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Petroleum hydrocarbons are introduced into the marine en-
vironment by a variety of pathways, including marine trans-
portation (normal operations and accidental spillage), urban
and river runoff, municipal and industrial waste discharge,
offshore production and coastal refinery operations, atmos-
pheric dry and wet deposition, and natural submarine see-
page. After entering the marine environment, oil disperses and
eventually is lost by evaporation or is degraded by microor-
ganisms (bacteria, algae, yeasts, and fungi). The rates of dis-
persion and remineralization are complex functions of physical
(e.g., sunlight, wind speed, wave action, temperature), chem-
ical (e.g., composition of the oil, degree of refinement, pres-
ence of additives, nutrient content of the water), and biological
(e.g., number and activities of hydrocarbon-oxidizing mi-
crobes) determinants. Consequently, it is impossible to predict
the fate of petroleum hydrocarbons in any particular marine
environment.

The recent grounding and subsequent discharge of petro-
leum from the Argentine Navy resupply ship, Bahia Paraiso,
along the Antarctic Peninsula near the U.S. Research Base,
Palmer Station, provided a tragic but unique opportunity to
measure the in situ rates of microbial decomposition of oil at
low temperature. In addition to the high-latitude location, the
Bahia Paraiso oil spill was also unique in that the petroleum
hydrocarbon cargo comprised diesel fuel-arctic (DFA), a blend
of diesel and jet fuel, which might be expected to behave
differently from the more well-studied and more recalcitrant
and toxic crude-oil components.

In response to this oil spill, the National Science Foundation
(Division of Polar Programs) assembled an interdisciplinary
team of scientists to evaluate the initial ecological impact. The
emergency response team was deployed to Palmer Station on
9 March 1989, approximately 5 weeks after the Bahia Paraiso
ran aground on DeLaca Island, and remained on site for ap-
proximately 1 month. This report describes the experiments
which constituted the basis for the microbiology component
of the emergency oil spill research program. These investi-
gations were designed to provide estimates of hydrocarbon
biodegradation rates at low in situ temperatures, to establish

the biological and environmental constraints which may be
unique to the antarctic marine and intertidal habitats, and to
add to the oil spill modeling database.

Samples were collected around Arthur Harbor in the vicinity
of the Bahia Paraiso (figure 1) and, for sediment, from "control"
areas (Dream Island) well outside the reported region of oil
exposure. The sample inventory included:
• surface (0-1 meter) seawater,
• surface (0-1 meter) plankton tows,
• deep (>25 meters) subtidal sediments collected from the

RIV Polar Duke using a Smith-McIntyre grab sampler,
• shallow (<20 meters) subtidal sediments hand-collected by

scuba divers, and
• intertidal beach sand from Christine Island.

Portions of each sample were used to measure the rates of
microbial hydrocarbon oxidation. Radiolabeled 14C-hexade-
cane (n-C16) was added to each sample as a model hydrocarbon
(Caparello and LaRock 1975; Seki 1974, 1976), and the rates of
14C-0O 2 evolution were monitored during a 48-86-hour in-
cubation at ambient temperature (0-1°C). Mercuric chloride
poisoned subsamples served as negative controls. Simulta-
neous measurements of ambient dissolved hydrocarbon con-
centrations (to be provided by M. Kennicutt and S. Sweet,
Texas A&M University) will eventually be used to convert our
relative rates (measured as nanocuries 14C-hexadecane oxi-
dized per unit time) to mass fluxes (nanograms hexadecane
oxidized per unit time).

To evaluate the acute and chronic effects of Bahia Paraiso oil
on the resident microbial communities, several different ex-
periments were performed. Subtidal sediment and intertidal
beach sand samples were exposed to DFA-oil concentrations
ranging from 0.001-10 percent (volume/volume) and were in-
cubated at 1°C for either 1-4 days (short term) or 6 months
(long term) before being analyzed for a variety of microbial
community biomass and activity parameters. Samples without
added oil served as controls. Presently, the long-term exposure
experiment is expected to terminate in October 1989.

For each sediment sample analyzed (n = 20), from both
affected and control areas, microbiological hydrocarbon oxi-
dation activity was present at very low (less than 100 micro-
grams hexadecane per cubic centimeter of sediment per year),
but detectable, rates (e.g., figure 2). There was no apparent
difference in the rates measured from "oil-affected" versus
"control" areas. The microbiological turnover time of the added
hexadecane for these experiments was greater than 2 years.
These results suggest that the microbial communities in the
vicinity of Arthur Harbor probably derive a negligible per-
centage of their carbon and energy from hydrocarbon oxida-
tion. If we accept the tenet that the biomass and metabolic
activity of hydrocarbon-oxidizing bacteria reflect the hydro-
carbon burden to a particular habitat, we must conclude that
either the sediments in the vicinity of the Bahia Paraiso were
not substantially affected by the released oil or that the selec-
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Figure 1. Map of Arthur Harbor area showing the location of Palmer Station and the site of the Bahia Paraiso wreck.
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Figure 2. Rates of 14C-carbon dioxide evolution from radiolabeled
hexadecane substrate versus time for selected sediment samples
collected in oil-impacted and control study areas. The abbrevia-
tions are: AH denotes Arthur Harbor. De Is. denotes DeLaca Island.
Dl denotes Dream Island (control). The sample labeled "poison" is
the mean (plus and minus one standard deviation) of the activities
measured for a variety of mercuric chloride treated samples (n =
12).

tion for and enrichment of hydrocarbon-oxidizing bacteria are
slow processes requiring a period longer than 1-2 months.
The results of our long-term (6-month) exposure experiment,
currently in progress, should provide additional data on the
time required for the enrichment process to occur.

