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The major objective of this project is to obtain experimental data that are directly applicable to resolv
ing the question of whether cigarette smokers are at greater risk than nonsmokers to potential health 
effects of inhaled plutonium. Because cigarette smokers constitute a large fraction of the population, a 
synergistic effect of plutonium and cigarette smoke might influence estimates of the health risk for 
plutonium and other transuranics released to the environment. 

Progress was made on two fronts during the past year. The autoradiographic technique developed for 
detection of plutonium on the interior surface of pulmonary airways (Annual Report, 1978) has been 
adapted to routine use in examining tracheas and bronchi of rats. Also, dogs exposed to cigarette 
smoke for over a year after inhalation of plutonium were killed and necropsied. 

Distribution of 239PU02 in Pulmonary Air
ways of Rats 

Briefly, the autoradiographic technique 
involves removal of the mucosal layer from 
a pulmonary airway and affixing it to a 
glass microscope sl ide. This sheet of 
epithe 1 i a 1 tissue is then coated with 
liquid photographic emulsion, exposed, anJ 
developed to reveal plutonium particles on 
what was the inside surface of the airway. 
A grid system is superimposed on the mic
roscope s 1 i de and the number of alpha 
tracks and stars in each square of the 
grid is determined via a microscope. 
Thus, very small plutonium particles 
(tracks) and larger particles with multi
ple radioactive disintegrations (stars) 
are characterized with respect to location 
within pulmonary airways at the time of 
the animal's death. 

Routine application of the autoradio
graphic technique was begun with tracheas 
and primary bronchi from rats which had 
been exposed to cigarette smoke for 7 mo, 
followed by exposure to 239PU02 aerosols 
and 6 wk of subsequent smoke exposure be
fore sacrifice. Particle counts in trach
eas of nine of these rats have been com
pleted. The number of stars or individual 
tracks was relatively constant among 
animals, regardless of the lung burden: 
65 ± 14 (mean ± SD) stars (range = 36 to 
89 stars) in the tracheas of all nine 
rats. Both stars and tracks appear to be 
quite uniformly di str-ibuted on the surface 
of the tracheas, although there are areas 
of heavier concentration in some rats. 

These data, however, do not provide infor
mation as to whether the plutonium parti-
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cles were lodged in the trachea during or 
shortly after exposure or whether the par
ticles were progressing up the mucociliary 
escalator at the time of death. Quantita
t i ve data from rats kill ed sooner after 
plutonium inhalation, and from plutonium
exposed rats which received no cigarette 
smoke, may allow some conclusions in that 
respect. Collection of those data is 
still in progress. 

Clearance of 239PU02 from the Lungs of 
Dogs 

Two groups of dogs were exposed to a plu
tonium aerosol, one group after 6 mo of 
exposure to ci garette smoke, the other 
with no smoke exposure. Each group con
sisted of four dogs which had been prev
iously exposed to smoke (or sham-exposed) 
for nearly 10 yr as part of another pro
ject, and two young-adult dogs with no 
previous exposure. (For ease in referring 
to these groups, we wi 11 call them "young" 
or "old" "smokers" or "nonsmokers.") 
Cigarette-smoke exposure or sham exposure 
was resumed 20 days after inhalation of 
plutonium and continued for approximately 
60 wk, until the dogs were killed. Weekly, 
in vivo, whole-body counts were made 
during that period. Feces were collected 
for radioanalyses for the first 250 days 
after Pu exposure. 

The primary purpose of this experiment 
with dogs was to test smoke delivery and 
plutonium detection methods, therefore 
small numbers of dogs were used_ When the 
data are examined retrospectively, how
ever, interesting trends appear even 
though group di fferences are not always 
statistically significant. 



Results of whole-body counts are presented 
in Figure 1. The greatest differences in 
pulmonary clearance rates were between 
young smokers and young nonsmokers, and 
between young and old nonsmokers. Differ
ences between old smokers and old non
smokers, and between old and young smok
ers, were less pronounced. 
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FIGURE 1. Results of In Vivo Detection (Whole-Body 
Counts) of Plutonium in Smoke-Exposed and Sham-Exposed 
Dogs. 

It beca.me obvious that whole-body counts 
became less reliable with time as a mea
sure of the lung burden of plutonium, even 
though they were useful for comparative 
purposes. In individual dogs, the counts 
generally decreased between plutonium 
inhalation and 200 days thereafter. In 
five of eight old dogs and one of four 
young dogs, the counts increased after 
that time; for dog 594 (Table 1), the 
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TABLE 1. Percent of Initial Alveolar Burden of 239Pu02 
Excreted in Feces and Remaining in Selected Tissues at 
Death of Smoke-Exposed and Sham-Exposed Dogs. 

