
Enrichment factors of South Pole samples
as compared with crustal rock.

Average enrichment b
Group	 Elements	 factor

I	(Al), Ka, Caa, Sc, V, Mn,	 0.8-2.2
Fe, La, Sm, Eu, Th

II	Mga, Cr, Co, Ce	 4.4-7.0
III	Naa, Cu, Zn, Se, Bra, Sb, Ph	49-43,000

a Each of these elements has some contribution from oceanic
aerosols, possibly explaining the observed enrichment factor.

b All enrichments were computed relative to Al.

counter will monitor the number of particles in the air.
In the next few years other collection programs will be
added to the building as new techniques and equipment
are developed.

This project was supported in part by the National
Science Foundation grants GV-33335 and GA-200I0.
Computer time was supported in part by National Aero-
nautics and Space Administration grant NSG-398 to
the computer science center of the University of Mary-
land.
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Aerosols in the south polar stratosphere

D. J . HOFMANN, R. G. PINNICK, J . M. ROSEN

Department of Physics and A stroti o mj
University of lJ''yoming

In 1971, the University of 'Wyoming's atmospheric
physics group began monitoring stratospheric aerosol
(submicron particulates) globally. Recent interest in
the properties of the stratospheric aerosol, generated
mainly through environmental concern in connection

with the use of supersonic transports, has motivated
these studies. Using balloon soundings, over 40 meas-
urements of submicron particulates from 85 0N. to 90°S.
have been recorded to date. Among these measure-
ments are three soundings from the antarctic continent.
The first of these was flown from South Pole Station
on January 24, 1972, while the other two were flown
from McMurdo Station on January 12, 1973, and from
South Pole Station on January 16, 1973. Thus, in ad-
dition to being vital links in the global chain of mças-
urements, the new data constitute a comparison of
the stratospheric aerosol at the center and on the Out-
skirts of the weak summer vortex of the polar circu-
lation system and, when combined with the original
measurement, allow one to investigate the time variation
of the stratospheric aerosol at the South Pole over a
period of 1 year.

The instruments used to detect the aerosol utilize the
light-scattering characteristics of individual particles and
are constructed and calibrated at the University of
Wyoming. In its present version the instrument weighs
about 9 kilograms and is lofted to an altitude of about
30 kilometers by either a large rubber balloon or a
plastic balloon having a fully inflated diameter of about
15 meters. Fig. 1 shows one of the plastic balloons
during preparation for launch at McMurdo. During
ascent, at about 0.3 kilometers per minute, a continuous
air sample is pumped through an illuminated region of
the instrument. Photomultiplier tubes detect light scat-
tered by particles in the air sample. From Pulse height
level discrimination, particles in two size ranges—over
0.3 micrometers and over 0.5 micrometers diameter—
are counted. Data also are collected during parachute
descent following the balloon's arrival at ceiling al-
titude. Shortly after launch, the detector package is
lowered 100 meters below the balloon by a reel device,
so that contamination from the balloon and turbulence
from the balloon wake will have a minimum effect on
the results.

In addition to aerosol measurements, ozone, water
vapor, and temperature were measured. The present
discussion is limited to the aerosol results.

Fig. 2 compares the vertical distribution of the
concentration of particles having diameters over 0.3
micrometers at McMurdo and Pole Stations. Arrows.in
the diagrams mark the observed position of the tropo-
pause. The smooth curves are lines of constant mixing
ratio in units of particles per milligram of air. The
thin layer of high concentration, observed on the South
Pole flight at an altitude of about 3 kilometers, was
caused by a cloud layer lying low over the 2.8-kilometer-
thick polar ice cap. Although the profiles are not
identical, the total integrated aerosol above the tropo-
pause is essentially the same at the two stations. Thus
the presence of the polar vortex appears to have little
effect in creating any spatial nonuniformities of the
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Figure 1. Plastic balloon being prepared for launch at McMurdo Station.

stratospheric aerosol. A comparison of small particle	 .

