
conjunction with the collection and measurement of coliform
bacteria presumably released from the McMurdo Station waste-
water outfall. Measurements continued for periods of 9 to 75
days. Preliminary analyses indicate several features of currents
in the near-shore environment at McMurdo Station, including
periodic flow patterns related to daily tidal changes, net trans-
port, and episodic flow reversals in some areas. These features
have important implications for the advection of the sewage
plume from the McMurdo Station sewage outfall.

The general patterns of advection are shown in figure 2, which
also shows station locations and a current vector that is indicative
of the direction and magnitude of each net flow. This vector
indicates the average direction and rate of the flow at each stat-
ion during the measurement period but does not indicate any
variation in flow, although at some stations, the variation was
considerable. This flow pattern, which involves a strong south-
ward flow near Hut Point and a small counterclockwise gyre in
Winter Quarters Bay reaching at least as far south as the outfall
station, is probably typical, as documented in other studies (e.g.,
Raytheon report circa 1983). Near the sea-ice transition (station
F) the net flow was slow and toward the southeast, along the
coast. This station may be southeast of the gyre mentioned above,

or advection may be related to its shallow depth. The net flow
near the jetty was very sluggish, with somewhat higher speeds
toward the south at station H.

The most important implication of this preliminary analysis
of the data on advection in the vicinity of the outfall is that
although the flow generally carries the sewage plume offshore
and toward the west (away from the intake area), there are
episodes of current reversal when the plume may be advected
toward the intake pipe. We plan to undertake continuing studies
to consolidate our understanding of the distribution and move-
ment of sewage from McMurdo Station in the antarctic marine
environment.

This work was supported by National Science Foundation
grant DPP 90-19059.
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The Bahia Paraiso spill in Arthur
Harbor, Anvers Island
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Enroute to resupply an Argentine antarctic base, the Bahia
Paraiso ran aground on 28 January 1989, approximately 2 kilome-
ters from Palmer Station, an U.S. antarctic research station. The
Bahia Paraiso had just completed a sight-seeing visit to the station
and was exiting Arthur Harbor when the accident occurred. The
vessel contained a cargo of diesel fuel arctic (DFA), jet fuel, gas-
oline, and compressed gas cylinders totaling more than 250,000
gallons. A 30-foot tear in the ship's hull began to discharge petro-
leum into the waters of the surrounding bays almost immedi-
ately. Within 4 days of the accident 100 square kilometers of sea
surface was covered by an oil slick and an estimated 600,000 li-
ters of diedel fuel arctic (DFA) had been released.

The first evidence of ecological damage was observed in the
intertidal zone. Invertebrate mortality, mostly dead and mori-
bund limpets, was observed as early as 1 February, with thou-
sands of dead individuals being observed by4 February (Kennicutt
et al. 1990). Comparative qualitative evidence suggested as much
as 50 percent of the littoral population perished within a 2 kilom-
eter radius of the wreck. Limpet mortality was heaviest in coves
that retained oiled waters or were persistently replenished with
oil due to the prevailing winds (Stockton, personal communica-

tion.). Well-drained intertidal pools more distant from the spill
were less affected.

The earliest evidence of lethal exposure of sea birds was noted
on 1 February when dead, oiled Adélie penguins and blue-eyed
shags were found in Biscoe Bay adjacent to Palmer Station (Fra-
ser personal communication). The mortality rate during the spill
was less than 300 individuals over a 3-week period, with 89 per-
cent being penguins and shags. The actual rate may have been
higher due to an underestimate of mortality caused by the severe
weather conditions, the efficiency of scavengers and predators,
and the abandonment of breeding colonies. A breeding failure—
caused by natural factors—among shags and south polar skuas
coincided with the spill.

In response to the grounding of the Bahia Paraiso a series of
intertidal, subtidal, and bay sampling sites were established to
determine the fate and effect of the released petroleum (figure).
Tissue, sediment, and water samples were collected over a 6-
week period after the spill and standard stations were establish-
ed for reoccupation in subsequent years. Hydrocarbon analyses
confirmed that macroalgae, limpets, and beaches were repeat-
edly stained with diesel fuel and the greatest contamination was
in intertidal areas (Kennicutt et al. 1991a and b). Intertidal lim -
pets were "oiled" over a 6- to 7-week period. Two weeks after the
first spillage PAH contamination was reduced by a factor of three
to five. After 6 to 7 weeks contamination was nearly an order of
magnitude lower than during the most intense "oiling" (Kennicutt
et al. 1991a). Sediments and cobble beaches in the intertidal were
contaminated over a period of several weeks and took anywhere
from days to weeks to be cleansed.

