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ABSTRACT
In two preliminary experiments, five laboratory rats were exposed in a small chamcer to radon-rich air. In
both experiments the exposure was about 0.9 WLM. The surface of throat and trachea was examined by
scanning electron microscope.

INTRODUCTION

Previous experiments with albino rats exposed during six consecutive winter heating seasons in years 1988
- 1994 in Zasavje, an industrial and mining area of central Slovenia, had enabled us to study the response
of the epithelium surface of the respiratory tract to a mixture of agents in polluted air. Animals were
exposed outdoors to the mixture of pollutants characteristic for air pollution in this region. The surface of
the respiratory epithelium in throat and trachea was used as a model target tissue. Changes observed were
divided into groups according to their appearance and severity. They indicated insult by pollutants but no
change could be ascribed to one single pollutant (1). Certain changes characterised by single cell lesion and
disruption (Fig 1) was present in the first two seasons and appeared again in the last season. It resembled
changes observed in laboratory experiments with PuO2 (2). A possibility of contact radiation injury at the
exposure site existed, because fly ash from coal combustion with increased U and daughter nuclide content
is one of constituents of air pollution in this area. Experiments and modelling of cancer risk have indicated
that radon also causes changes on the surface of the respiratory epithelium (3). Thus in the present study
with low exposure to radon decay products we wanted to check whether the injuries of the epithelium
observed in the experimental animals exposed in Zasavje might be explained by radiation damage.

MATERIALS AND METHODS

Five Han WHIST white rats obtained from the Lek pharmaceutical plant in Ljubljana were exposed to
radon-rich air in two preliminary experiments. Animals from the same source were used as controls. Rats
were exposed in experimental chamber with 0.25 m3 of volume. The source of radon was dry, finely ground
uranium ore in a glass dessicator outside the chamber. Fresh air was pumped through the dessicator into
the chamber at a flow rate of 1 dm3min''. Concentrations of radon and its decay products were followed
using AlphaGuard (Genitron) and System 30 (Scintrex) continuous instruments. In the first experiment, two
rats were exposed for 14 days. The total exposure was 0.91 WLM resulting from a radon decay products
concentration varying from 1000 Bqm"3 to 15000 Bqm"3. In the second run, three rats were exposed for 6
days. The total exposure was 0.88 WLM, the radon decay products concentration being more constant than
in the first experiment, ranging from 2000 Bqm"3 to 6000 Bqm"3.

After exposure the animals were sacrificed. Tissues from the nose, throat and trachea were dissected and
used for measurement of the superficial radioactivity or prepared for scanning electron microscopy by FA-
GA fixative and postfixation with OsO4 followed by ligand mediated binding of additional osmium.
Specimens were dehydrated and dried in CO2at the critical point, mounted and coated. The surface was
examined by a Jeol JMS 840A scanning electron microscope.

In addition, the radioactivity of the tissue was measured by alpha scintillation, gamma spectrometry and
radiography.
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Fig. 1: Single cell lesions and disruption on specimen exposed in Trbovlje, Bar=10jjm.
Fig. 2: An example of first type of respiratory epithelium response, Bar=10(jm.
Fig. 3: The surface of affected epithelium under the vocal cord, Bar=100|jm.
Fig. 4: Collapsed cells on respiratory epithelium surface, Bar=10|im.
Fig. 5: Polyps in the throat composed of uneven cells, Bar=10jim.
Fig. 6: The crack in the epithelium surface with leucocytes, Bai-lOjjm
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RESULTS

The target tissue of throat and trachea showed two different types of response. The first type was similar
to one generally observed in animals exposed in Zasavje. It consisted of a folded surface, piled and
sloughed epithelial cells, irritation changes and areas of unsynchronous cilia.

The second type was characterised by an area with an increased number of single cell lesions and disruption
under the vocal cord. Single collapsed cells present here were not present on the surface of the control
animal epithelium. Polyps found in the throat consisted of unequal cells.

Both types were present on all specimens. One of specimens exposed for 14 days showed a predominance
of the first type, but in all others the extent of the first type was moderate and the second type of response
was more evident.

In the cracks of the epithelium caused by preparation we identified infiltrated leukocytes, indicating
inflammatory processes. There were few leftovers of mucus, particles or microorganisms.

Now enhanced radioactivity of the exposed tissues was found in comparison to the non-exposed ones.

DISCUSSION

Our experiments with only five animals indicated that with the method used it was not possible to confirm
that the changes observed were caused only by radiation. The presence of other changes indicated insult
by other agents in the environment of the chamber. Namely, the first type of changes could be ascribed to
a non-specific response of the respiratory epithelium surface, also seen in exposure to polluted air (4) or
single pollutants (5).

Single cell lesions, disruptions or collapse were present in some cases also on the surface of respiratory
epithelium of animals exposed in Trbovlje. Our laboratory experiment could not confirm that these kinds
of changes were caused only by contact with radioactive particles. However, the specific site at which the
lesions were seen could indicate that. This is the area of mucus accumulation due mucociliary clearance.
As was shown by Hilding (6), since this is one of "bottlenecks" of mucus transport, the case is somewhat
similar to mucus accumulation on the bifurcations of the respiratory ways. Cancer risk modelling predicted
an increased risk of cancer due to accumulation of mucus containing particles. This is in accordance also
with epidemiological data (7).

In order to show that single cell disruption and lesions are a result of contact injury caused by sedimented
radioactive particles more experiments will be necessary. Modifications must be made to eliminate
accumulation of ammonia and other noxious products causing irritation to respiratory tract and minimise
other possibilities of irritation by care litter constituents etc. On the other hand, the concentrations of radon
decay products has to be greater and more controllable to cause acute response. The epithelium
compensates injuries with a relative high degree of regeneration and longer period of exposure result in a
state intermediate between destruction and recovery.

The radioactivity measurements were not satisfactory and if they are to be used for such low exposure they
should be designed more carefully.
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