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Distribution of enteric bacteria
in antarctic seawater

surrounding the sewage outfall
at McMurdo Station
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Sewage wastes have been disposed in ocean environments
for many years. Large volumes of untreated sewage are re-
leased into estuaries, nearshore areas, and deep-ocean sites on
a continual basis by large urban centers globally. This practice,
however, is accompanied by an overall degradation of environ-
mental quality, as indicated by decreased numbers of resident
fishes and benthic fauna as well as potential human health
problems (Grimes 1986).

Little attention has been given to the environmental impact
of human activities on the pristine antarctic environment dur-
ing the early years of polar exploration. As a result, the accu-
mulation of waste of various types has become increasingly
noticeable around larger installations. That has been the case
at McMurdo Station where considerable attention has been fo-
cussed recently by the media and conservation organizations.
The Division of Polar Programs of the National Science Foun-
dation has responded by launching a major initiative to reduce
the level of environmental impact at McMurdo Station and other
polar centers of human activity.

The environmental circumstances at McMurdo Station raise
a number of important questions concerning the disposal of
untreated sewage into the ocean. From the human-health per-
spective, the source-water intake serving the desalinization
plant and the potable water system for the station is located
about 360 meters from the sewage outfall. That proximity is of
concern because the portion of the year when the population
of McMurdo Station is highest (October through January) is
also the time when the sewage discharge is maximal. Addition-
ally, the low seawater temperature (- 1.8 °C) could extend the
persistence of both indicator bacteria and pathogens since re-
duced ambient temperature has been shown to extend the sur-
vival of enteric bacteria in marine environments (Carlucci and
Pramer 1960; Halton and Nehlsen 1968; Baros, Hanus, and Mor-
ita 1975). Reduced temperature has also been shown recently
to induce enteric bacteria to enter a physiological phase with
reduced metabolic activity and extended persistence (Nilsson,
Oliver, and Kjelleberg 1991) that has been suggested as an im-
portant factor in the extended survival of pathogenic and in-
dicator bacteria in marine environments (Grimes et al. 1986).

This study was initiated to describe the persistence, distri-
bution, and environmental impact of enteric bacteria originat-
ing from the sewage outfall at McMurdo Station. The focus of
this communication is the distribution of the sewage plume in
the seawater. We will describe the preliminary results of a field
study that was carried out at McMurdo Station in 1990. A con-
firmation of these findings as well as experiments to address
the other aspects of the project are ongoing.

These studies were carried out at McMurdo Station, Antarc-
tica, during October, November, and December 1990. A sam-
pling grid was established on the sea ice in front of McMurdo

Station (figure). Samples were collected through 8-inch holes
drilled in the ice using a 2.2-liter Niskin bottle and placed in
sterile, 2-liter bottles. Samples were collected in the same zone,
relative to the sewage outfall, each day, and the Niskin bottle
was disinfected with hot water before the next day of sampling.
Samples were collected at each station 1 meter from the bottom
of the water column and immediately under the ice. Control
(pristine) samples were also collected at New Harbor and near
Danger Slope. Sample bottles were transported directly to the
laboratory without freezing where coliform enumerations were
done. Aliquots of the samples were filtered through membrane
filters (0.45-micrometer mean pore diameter, Millipore, Corp.)
according to established procedures (American Public Health
Association 1989) then placed on Tergitol 7 agar (Difco) supple-
mented with TTC as described by Carlucci and Pramer (1960)
that were incubated for 24 hours at 35 °C. Typical colonies were
counted and the number of coliforms per 100 milliliters of sea-
water calculated by the volume of water filtered. Bacteria from
each sample were confirmed using gas formation in lauryl tryp-
tose broth (American Public Health Association 1989). Sedi-
ment samples were also collected for coliform enumeration
from two experimental stations and one control (pristine) sta-
tion. Weighed sediment samples were mixed with autoclaved
seawater, shaken vigorously, then filtered and cultured, as with
the water samples. Coliform bacteria were also examined in the
bottom 20 centimeters of the sea ice at some stations by taking
ice cores with a 7.5 centimeters Sipre coring device. The ice
samples were melted with shaking at 35 °C then filtered and
cultured as with the water samples.

This report provides an overview of the results obtained from
the 1990 field season. A total of 42 samples was collected and
analyzed from the area adjacent to McMurdo Station. Here, we
present the results from eight samples. These results provide a

Map of McMurdo Station. Letters indicate approximate locations
of sampling sites.
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Viable counts of coliform bacteria
obtained from samples taken at various sites in McMurdo Sound

Depth
Sampling	(in	Water columna
site	meters)	Top	Bottom	Sea ice 	Sedimentc

A	_d	1x106	-	-	2x105
B	26	1	9	-	-
C	6	3x102	2x102	2	-
D	24	3	8	-	-
E	12	2x102	3x102	3	4x102
F	9	2	12	-	-
G	22	1x103	25	41	-
H	24	57	9	1	-

Control	-	0	-

a In coliforms per 100 milliliters of seawater.
b In coliforms per 100 milliliters of seawater. Meltwater from the bottom 20

centimeters of a sea-ice core (75 centimeters in diameter).
In coliforms per 100 grams.

d Not detected.

Coliform levels in the bottom of the sea ice were consistently
low. This might be explained by the tendency of freezing to kill
these bacteria with fairly high efficiency.

The extreme environmental conditions surrounding Mc-
Murdo and other polar stations suggests that sewage disposal
merits special consideration under these circumstances. The
low water temperature is likely responsible for the extended
persistence of both bacterial and organic contaminants in the
seawater. Our ongoing studies on the survival and physiologi -
cal behavior of enteric pathogens and indicator bacteria will
provide additional information on the former, and we are plan-
fling experiments to examine the rate of biochemical oxygen
demand (BOD) reduction under ambient conditions to address
the latter consideration. In the long run, some form of waste-
water treatment might be advisable for a base as large as
McMurdo. This position is held by both Baross et al. (1975) and
Halton and Nehlsen (1968) who suggested that such discharges
should receive full treatment followed by disinfection.
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U.S. Navy support activities,
1990-1991

J02 KEVIN LAVERY and MARGARET R. REED, LCDR, USN

U.S. Naval Support Force, Antarctica
Port Hueneine, California 93043

During the 1990-1991 austral summer, personnel of the U.S.
Naval Support Force Antarctica (NSFA) provided communica-
tions facilities, weather information services, flight planning
and scheduling, air traffic control services, port services, med-
ical and dental care, galley services, material support, base

operation support, and fire-fighting capabilities to the U.S.
Antarctic Program. Additionally, aircraft support was provided
the U.S. Navy's Antarctic Development Squadron 6 (VXE-6),
units of the U.S. Air Force, and the 1091 Tactical Air Group of
the Air National Guard of Schenectady, New York. Support to
the program was also provided by U.S. Army personnel, under
the command of the Commander of NSFA; the U.S. Coast
Guard provided icebreaker support.

McMurdo Station operations. The nucleus of the U.S. Antarctic
Program (USAP) is McMurdo Station on Ross Island. This sta-
tion is the main staging area for all USAP projects at Amund-
sen-Scott South Pole Station and remote locations.

The parent military contingent, U.S. Naval Support Force
Antarctica, is divided into nine departments—administration;
communications; operations; supply; public works; medical;
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