The diesel fuel rapidly evaporated, was diluted with seawater,
and much of the residue was flushed from the immediate area by
wave and current action. Several factors contributed to limiting
the impact of the spill including the volatility of the released
product, the relatively small volume of material released, the
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Summary of total PAHN detected In intertidal limpet tissues In Arthur Harbor at various times after the Bahia Paralso spill
(modified after Kennlcutt et al. 1990a)

Approx.
distance
from the

Island	Bahia Paraiso, km	2/1/89	2/4/89

DeLaca	 0.2	 698	125147
Janus	 0.3	 1029	 4120
Litchfield-A	 0.8	 527	21203
Torgersen	 1.2	 549	 10162
Litchfield-B	 1.3	 329	78248
Bonaparte Point	1.4	 164	 3673
Litchfield-C	 1.4	 194	 2178
Humble-A	 1.7	 571	 15495
Humble-B	 1.8	 1542	36395
Norsel Point	 2.1	 1399	 1723
Hero inlet	 2.1	 677	 5387
Christine-A	 3.5	21959	 17211
Christine-B	 3.6	35775	 11322
Hermit	 4.0	 16969	24874
Limitrophe-A	 4.1	 75301	 23833
Limitrophe-B	 4.2	 2687	 15946
Laggard	 4.4	 2707	 1888
Jacobs	 4.7	 5648	25856
Comorant-A	 5.7	 1440	48993
Comorant-B	 6.0	 1403	 628

aln ppb dry weight. bBelow detection limit (-10 ppb).

3/31/91 to

	

2/2/89	3/17/89	3/22/90	4/15/91

	

1260	 3893	1001	 177

	

1272	 1882	 b	 32

	

4996	 2791	1070	382

	

1819	 b	 523	 186

	

9639	 2111	 276	248

	

17653	 2094	919	276

	

227	 2264	259	 43

	

1090	 1861	 233	 198

	

3267	 2511	 324	 36

	

76	 780	 b	 54

	

6262	 473	544	 57

	

4279	 925	 b	 174

	

2749	 1198	1181	 337

	

3244	 2138	907	528

	

1722	 2413	672	471

	

1683	 901	 b	 84

	

1242	 515	 21	 68

	

3077	 --	 b	 71

	

54347	 1203	622	 35

	

1315	 460	 b	 80

weather conditions, the offshore winds and currents, and the lack
of low energy intertidal areas for fuel to accumulate.

One year after the spill several areas exhibited continued con-
tamination due to chronic low-level leakage from the ship (table).
Subtidal sediments and distant intertidal locations contained no
detectable PAR Exceptions were two beaches on Hermit and
Cormorant Island and limpets in close proximity to the wreck (i.e.,
Janus Island, DeLaca Island, and Bonaparte Point). Sediments
near the docking facilities at Palmer Station are contaminated due
to station and boating activities. Diesel fuel and combustion-relat-
ed PAH contamination are present in sediments and limpets in
close proximity to the station (Kennicutt et al. this issue).

Two years after the release of DFA into Arthur Harbor, little
spill-related contamination could be detected in intertidal and
subtidal limpets (table). Periodic releases of small amounts of
material randomly contaminated nearby islands; in particular
the intertidal areas of Christine, Limitrophe, and Humble Is-
lands. Subtidal sediment contamination was primarily due to
other local inputs. A few beaches were anomalously contami-
nated 2 years after the spill. Quiescent weather conditions,
occasional releases from the wreck, and prevailing winds and
currents tended to concentrate contaminants in these relatively
low-energy environments. The intertidal limpets collected along
these beaches were also contaminated.

These studies were supported by National Science Founda-
tion grants DPP 89-12497, DPP 89-15015, and DPP 90-22346. We
would also like to acknowledge the field support of Jim Jobling,
Anthony Tripp, Tim Wilkinson, and Elsa Haubold. Laboratory
and data support was provided by numerous GERG staff scientists.
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Polynuclear aromatic hydrocarbon
exposure in antarctic fish

SUSANNE MCDONALD, MAHLON KENNICUTT II,
AND KATE FOSTER-SPRINGER
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MARGARET KRAHN
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Antarctica is considered to be one of the last remaining pris-
tine environments. Consequently, much interest has been gener-
ated concerning the influence of humans on the antarctic environ-
ment. Recent studies have documented the presence of petro-
leum-related hydrocarbons in sediments and tissues sampled
near Palmer Station and the Bahia Paraiso wreckage (Kennicutt et
al. 1990, 1991a, b, and c this issue).

A study was undertaken to assess polynuclear aromatic hydro-
carbon (PAN) exposure in fish. Fish enzymatically convert PAN
into a variety of metabolites not detected by conventional tech-
niques so measuring tissue concentrations in fish can underesti-
mate PAN exposure. The metabolism of PAN is catalyzed by
enzymes concentrated in the liver. Subsequently, metabolites can
be excreted into bile for eventual elimination. The induction of
mixed-function oxidase (MFO) enzyme activity has been widely
used as a sensitive bioassay technique for the detection of organic
contamination. The activity of ethoxyresorufin 0-deethylase
(EROD), a MFO enzyme, is commonly measured to suggest PAN
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