Totol 
Fecal Tracheo- In Vitro 

Excretion bronchial lung 
lABial. iDays 4-2511. lymph Nodes, Countlb), 

Dog No. nCi % of lAB % of lAB % of lAB 

Nonsmokers 

Old 
602 1c) 323 21 10 58 
604 351 11 2 54 
584 668 6 29 44 
&28 398 9 6 41 

Young 
1733 1450 6 33 
1668 1329 34 35 

Smoker> 

Old 
554 51 j 6 2 55 
5&9 2% 10 6 hi 
594 618 7 53 
599 517 4 55 

Young 
1722 1140 4 13 52 
1700 890 4 15 40 

la)lnilial alveolar burden (lAB) based on the iirst four whole-body 
counts idays 6·18 after plutonium exposure). 

ib)lndividual lobes of excised fixed lungs were placed in the whole-
body counter. 

Ic) Dog 602 died'" 1 00 days before the others were sacriiiced, therefore 
lung and lymph node data were omitted from statistical computations. 

final counts indicated 112% of the initial 
body burden. Because no additional plu
tonium was available after the initial 
exposure, the increase in counts must be 
attributed to redistribution of plutonium 
in the lung, with resulting increased 
detectab i 1 ity. The phenomenon, in dogs. 
of plutonium migration toward the pleura 
was previously demonstrated in this lab
oratory (Annual Report, 1980). With the 
young nonsmokers, pulmonary clearance 
apparently occurred rapidly enough so that 
who 1 e-body counts were 1 ess affected by 
the migration of plutonium. 

The results of lung counts made on fixed, 
excised lungs, after necropsy, are prob
ably more reliable than whole-body counts 
because they are relatively unaffected by 
redistribution and because the tracheo
bronchial lymph nodes were removed before 
counting. Those data (Table 1) indicate 
differences in the amount of pluton i um 
remaining in lungs of old and young dogs, 
and in smokers and nonsmokers. The smoke
exposed dogs retained significantly (P < 
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0.06) more plutonium in their lungs than 
did the nonsmokers. Combining old dogs of 
both groups and young dogs of both groups, 
old dogs retained significantly (P < 0.03) 
more plutonium in their lungs than did 
young dogs. 

The cumulative fecal excretion of pluton
ium is illustrated in Figure 2. There was 
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FIGURE 2. Cumulative Fecal Excretion of Plutonium by 
Smoke-Exposed and Sham-Exposed Dogs. 
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virtually no difference in the rate of 
fecal excretion between young smokers and 
young nonsmokers. Old dogs excreted 
plutonium at a significantly greater rate 
(P < 0.04) than young dogs. The fecal 
excretion rate was significantly greater 
(P < 0.09) in old nonsmokers than in old 
smokers, and the di fference between all 
young dogs and the old smokers was signif
icant (P < 0.06). 

It is difficult to know why total fecal 
excretion of plutonium (Table 1) was less 
in young dogs than in old, even though 
pulmonary clearance seems to be consider
ably more effective in the young dogs, as 
indicated by in vitro lung counts. A 
possible explanation for reduced fecal 
excret ion in young dogs is that the i r 
lymphat icc 1 earance was more effective 
than that of the old dogs: three of four 
young dogs and one old dog (584) had 
greater-than-average plutonium concentra
tions in the tracheobronchial lymph nodes 
(Table 1). These four dogs excreted less 
than the average amount of plutonium. 

A few conclusions, some of which are quite 
speculative, may be drawn from the data 
presented in Figures 1 and 2 and Table 1. 
In dogs, cigarette smoke exposure appears 
to decrease the pulmonary clearance rate 
of inhaled plutonium. The effect seems 
greater in young dogs than in old dogs; 
the latter have a slower clearance rate 
than young dogs whether or not they have 
been exposed to cigarette smoke. 

All lungs of these dogs were fixed in an 
inflated state and are currently in stor
age. The airways of these lungs will 
either be subjected to the autoradio
graphic technique, as discussed above, or 
with cell ulose nitrate track etch fi 1m. 
To provide another set of pulmonary reten
tion data, lung parenchyma not used in 
these techniques will be radiochemically 
analyzed for plutonium. 


