srewart, und Moss

000675 ]

medien Jdiameser of 0.3 pm, with & geometric standard
sestanion of 1.6 Ninetyfive percent of che pacticles in the
mede were estimiced to have a TPy concentration leis
l".c:‘. J:: PCI

Srunies on the distsiburion and effeces of plutonivm
Foracslates in brphatic tissue are continuing,
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