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Atmospheric Aerosols

Abstract. Measurements of parti-
cle counts and size distributions of
atmospheric aerosols have been made
at various locations by use of an instru-
mented aircraft. The number of atmo-
spheric particulates is related to the
visibility.

Investigations have been made to de-
termine the fate of atmospheric pol-
lutants subsequent to their release from
man-made sources such as power sta-
tions, smelters, and pulp mills as well as
from natural sources such as forest
fires. Gaseous and particulate concen-
trations have been measured in effluent
plumes and in relatively clear air by
flying an instrumented Cessna 182 air-
craft in a series of plume-tracking pat-
terns. We report here some of the find-
ings with respect to particle numbers
and sizes for various atmospheric re-
gimes.

Sample air is taken in through a
rubber tube protruding from the lead-
ing edge of the aircraft wing, and air-
flow rates are reduced by use of a num-
ber of inverted Y’s. A dust counter
(Bausch & Lomb) detects, classifies ac-
cording to size, and counts the particu-
lates. The dust counter was calibrated
in the laboratory by the use of poly-
styrene latex particles with a refractive

Fig. 1. Particle size distribution of natural
and man-made aerosols. Data represent
airborne samples from the following
sources: curve. 1, Santa Fe, New Mexico,
24 September 1968, 0920 hours, 2250 m;
curve 2, Cedar Key, Florida, 19 Decem-
ber 1968, 1035 hours, 760 m; curve 3,
Douglas, Arizona, 19 September 1968,
0715 hours, 1700 m; curve 4, Bronson,
Florida, 19 December 1968, 1045 hours,
760 m; curve 5, 32 km north of Houston,
Texas, 25 September 1968, 1300 hours,
1800 m; curve 6, Four Corners, New
Mexico (in plume 6.5 km from power
station), 23 September 1968, 0900 hours,
1800 m.

index of 1.56. Thus, the reported par-
ticle diameters are “equivalent diam-
eters” based upon the laboratory cali-
brations (Z).

Figure 1 shows an array of curves
depicting particle size distributions
found in various flights. Instrumental
capabilities allowed for particle count-
ing in the size ranges noted on the ab-
scissa (Fig. 1). The upper counting limit
is 36 particles per cubic centimeter, and
the lower limit, although not so clearly
established, is about 0.03 particle per
cubic centimeter.

Curves 1, 2, and 3 illustrate the par-
ticle sizes and counts observed under
conditions of excellent visibility in
Santa Fe, New Mexico; Cedar Key on
the Gulf of Florida; and Douglas, Ari-
zona. Curve 4 shows the particle size
distribution found at Bronson, Florida,
which is about 35 miles inland from
Cedar Key.

Data for Cedar Key and Bronson
were taken within a 20-minute inter-
val and illustrate the buildup in particu-
late concentrations that occurred over
the Florida land mass. In this instance,
there was a 12-fold increase in the num-
ber of particles 1 um in diameter or
larger from the coast to this inland lo-
cation. Winds were from the south
parallel to the coast at 15 knots, and
there was substantial turbulence at the
sampling altitude of 760 m.

Curve 5 shows the influence of urban
air pollution in the metropolitan area
of Houston, Texas. Measurements were
made about 37 km downwind and at an
altitude of 1800 m. These early-after-
noon measurements were below the top
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Fig. 2. Power station at Four Corners, New Mexico.

of the mixing layer and were associated
with a visibility of approximately 9.5
km (2).

Data for curve 6 were developed
from a circular flight pattern through
the plume of a coal-fired power station
at Four Corners, New Mexico. Samples
were taken about 6.5 km from the point
of emission; visibility in the plume was
estimated at less than 1.5 km. Figure 2
illustrates this plume. The photo was
taken about 30 minutes prior to the
sampling activities.

