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The major object ive of th is project is to obtai n experimental data that are directly applicable to resolv
ing the quest ion of whether cigarette smokers are at greater risk tha n nonsmokers to potential health 
effects of inhaled p luton ium. Because cigarette smokers constitute a large fraction of the population, a 
synergistic effect of plutonium and cigarette smoke might inf luence estimates of the health risk for 
plutonium and other transuran ics released to the environment. 

An auto rad i ograph i c technique deve loped for 
detection of plutonium on t he in t er ior su r
f ace of pulmonary airways (Ann ual Repor t, 
1978) was used on the l ungs of rats f rom an 
earlier experime nt . The data demons trated 
the effect of c igaret te- smoke exposure on 
the mucocili ary clearance mechan i sm. A 
si milar techniq ue, us i ng cellulose nitrate 
track- etch fi lm , is being appl ied t o the 
pulmonary airways of dogs. 

Distribut i on and Retenti on of 239pu02 i n 
Pulmonary Ai rways of Rats 

Results of a previousl y reported experiment 
with r ats showed a marked cigarette-smo ke
induced reducti on i n pul monary cl earance of 
inhaled 239PUO Z. A gro up of 35 rats was 
exposed to c igarette smoke for 7 mo; an
other group of 35 rats was sham-exposed for 
the same period of ti me . Bot h groups were 
exposed, by inhal ation, to 239 PU02 (approx
imately 80 nCi in i tia l lung burden [ llB]) , 
and smoke and sham expos ures were resumed 7 
days afterward. In vi vo (whole- body) 
counts i ndi cated that smoke- and sham
exposed rats retained means of 64 and 39% 
of their IlBs, respect ivel y , 6 wk after 
inhalation of pluton i um (Tab le 1); the dif
ference was high ly sign i ficant ( P < 
0.0002) . 

The pulmonary ai rways of t hese r ats were 
exami ned us i ng an au t orad i ographi c t ech
nique developed for quantifyi ng t he distri
bution of plutonium part icles . The t ech
nique involved isol ation of lar ge airways 
from lung parenchyma , separation of the 
mucosa from cartilage and adventi t ia , and 
mounting the sheet of epithelium on a glass 
microscope sli de so that the inside surface 
of the airway f aced outwar d. Th is surface 
was coated with li qu i d photographic emul 
sion, exposed , devel oped , and coverslipped . 
The fina l preparati on cons is t s of epith
elium fr om appr oxi mately 2. 5 cm of trachea 
and 2.0 cm of both the ri ght and left bron
chi . A t r ansparent grid was superimposed 
ove r the slide , and the alp ha "stars" with-
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in each gr id square (area, ~1 mm 2 ) were 
counted. Figure 1 is a photomi crograph of 
the prepar ation as it appears during evalu
at ion. Data recorded include the location 
of each gri d square wi th respect to the 
t ot a l airway surface and the number of al
pha st ar s each grid square contains. 

A summary of t he data co l lected from rats 
kil l ed at 1 , 7, and 42 days after inhala
ti on is given in Table 1. In sham-exposed 
rats, t he concentration of plutonium parti
c les in pul monary airways on day 42 was 
less than that on day 1 by a factor of al
mo s t five . Co r responding data from smoke
exposed ra ts show a concentration reduced 
by a factor of 14. Smoke-exposed rats had 
s i gn i fica nt ly ( P < 0.01 ) lower concentra
t i ons of pl ut oni um in their airways than 
did s ham-exposed r ats regard l ess of when 
they were ki l led. 

Mi croscop ically , it is i mpossible to dis
t i ng ui sh whether the plutonium particles 
causi ng the auto radi ographic star are lo
cated within or beneath the mucosal blan
ket . The concentrations of plutonium par
t icl es in the ai rways of smoke-exposed rats 
we re consistent ly low, compared to those of 
sham-exposed rats, even though in vi vo 
counts verify appr oximately equal amounts 
of pl utonium inha l ed by both groups. This 
indicates t hat particle concentrations re
flect cl earance rate at t he time of death . 
This obse r vation is also indicated by the 
inverse relat i onship between airway parti
cl e concentrati on and in vivo counts; ap
parently, plutonium particles in the air
ways have 1 i tt 1 e effect on total body 
count. 

Two observati ons made dur i ng the evaluation 
of the ai rway preparation are noteworthy. 
Firs t , aggregati ons of plutonium particles 
were not necessarily assoc iated with bifur
cati on in t he airways. Many of the bifur
cations are clear ly vi s ible in the bron
chi al preparati ons; t here was no readily 
appare nt sel ective deposi tion or retention 



TABLE 1. The Effect of Cigarette Smoke Exposure on Clearance of 239pu02 From the Lungs of Rats (Mean ± SO) 

In V ivo Counts Pu Partic les per m m2 

Sacrifice 
Time Day 4 

Exposure Postexposure, Postex posu re (a), Day Befo re Sac ri fi ce Right Le ft Ai rway 
Group days cpm cpm % of day 4 Trac hea Bron chus Bronchus Average 

