
The high physician-to-population ratios involved (the
extreme being 1: 7 at Plateau Station) indicate that
time should be available for research. Thus, economics
alone dictates that the possibility of applying their pro-
fessional curiosities and abilities in a productive, di-
rected manner should be considered. Such applica
tion would also have value in maintaining professional
morale. It is gratifying to note that this potential
actually has been realized in several instances, largely
on personal initiative.

The interest that logistics and research share in the
field of medical biology is not limited to pure research.
Continued habitation of Antarctica also calls for
applied research to answer questions raised in caring

for the stations' populations, such as the matter of
healing time mentioned above. Research of this type
is a necessary complement to the effort of providing,
on a day-to-day basis, the best medical care for the
personnel at our antarctic stations, and it is our hope
that the fundamental research protocols will soon be
established.

A report on recent studies at Plateau Station is presented
infra by Dr. A. B. Blackburn. Dr. Robert B. Hunt described
the work that he did at Byrd Station during the winter of
1966 in "Clinical Observations on Adaptation to Antarctic
Life," Military Medicine, August 1968, vol. 133, no. 8, p.
625-628.
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Plateau Station, the smallest and most inaccessible
of all U.S. antarctic stations, offers unusual opportuni-
ties for observations in physiology and psychology.
Severe climate, high altitude, prolonged isolation, and
other factors combine to form a unique environment.
Located at 79°15'S. 40°30'E., approximately 700
miles north of the Geographic South Pole in the di-
rection of South Africa, the station is completely iso-
lated except for radio communications from mid-
February to mid-November. Living in close quarters
with a few other men for such a long period is as real
a stress as the physical environment where outdoor
temperatures never exceed 0°F.—and awareness of
the impossibility of survival without fuel and func-
tional equipment cannot be obscured, even by excep-
tional confidence and self-reliance.

The role of the Navy medical officer at Plateau
Station is varied. As the officer-in-charge, he is re-
sponsible for the overall operation and safety of the
station, with specific responsibility for the military
component's support of the scientific work, and, of
course, he is available to render professional manage-
ment of medical emergencies. In addition, he has the
opportunity to record several parameters of physio-
logical and psychological information.

* Dr. Blackburn was officer-in-charge of Plateau Station
from November 22, 1966, to November 17, 1967.

Earlier Studies

The first medical studies accomplished at Plateau
Station were reported in 1966 by Pratt and others
in U.S. Naval Aerospace Medical Institute Document
No. 964, "Studies on the Response to Acute Altitude
Exposure with Special Reference to the Possibility of
Early Detection of High Altitude Pulmonary Edema."
In this study, construction personnel and the Navy
members of the first winter-over party were evaluated
initially at the Naval Aerospace Medical Center,
Pensacola, Florida, and subsequently at Plateau Sta-
tion. Evaluation techniques included biochemical
tests, electrocardiograms, and pulmonary function
studies. In addition to the baseline studies, simulated
altitude studies were conducted at Pensacola in a low-
pressure chamber. Both the pre- and post-deployment
evaluations were accomplished during the brief austral
summer.

The significant positive findings in these studies
were those expected with movement to high altitude.
For example, elevated hemotocrits were noted, which
is consistent with the increased red blood cell count
expected in rarefied air. Hyperventilation to compen-
sate for the lack of oxygen in the air was indicated by
decreased partial pressures of carbon dioxide in the
blood. The partial pressure of oxygen was, as ex-
pected, still below sea-level values. Electrocardio-
graphic changes were nonspecific and inconsistent
among the subjects tested. No pulmonary edema was
encountered among the subjects, either in the simu-
lated altitude experiments or at Plateau Station.

The 1967 Studies

Because of the paucity of medical data available
on personnel at U.S. antarctic stations, it was be-
lieved that a battery of routine medical studies on
members of the Plateau party would be a useful basis
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for the establishment of medical-research protocols
in subsequent years. Because the initial studies had
been directed by the U.S. Naval Aerospace Medical
Institute, there was specific interest in the physiologic
changes that might occur at Plateau's high elevation
(11,890 feet) and even higher pressure altitude (ap-
proximately 13,500 feet). Therefore, the following
physiological and psychological measurements were
obtained during the 1967 winter-over period (Novem-
ber 1966—November 1967)

(1) Hemoglobin concentrations, white blood cell
counts, WBC differential counts, and reticulocyte
counts were determined in November, December,
March, October, and after return to sea level.