Although suspended particulates have
been traditionally sampled and reported
on a mass basis in air-pollution investi-
gations, it is useful to know more about
their size distribution and abundance

(3). This is especially true when one
considers the effects of aerosols on visi-
bility and the resulting hazards to both
air and ground traffic.
R. O. McCALDIN

L. W. JouNsoN, N. T. STEPHENS
University of Florida,
Gainesville 32601
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Alpha-Recoil Tracks in Mica: Registration Efficiency

Abstract. Recoils from alpha-particle decay of naturally occurring radioactive
nuclides have energies between 70 and 169 kiloelectron volts. It is shown that
these alpha recoils register tracks in mica, observable as etch pits, with an effi-
ciency of about 80 percent. When the recoil energy is degraded to 40 kiloelectron
volts the efficiency drops to 50 percent. But, since the decay of each thorium or
uranium impurity atom in natural mica is followed by a cascade of six or eight
alpha particles, the overall registration efficiency must be very nearly 100 percent.

Huang and Walker (/) have reported
that heavy nuclei recoiling during emis-
sion of alpha particles can produce
etchable tracks in mica. Samples etched
in 48 percent hydrofluoric acid showed
many shallow etch pits which were
made visible with phase-contrast mi-
croscopy. These tracks were attributed
to a decay of uranium and thorium
series impurities. This phenomenon was
suggested as the basis of a method of
age determination several thousand
times more sensitive than fission track
dating.
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In identifying the source of these
tracks Huang and Walker first annealed
samples of mica at 600°C for 21 hours
to remove latent fossil tracks. Then
they evaporated solutions of Th=28, and

a a a a
228 Ol o224 %2 o220 @3 py216 %4 pp212

106 h Pb212 B 61 mBi212 _B”_ 03 ps po?!?
’ 66%

a a
34% | 6.1 Mev 8.8 Mev

31m 1208 _B7_ sabie pp 208

Fig. 1. The Th® (1.9 y) decay chain.

its decay products, on these samples.
After a 20-hour irradiation and etching
with 48 percent HF for 2 hours, they
produced shallow pits identical in ap-
pearance with fossil pits. However,
contact of annealed mica with uranium
foils for up to 12 days did not yield
appreciable densities of tracks. As a
possible explanation of this apparent
contradiction the authors suggested that
radiation damage from several succes-
sive a recoils may be necessary to in-
itiate growth of an etch pit. From a
uranium source only a single « recoil
is produced during the time of the
experiment because the daughter prod-
ucts are long-lived. On the other hand,
Th228 has a series of short-lived daugh-
ter products so that about five succes-
sive a recoils are produced in a 20-
hour exposure.

This study was initiated to test this
interpretation and to seek answers to
the following questions. How many «
recoils are required to initiate growth
of an observable etch pit at a given
site? What is the ratio of pits to inci-
dent recoil particles? What is the mini-
mum a-recoil energy required to pro-
duce an etch pit?

The experiments were started with
members of the Th228 (1.9 y) decay
chain (Fig. 1). Sources of Pb212 (10.6
h) were collected on aluminum foils,
as very thin active deposits, from decay
of gaseous Rn220 (54 s) emanated by 2
mc of Th228 (2). Only one a particle
is emitted per Pb212 decay: either 6.1
Mev or 8.8 Mev. In the first case the
recoil energy is 117 kev and in the
latter it is 169 kev. By counting the
activity of TI208 (3.1 m) it is possible
to determine the number of recoils
emitted by a source. Recoils from B—

‘emission have energies < 10—# that of

a recoils, and, therefore, they do not
leave the foil in significant amount.
The o recoils were collected on 1.5
cm? pieces of annealed mica placed
12 mm from the source inside a vacu-
um system. The mica rested on a thin
brass frame such that only the central
area (8 X 8 mm) was exposed to the
source. A potential of 4500 volts was
applied to the frame to repel ions near
thermal energy. Recoils were collected
for 10-minute intervals on a series of
mica squares. The air pressure in the
system was varied between 0 and 10
torr so as to vary the energy of the
recoils. After each 10-minute collec-
tion period the activity of TI208 (3.1
m) on each piece of mica was mea-
sured with a calibrated end-window
proportional counter. Thus the number
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