Pu Only 9.2 ± 6.6 15.2 ± 8 A 9. 5 ± 6.0 11.2 ± 4.9 
(6) (6) (10) (22) 

Smoke + Pu 4 .4 ± 1.4 4 .6 ± 3. 1 4.4 ± 3.3 4. 2 ± 1.8 
(9) (10) (9) (28) 

Pu Only 7 169 ± 32 147 ± 27 88 6.8 ± 3.6 9A ± 4.4 11.8 ± 7.6 10.4 ± 6.4 
(I 01 (b) (10) (6) (8) (8) (22) 

Smoke + Pu 7 159 ± 30 147 ± 25 94 0.8 ± 0.6 1.6 ± 0.7 2.2 ± 1.2 1.4 ± 0.6 
(101 (10) (8) (9) (7 ) (24) 

Pu Only 42 163 ± 22 64 ± 11 39 2.1 ± 1.6 2.6 ± 1.7 2. 2 ±IA 2.3 ± 1.5 
(10) (9) (7) (8) (6) (21) 

Smoke + Pu 42 16 1 ± 47 103 ± 24 67 0.3 ± 0.1 0 .3 ± 0. 2 0.3 ± 01 0.3 ± 0.1 
(9) (9 ) (9) (9) (8) (26) 

(a) The count at 4 days postexposure was con sidered the in it ial lun g bu rden. 
(b) N umber of observa tions upon w hich eac h mea n is based 

FIGURE 1. Alpha "Stars" in an Autoradiograph of the Inside 
Surface of a Rat Trachea 

at these sites. However, there were dis
tinct regional differences in particle con
centration in the tracheal preparations. 
Higher particle concentrations were fre
quent ly noted at the dorsal wall of the 
trachea. 5i nce, at necropsy, the 1 ungs 
were inflated with air and fixed by vascu
lar perfusion with 2% glutaraldehyde, plu-
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toni um i n t he ai rways at the time could not 
have been t r ans loca t ed by t he fixative. 
Sub sequent scanning electron micrographs of 
the t r acheal wall of a rat revealed that 
t he dorsa l wal l wa s much more ciliated than 
t he vent ra l wall. The micrographs (Fig
ures 2 and 3) show t he trachea of an unex-

FIGURE 2. Scanning Electron Micrograph of the Dorsal, Inside 
Surface of a Ra t Trac hea. 



FIGU RE 3. Scanning Electron Micrograph of the Ventral, 
Inside Surface of a Rat Trachea . 

posed , co ntrol rat . Although this differ
ence has been alluded to in light micro
scop ic st udies of the t r achea , the magni
tude of the difference shown by scanning 
electron microscopy \'la s quite surpris i ng . 
Further i nvest igation of ai rway anatomy 
will i nclude microscopy of rat bronchi and 
of the airway of at least one other spe
cie s . 

When thi s program began, one hypothes is 
considered was that areas of pulmonary air
way mucosa wo uld be denuded of ci lia by 
cigaret te smoke, r esu lti ng in select i ve 
retenti on of plutonium in those areas. The 
data co 11 ected t hus far do not i ndi cate 
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such selective retention. We conclude, 
rather, that the greater pulmonary reten
tion of plutonium by smoke-exposed rats 
(compared to sham-exposed rats) demon
strated by whole-body counting is a direct 
result of the diminished mucociliary clear
ance induced by cigarette smoke. More data 
will be available in the future from auto
radi ographs of 1 ung sections from these 
rats and from radiochemical analysis of 
remaining lung tissue. 

Distribution and Retention of 23 9pu0 2 in 
Pulmonary Airways of Dogs 

Ci garette-smo ke-expos ed and sham-exposed 
dogs were kil led approximately 60 wk after 
inhalation expo sure t o a 239PU02 aerosol. 
Lungs were inf lated with air and fixed by 
vascul ar pe rfu s i on. Retent i on and di s
tribution of pl utonium in pulmonary airways 
wi 11 be characteri zed by a form of auto
radiography, using cellulose nitrate track
et ch f ilm . The refined t echnique for this 
purpose i s as follows: lung parenchyma is 
stripped fr om the tracheobronchial tree 
down to approx imately the level of the sec
ondary bro nc hi of each l ung lobe . These 
are spl it , fla t t ened, and presented so that 
trac k-etc h fil m is in contact with the in
terna l sur face . After an empi r ically de
te rm ined expos ure time, the film is removed 
and etched wi th NaOH sol ution, which re
sults i n the appearance of alpha "stars" 
where the fi lm was in contact with a plu
tonium parti cle . A disadvantage of this 
technique i s that the f i lm is no longer in 
contact wi t h the tissue at evaluation; how
ev er, photog raphs taken of the tissue prep
arat ion du r i ng exposure are expected to 
compensate . On the other hand, a marked 
advantage t o thi s t ec hni que over conven
tional autoradiography is that several 
f ilms may be made of the same tissue, if 
necessary. Because thi s work is in its 
initial stages , no res ults are available at 
this time. 


