





body weight, 1t was found that the smaller anl l received more
particles/gm than the larger ones. However, as expected, LI
‘ollection efficiencies (the fraction of inhaled aerosol 1epo-
sited) for both the lungs alone and the lung, nose, pharynx, and

airways combined were substantially independent t dy size,
So far, we have iiscussed deposition 1n I 1tion to normal

hreathing patterns at rest. [ now want ! remind you that many
f the things we do as toxicologists will aftect the breathing
pattern. The breathing pattern in tarr will affect the dose of
particles or gases retained by the animal. When vou restrain an
animal and glive a head-only exposure, the brealhlng pattern
changes. Generally, the animal will Qreathe faster and more
shallowly. Exposures to irritant gases, such as ozone, will do
the same thing; they also generally resalt in a shallower and
more rapid ventilation. These rchanges in breathing pattern can
nave a profound effect on the lung dose.

Recently, Valberg et al. (1982) have described how breath-
ing pattern can influence deposition sites of an inhaled ° Tc-
labeled aerosol. First, we found that "the collection efficiency

varied from 2%

v
to 40% as we ex-
i plored a variet
. TonBap s ¢ of breathing

PP | d patterns. Not

4 //'"f,“;-)' g nly did the
QIR Sy L5 T"‘ collection etfi-

. o ; \ ciency (the

fraction of in-
haled aerosol
deposited)
change, but
there were also
significant
changes in the
distribution of
retained aero-
sol. After the
aerosol exposure
the lungs were
inflated, dried
in a microwave
oven, and sliced
(see Figure 1).

Figure 1. A slice ot dog lung exposed to a sub-
micronic 99mp. _1abeled aerosol. After aerosol

exposure, the lungs were fully inflated to 35 cm
H20 pressure and dried in a microwave oven. The
rigid lungs were then sliced at 1 cm intervals.
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Figure 2. Slices prepared as described in Figure 1
were placed on a gamma camera with a high-
resolution collimator and interfaced with a
computer, Shown here is a photograph of the
cathode ray tube out-put of the gamma camera
showing the distribution of radioactivity
over the slices of dried dog lungs. Each
picture is a matrix of 128 x 128 cells that
shows the activity with white and orange as
high activity and blue and black as low and
no activity. The. lungs shown here were ven-
tilated with a large tidal volume and a low
breathing freguency. Note that the aerosol
distribution through the parenchyma is rela-
tively uniform but’' the airways are relatively
free of retained particles.
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You can easily identify the pleural surface, pulmonary parenchyma,
and large and small airways. Then we used a number of techniques
to look at the distribution of retained aerosol in such a slice.
You can take this slice and lay it on the face of a gamma camera.
With a slow deep pattern of breathing, the amount of aerosol depo-
sited in the airways is relatively less than that in the parenchy-
ma (Figure 2). With a rapid, shallow breathing pattern, there is
much more deposition in airways than there is in the cooler paren-
chyma (Figure 3).
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Figure 3. The slices shown here were prepared as '
described in Figures 1 and 2, but the |
lungs were ventilated with a small tidal ]
volume and at a high breathing frequency.
Even though the sub-micronic aerosol used
was the same in both instances, now the
retention pattern is completely reversed.
Airways now contain more radioactive par-
ticles than the "cooler" parenchyma. Com-
parisons to photographs of the same lung
(similar to Figure 1) clearly show that
the red-orange-white areas correspond to
airways. ' !
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The computer attached to the gamma camera translates the amount

of activity in a region to color. The colors get warmer (red,
orange, orange, white) as we get more and more activity. It is
blue or black if there is very little or no activity. The same
patterns of retained particles can be demonstrated with auto-
radiographs or by counting and weighing individnal pieces from the
lung slices (Valberg et al., 1982). Taese changes in retention
pattern caused by breathing pattern will, over time, have a pro-
found effect on the dose. Material deposited in airways will be
cleared more quickly than particles deposited in the parenchyma.





