	

-	
McMurdo Jan. 12,973

fig. 3, reveals a ratio of between 4 and 5 at both	io -
P	 . 30 Astations. This ratio is typical of what we have meas-	
A	 Lured at all stations, indicating a uniformity in the	E

size distribution of the aerosol.	 S 20

concentration to big particle concentration, shown in	 Po le	Jan. 16,1973

During the same period, soundings were made from	S	 25

Australia. The results of these soundings, combined	
Li

R	
0with the antarctic soundings, will constitute a crude	E 50	 20 E

latitude survey of the stratospheric aerosol in the south-	
(mb)	

20	(km)em hemisphere. Comparing such data with statistically
00 -more significant data in the northern hemisphere will

give a rough picture of the global nature of this irn-	
10

portant stratospheric constituent.	 200

Fig. 4 compares the vertical distribution of the aero-	 0

sol at the South Pole as measured approximately one	 4

year apart. Tropopause positions are marked by arrows.	
500

We see little change in the stratospheric aerosol over	 __________________________________
this 1-year period. The integrated aerosol (the area

2	5	I/mgunder the curves above the tropopause in fig. 4) has de-	10000	 I	 2	 3
creased from 1.28 million particles per square centi-
meter column in 1972 to 1.16 million particles per	 AEROSOL CONCENTRATION (No /cn)

Figure 2. A comparison, four days apart, of the vertical aerosolsquare centimeter column in 1973, a 10-percent de-	distribution for particles with diameters	0.3 m at McMurdo and
crease. Fluctuations of this magnitude are common even	 Pole Stations.
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Figure 3. A comparison of the ratio of the small particle (± 0.3

	

u m diameter) concentration to the large particle (	0.5 u m
diameter) concentration as a function of height at McMurdo and

Pole Stations.

on soundings a few days apart. Thus one must con-
clude that the total polar stratospheric aerosol loading
has not changed over the 1-year period. Soundings
made at Laramie, Wyoming, during these periods sug-
gest a decrease in the integrated aerosol of about 50
percent, with the January 1973 value being similar to
that observed at the South Pole at this time. No sig-
nificant injections of particles into the stratosphere by
volcanoes or other means took place during this period.
Thus we may now be witnessing an indication of the
magnitude of the so-called natural" stratospheric aero-
sol background.

This research program is planned to continue in
Antarctica in January 1974. Unless some violent vol-
canic event takes place meanwhile to upset the cur-
rent stable, low stratospheric aerosol concentrations,
more will be learned about the nature of this seemingly
stable reservoir of particles.

The authors are indebted to a number of people
who willingly lent a hand in the field, including Navy-
men Marty Nemcosky and Paul Jones at McMurdo Sta-
tion and NOAA personnel Bruce Webster and Mary
Kempton at Pole Station. The research group, includ-
ing D. J . Hofmann, R. G. Pinnick and D. W. Martell,
was in the field from January 3 to February 13. This
research was supported under National Science Foun-
dation grant GV-28077.

Disturbance produced by "Global
pollution in antarctic air documented

35	 by solar radiation depletion"

WM. H. FISCHER *

West Virginia University

A portion of Kuhn (1972)  is disturbing despite
Kuhn's disclaimer that "one should not be disturbed
by finding values of /3 . . . that deviate from those
published in the original papers." His table 1 lists a
very high value for the Angstrom turbidity coefficient 8
based on data taken at McMurdo Station in November
and December 1966 (Fischer, 1967) as compared to
a much lower value from Maudheim in 1952 (the cor-
rect date is 1950; Liljequist, 1957). Kuhn says the
"McMurdo Station value of 1966-1967 is converted
from a monochromatic photometer record and should
be regarded with much reserve." The Maudheim data
(Liljequist, 1957) also were taken through narrow
band filters so that the two sets of data can be corn-
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Figure 4. A comparison of the vertical distribution of	0.3 u m
diameter aerosol at Pole Station, over a 1-year period.

* Present address: Mechanical Technology Incorporated,
Latham, New York 12110.
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