(2) Urinalyses were performed at the same times as
the blood counts. Ames Hemo-Combi-Stix were used
to evaluate the urine semiquantitatively for bloods
protein, and glucose, and to determine the ph. A
microscopic examination of the centrifuge sediment
was also done.

(3) In conjunction with the other laboratory stud-
ies, blood and urine specimens were obtained and
frozen for later analysis in the United States. The
blood is to be analyzed for a variety of serum consti-
tuents, e.g., blood urea nitrogen, glucose, sodium, and
potassium. The urine will be analyzed for catechola-
mines, which are the breakdown products of the
adrenal gland's epinephrine (or adrenalin).

(4) In February, July, and October, pulmonary
function studies were carried out. To determine tidal
volume and estimate the basal metabolic rate, spiro-
grams were obtained during quiet breathing with the
subjects at rest. Expiratory and inspiratory capacities
and the vital capacity were measured. A maximum
expiratory flow-rate curve was obtained and a maxi-
mum' breathing capacity test performed.

(5) Electrocardiograms were obtained monthly
from January through October and after return to sea
level. Tracings from the standard limb leads, the uni-
polar limb leads, and six percordial leads were made
at rest, immediately following exercise, and five min-
utes after exercise. Graduated exercises were per-
formed beginning with 20 steps per minute for one
minute on the standard 20-inch step. The maximum
exercise performed was 30 steps per minute for about
five minutes at the end of a year's residence at Plateau
Station.

(6) A daily record of hours of sleep and of body
weight was kept from December through October.

(7) The Minnesota Multiphasic Personality In-
ventory was administered early and late in the year,
and Navy Neuropsychiatric Research Unit question-
naires were given on two occasions—near the begin-
fling and the end of the winter.

(8) A complete medical history and physical ex-
amination was performed on each subject in January

and again in September. These data and general in-
terviews with the personnel individually and as a
group were recorded on magnetic tape.

(9) Finally, in conjunction with the Oklahoma
Medical Research Foundation's psychophysiological
study at South Pole Station, sleep-activity cards were
filled out on four occasions during the year.

Preliminary Findings

A full report of these studies must await further
evaluation and interpretation of the data, but certain
comments can be made now. Of interest is an ap-
parent delay in the rise of hemoglobin concentration.
The average sea-level concentration was a normal
15.1 g/lOO cc of blood. Near the end of the year's
residence at Plateau Station, the concentration had
risen to an average of about 20.0 g/lOO cc, but this
level was approached only after four to eight months.
On the basis of previous reports, this adaptation to
altitude had been expected to be 90 percent complete
in six to eight weeks.

During residence at Plateau Station, white blood
cell counts decreased from a normal average of 7,350
cells/cc blood prior to deployment to the Antarctic
to a subnormal average of 3,660 cells/cc in October.
The counts on return to sea level at Christchurch,
N.Z., averaged 7,630 cells/cc. This finding is probably
indicative of the near-sterile environment of the south
polar plateau: the lack of repetitive stimulation of the
body's defense mechanisms must result in a decrease
in circulating white blood cells. The rapid rise in
white blood cell counts on return to sea level and
civilization discounts a pathologic decline in this de-
fense mechanism. The decrease in the white blood
cell count was accompanied by a reversal in the usual
ratio of neutrophils to lymphocytes. This condition
probably represents an absolute decrease in circulat-
ing neutrophils rather than an absolute increase in
lymphocytes.

Urinalyses were generally unremarkable. Pulmo-
nary function studies, though not completely evalu-
ated, have revealed increased lung volumes consistent
with the increased respiratory demands caused by the
low oxygen content of the air.

Serial electrocardiograms taken at rest and follow-
ing exercise were remarkable in that essentially no
change occurred. Upon return to sea level, there was
observed in all eight personnel a shift of the hori-
zontal QRS vector (a projection of the electrical de-
polarization of the heart's ventricles) anteriorly and of
the horizontal T-vector (a projection of ventricular
repolarization) posteriorly. Inasmuch as the data col-
lection at sea level employed different equipment
operated by different technicians, the significance of
the comparison is subject to doubt. Nevertheless, the
lack of more apparent electrocardiographic changes
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with one year's sojourn at a pressure altitude of
13,500 feet is noteworthy.

