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M
cMurdo Station, situated next to Winter Quarters Bay,
consists of more than 100 structures, including a fuel-

storage and transfer system. The existing fuel-storage system
includes 18 above-ground steel storage tanks located in three
tank farms, referred to as Hut Point Tank Farm, Tank Farm 1,
and Tank Farm 2. A schematic of the location of the tank
farms in relation to major features of McMurdo Station is
shown in figure 1.

McMurdo Station has had numerous reported and sus-
pected fuel releases. Leaky pipelines and spills have plagued
the three fuel storage sites in the past. Before the 1992-1993
austral summer field season, accidental fuel releases were not
well-documented. Some spills were documented by station
personnel in an incident report, but a significant number of
fuel releases can be corroborated only by hearsay or, in some
instances, by observable evidence.

Station personnel report that during the 1984-1985 sea-
son, a major spill released at least 273,600 liters (L) of diesel
fuel arctic (DFA) from tank M-1 located in Tank Farm 1. The
embankment immediately west of tank D- 1 is heavily stained,
and our preliminary sampling confirmed that the staining is
from spilled fuel. Interviews with station personnel indicated
that at least three significant releases have occurred at Tank
Farm 2:
• approximately 76,000-114,000 L of fuel leaked from tank J-

1 sometime in 1980;
• another 114,000 L was released from an unidentified tank

in 1981-1982; and
• between 266,000 and 532,000 L was released from tank J-2

when it collapsed in 1984-1985.
Although no major spills have been reported at Hut Point, a
chronic pipeline leakage problem is reported at that site.
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Figure 1. McMurdo Station tank farm schematic.

Since 1992, the National Science Foundation has made
significant strides to improve this situation. Formal spill
reporting is now required, and an emergency spill-response
team at McMurdo Station manages response and clean-up
activities. Repair and replacement of fuel tanks have
decreased the probability of tank failure; lined containment
basins are being constructed around all large tanks; and sig-
nificant changes in protocol for fuel handling and transfer
have been instituted. These improvements have resulted in a
significant decrease in accidental releases.

Past fuel releases into soils at McMurdo Station, Antarcti-
ca, have raised questions about the presence of oil-degrading
microbes at the contaminated sites. Populations of oil
degraders, commonly of the genus Pseudomonas, often show
up in tests after soils have been contaminated with fuel (Song
and Bartha 1990). If such microbial populations are present, it
may be possible to design a remediation program for some of
the contaminated soils at McMurdo using these microbes.
Bioremediation of oil spill sites in Antarctica would not be
possible if the microorganisms are not present, however,
because it would be a violation of the Antarctic Treaty to
import nonindigenous species.

To determine whether more detailed studies on the
potential biodegradation of fuel spills are warranted, it is first
necessary to confirm the existence of a microbial consortium
with the capability to degrade petroleum hydrocarbons. Few
studies have been published on the microbiology of McMur-
do Station. The literature does contain, however, articles on
microbial studies in the Arctic (Atlas et al. 1976; Sexstone and
Atlas 1977; Atlas 1986). These studies indicate that microor-
ganisms play a role in mediating the impact of oil spills in the
Arctic, where harsh environmental conditions not unlike
those found at McMurdo Station prevail. For example, Sex-
stone and Atlas (1977) found that oil-degrading microorgan-
isms were present in soils from Barrow, Alaska. With the addi-
tion of crude oil to these soils, total numbers of hydrocarbon-
degrading microorganisms increased.

These data support the theory that due to the abundance
of fuel released at McMurdo Station, some form of organism
has found its niche and is utilizing this readily available car-
bon source.

Because of the long history of spills at Tank Farms 1 and
2, these sites were chosen for the assessment study. Contami-
nation at these sites was verified through preliminary soil
samples taken at the two tank farms and tested for total
extractable (nonvolatile) petroleum hydrocarbons using gas
chromatography. Preliminary samples were collected approx-
imately 5 centimeters below the surface. Results of the pre-
liminary sampling program are shown in the table. Compos-
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Results of preliminary soil sampling. (Concentrations
are in micrograms of contaminant per kilogram ofsoil.)

TPH	1,000	47,000	1,400,000	920,000

ite samples from Tank Farm 1, west of tank D-1 and D-2 on
the embankment next to the road, and from Tank Farm 2
between tank J-1 and J-2 were collected in plastic zip-closing
bags. A control sample was collected near the Crary Laborato-
ry Complex in an area with no known contamination.