We were unable to document any acute toxic effects of Bahia
Paraiso oil on Arthur Harbor microbial communities (figure 3).
Over short-term exposure periods, the addition of oil at con-
centrations up to 10 percent (i.e., water-saturated mixtures)
had either a negligible or a stimulatory effect on total microbial
ecosystem metabolism (figure 3). There was no evidence of
toxicity, at least for the assessment parameter employed (res-
piration of 14C-labeled acetate).

In summary, our initial results indicate that the Bahia Paraiso
oil spill had no detrimental impact on the microbial commu-
nities in Arthur Harbor. This is probably a combined result of
limited exposure of the sediment communities to the released
oil and to the microbiologically benign characteristics of the
Bahia Paraiso DFA. These results should be considered prelim-
inary until the complete database on hydrocarbon concentra-
tions (M. Kennicutt and S. Sweet unpublished data) and the
results of the chronic long-term exposure experiment are avail-
able.
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Figure 3. The acute effects of the addition of Bahia Paraiso oil to
sedimentary microbial communities collected from DeLaca and El-
ephant islands. The samples were incubated with oil at the con-
centrations indicated (percent on a volume-to-volume basis) for a
period of approximately 3 days before measuring the total rate of
14C-carbon dioxide evolution from radiolabeled acetate during a 24-
hour incubation. The results are expressed as a percent of the
control sample which received no oil.
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The ultraviolet monitoring program
at Palmer Station, spring 1988
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The dramatic depletion in stratospheric ozone observed over
Antarctica during austral spring implies an increase in solar
ultraviolet irradiance at the Earth's surface. Motivated by the
appearance of the ozone hole (Farman, Gardiner, and Shanklin
1985), the National Science Foundation in 1988 initiated a pro-
gram to monitor antarctic ultraviolet radiation levels. We pres-
ent here measurements and preliminary analysis of the
springtime ultraviolet surface irradiance at Palmer Station. Al-
though concerns over depletion of atmospheric ozone date
back nearly two decades, these Palmer data are the first to
show an increase in biologically relevant ultraviolet irradiance
whose likely origin is human influence on the ozone layer.

The measurements were made by a scanning spectroradi-
ometer performing hourly scans of the ultraviolet surface ir-
radiance, this measured quantity being the sum of the direct
and diffuse solar components incident on a horizontal surface.
For this work, we use data obtained over the wavelength in-
terval from 295 to 350 nanometers in increments of 0.5 na-
nometers. Wavelength and response calibration procedures
were performed twice daily, and the noise level of the mea-
surements is an order of magnitude below the absolute irra-
diance at 295 nanometers, the weakest signal used.

Palmer ultraviolet time series. The absorption cross section of
ozone decreases by two orders of magnitude as wavelength
increases from 295 to 330 nanometers (Molina and Molina 1986).
At wavelengths longer than 330 nanometers, absorption by
ozone has a negligible influence on the ultraviolet irradiance
reaching the Earth's surface. Clouds also play a major role in
the transfer of ultraviolet radiation. To a first approximation a
specified cloud configuration attenuates all ultraviolet wave-
lengths by the same factor.

Time series of the measured irradiances integrated over the
wavelength bands 295-305 nanometers and 335-345 nano-
meters appear in figures 1 and 2, respectively. For simplicity,
we refer to these as the irradiances for 300 and 340 nanometers.
All data apply to local noon and encompass the period 19
September through 21 December 1988. The large day-to-day
changes in the 340-nanometer irradiance arise from variations
in cloudiness. Underlying these fluctuations is a gradual in-
crease in irradiance over the observing period related to the
decreasing noontime solar zenith angle. Rapid variations in
the 300-nanometer irradiance arise from both changes in cloud-
iness and the ozone abundance. The presence of the ozone
hole is apparent during middle to late October. The irradiance
at 300 nanometers measured on day 293 (19 October), more
than 2 months before the summer solstice, is slightly greater
than that on day 349 (14 December). This should be contrasted
with the behavior at 340 nanometers on these same days as
shown in figure 2. Here the irradiance measured on 14 De-
cember exceeds that for 19 October by a factor of 1.6.

PrelinfinanI analysis of cloud cover. The presence of the ozone
hole results in an enhanced background ultraviolet radiation
level, but on time scales of a few hours, the local cloud cover
may have a sufficient optical thickness T to reduce the ultra-
violet surface irradiance to an unperturbed level. For a given
date and local time, we use theoretical radiative transfer meth-
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