The records revealed an average of 7.5 hours of
sleep per day, with a maximum average of 8.1 hours
for one station member and a minimum of 6.5 hours
for another (the oldest, age 47). Winter averages ex-
ceeded summer averages by as much as 2.3 hours a
day. Although average weights increased during the
winter months, they varied no more than 5-6 pounds
throughout the year, with the exception of a gain of
12 pounds by one man.

The results of psychological testing and interviews
have not yet been interpreted, but many interesting
subjective impressions can be reported regarding the
experiences of a very small, isolated group in the Ant-
arctic. The general health of all personnel was ex-
cellent throughout the year. A few, probably psycho-
physiologic, complaints, such as headache and gastro-
intestinal disturbances, were encountered. Physical
examinations were remarkable only in that there was
a consistent increase in thoracic circumference during
the year. Inspiratory dimensions increased about one
inch while expiratory dimensions became smaller.
This finding suggests that rib-cage flexibility increased
in response to the added respiratory work load.

Extension of the Studies

To increase the significance of the data obtained
in the 1967 studies described above, it was proposed
that the 1968 winter party be studied in essentially
the same manner (except for attempting determina-
tion of hemoglobin concentration by a more sophisti-
cated technique), and this is being done by Lt.
Jerome F. Johnson, MC, USNR. As Plateau Station
is now in its last year of operation, the current stud-
ies represent the last opportunity to obtain medical
information there, but it appears that sufficient data
will have been collected during the two years to
give some insight into the physiological and psycholog-
ical changes that occur in personnel wintering at a
small, isolated station on the high polar plateau.

Record Low Temperature
at Plateau Station

Plateau Station, which is to be deactivated this
summer, experienced a record low temperature on
July 20, 1968: —86.2°C. (-123.1°F.), the coldest
ever recorded at any U.S. station. Plateau's previous
low, —85.2°C. (-121.4'F.), was recorded on Au-
gust 24, 1966, six years to the day after the present
world record of —88.3°C. (-126.9°F.) was re-
corded at the Soviet Union's Vostok Station.
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Reports of the past decade on antarctic evaporites
as efflorescences, crusts, or deposits generally have
come from areas relatively close to the sea (up to
30 miles from the coast). Data are now available
on saline lakes, glacial moraines, soils, and glacial ice
(Angino et al., 1965; Ball and Nichols, 1960; Bowser
and Black, 1967; McLeod, 1964; Smith, 1965; Ted-
row and Ugolini, 1963, 1966; Autenboer, 1964). For
the more remote interior regions of Antarctica, re-
ports are wanting. This paper treats salt efflores-
cences on bedrock in interior areas far from the sea,
where saline lakes and soils are absent. One of the
sulfate minerals of our study does not appear to have
been reported previously.

Rock samples bearing salt efflorescences were col-
lected by Tasch during the austral summer of 1966-
1967 in the course of geological exploration in the
Sentinel and Ohio Ranges. Diffraction patterns were
prepared and mineral identifications were made by
Angino. X-ray diffraction patterns of efflorescent ma-
terials were obtained on a Philips-Norelco X-ray
diffractometer using Cu Ka i radiation with a crystal
monochrometer.

Along the slopes of Mount Weems (Sentinel
Range), white efflorescences, beady in appearance,
coated joints and fractures in the graywacke sand-
stone bedrock of the Polarstar Formation. These also
formed very thin crusts. Touched by a hammer, they
crumbled into a powdery form. Equivalent efflores-
cences were found at nearby nunataks to the south.
They were sparse or absent at other Sentinel Range
localities.

Besides the quartz, plagioclase, and mica compon-
ents of the Polarstar Formation graywackes, there
are fragments of volcanic and metamorphic rocks in
a fine matrix of sericite /chlorite/c lay minerals (Crad-
dock et al., 1964, 1965). Diffraction analysis of efflo-
rescent material from Mount Weems indicated only
calcite.
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