Samples were collected by first removing the top 2-5 cen-
timeters of soil, then collecting approximately 50 to 100 grams
of soil from the site. Three samples were collected and com-
bined at each site to make one composite sample. Duplicate
composite samples were collected at each site. All sampling
instruments were cleaned with distilled water, alcohol, and
again with distilled water between samples, to prevent cross
contamination.

The sheen screen most probable number (MPN) method
developed by Brown and Braddock (1990) was used to enu-
merate oil-degrading bacteria. A five-tube MPN was conduct-
ed using sterile 24-well microtiter plates. Initial inoculants
were made by mixing 10 grams of the soil with 90 milliliters
(mL) of sterile Bushnell-Haas broth. Five 100-microliter (&L)
aliquots of the inoculant were serially diluted into the 24 wells.
Following the inoculation, a sheen of sterile Prudhoe Bay
crude oil was applied to each well. A simultaneous experiment
was conducted using the same inoculating procedure, but
instead of using crude oil as a carbon source, we applied ster-
ile JP-8 fuel tinted with Sudan Black dye to help us see the
sheen created. We applied JP-8 fuel to account for the possible
specificity of the microbe niche, because JP-8 is the primary
contaminant of the study sites. Each set of plates was done in
triplicate for quality control. Plates were incubated at room
temperature for 3 weeks. After 3 weeks, wells were scored as
positive when oil or fuel emulsification was clearly indicated
by disruption of the sheen.

Oil degraders were found only at the Tank Farm 2 site.
Both the crude oil and the JP-8 sheened plates gave positive
results (see figure 2). The crude oil sheen test showed a great
deal of variability with an average of 6AX103 microbes per
gram of sediment (wet). The JP-8 sheen-test average was
5.6x 102 microbes per gram of sediment (wet) but showed lit-
tle deviation (less than 10 microbes/gram). The reproducibili -
ty of the JP-8 sheen test may indicate that the consortium of
microbes was better suited to the JP-8 fuel. These results
agree with the Sexstone and Atlas (1977) study. In that study,
MPN procedures for mesophilic (30 C) oil utilizers showed
average microbial populations of between 102 to 104 microbes
per gram of wet soil.

Neither the Hut Point Tank Farm nor the Tank Farm 1
plates indicated the presence of any oil-degrading microbes.

One possible reason for this apparent absence of microbes is
that the tank farms have significantly different microbial envi-
ronments. Tank Farm 2 is considerably more protected from
sea-salt spray, and sea-salt spray could possibly have a steril-
izing effect. Both Hut Point Tank Farm and Tank Farm 1 are
located near the bay and show signs of sea-salt in the form of
scattered white patches on the soil surface.

A second reason for the apparent absence of oil-degrad-
ing microbes could be that the populations at Tank Farm 1, if
they exist, may be significantly smaller than those at Tank
Farm 2. Preliminary sampling at the site (see table) shows that
the contamination levels at Tank Farm 1 are significantly
lower than those at Tank Farm 2. Tank Farm 2 is a more
recent spill site. Lower levels of contamination at the older
spill site may indicate that natural attenuation has already
occurred. Oil degraders may have been missed at Tank Farm
1 because the MPN method used may not have been sensitive
enough to pick up a small population of degraders. Sexstone
and Atlas (1977) compared two enumeration methods: a plate
count and an MPN procedure. Numbers of oil utilizers enu-
merated by plate counts and MPNs did not show significant
correlation. The study showed that many MPN tubes that did
not read positive through visible disruption of an oil-sheen
layer did have sizable microbial populations, which could be
seen only microscopically, covering the oil layer. They
believed that the use of the MPN procedure, in their case,
underestimated the numbers of oil utilizers. Additional stud-
ies should be conducted to verify the absence of oil-degrading
populations at Tank Farm 1.

A third reason that we were able to find oil-degrading
microbes at Tank Farm 2 may be that the soil there had
recently been disturbed during construction of a new fuel
storage tank, possibly providing oxygen for the microbes and
increasing population levels.

The main objective of this study was to determine
whether oil-degrading microbes were present at McMurdo.
The data conclusively prove that indigenous oil-degrading
microbe populations are present at McMurdo Station. Given
this fact, further study is needed to determine under what
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Figure 2. Example sheen screen plate from Tank Farm 2.
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conditions these populations could be enhanced to promote
natural attenuation of existing fuel contamination in soil
around the station.
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