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PREFARCE

The spill of Bunker—-C fuel from the USNS POTOMARC on ARugust 5, 1977. in
Melville Bau, Greenland. {s among the few oil spills studied in Arctic waters.
This report presents the studies and rindings of the NORR-USCG Spilled Oil
Research and Grinlands Fiskeriunderstigelser (Greenland Fishéries
Investigations. Ministry for Greenland) teams which responded to study the
spill. This spill is noteworthy for three reasons: 1) the spill occurred in
the pristine waters of the Arctic which have very Llow background levels of
petroleum hydrocarbons and a fragile ecology. 2) the fuel ofl. (a blend
containing 55 percent pitch with a specific gravity of 1.854) remained on the
surface until 1t weathered sufficiently to sink, and 3) a fairly comprehensive
sampling program was undertaken tn spite of the remoteness and Logistic
problems, which served as the basis for comprehensive studies on the fate and

impact of the spilled oil.
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1.8 INTRODUCTION

Oon the morning of August 5. 1977, the U.S. Navy ship POTOMARC., bound for
Thule Air Force Base with a cargo of arctic-blend diesel fuel. was being
egcorted in intermittent dense fog by the U.S. Coast Guard cutter WESTWIND
through the scattered sea ice of Melvilite Bay in the northeastern part of
Baffin Bay off western Greenland. The WESTWIND moved into a targe ice floe at
9 to 18 kn. followed by the POTOMAC. When both vessels were in the ice floe.
a crewman on the POTOMAC sighted oil on the water at 8438 local time. The
WESTWIND was immediately informed. The POTOMARC’s position at the time of the
sighting was 74°52’N. 61°13'W (Figure 1-1). It was discovered that the No 2
Bunker (deep port) tank. containing about 1867.688 us gallons of Bunker-C fuel.
had been "holed" by an iceberg or ‘grouwler”". Almost all of the fuel tn the

holed tank was eventually spilled.

Calm seas with waves of 8 to 2 ft and light winds of 8 to 7 kn kept the
pil from dispersing for several days after the spill. While the WESTWIND
escorted the POTOMAC to Thule with a water bottom in her holed tank,
representatives of the U.S. Coast Guard (USCG) National Strike Force and the
U.S. Nawy Military Sealift Command flew to Thule aboard a USCG C-138., arriving
on August B. Immediately upon arrival, they left for the scene af the spill
onboard the WESTWIND. From August ia to 12, the C-138 flew over the entlire
area, carruing 1ts airborne oil survelllance system for mapping the extent of
the gil slick. Helicopters from the WESTWIND also participated in the search.
The C-138 located the major concentration of the oil on August 12. and

directed the Coast Guard helicopters and the icebreaker WESTWIND to the scene.
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2.8 SCIENTIFIC RESPCNSE TC THE OIL SPILL

As 1is standard for oll spills, the sctentific response to the POTOMAC oil
spill was an ad hoc effort by concerned sclientists. The U.S. and Danish
responses were not fully preplanned not were they coordinated before arrival
on scene. This section summarizes the events and planning that culminated
with their arrivat on scene and the objectives for their responses. Summaries
of the impact of the spitl and the significant scientific findings are
presented in Chapters 18 and 11.

2.1 NOARA Response

On August 11 and 12, the Orffice of the Chief or Naval Operatlions called
upon the Office of Environmental Monitoring, National Oceanic and Atmospheric
Administration (NORR)., regarding possible advice or assistance with the
POTOMAC oil splill. ®After consultation within NOAA. the Nawy was informed that
the NORA-USCG Spilled 0CiL Resesarch Team (SOR) could lLend asslstance.

On August 14, 3 meeting was held at the U.S. Nawy Military Seallifrt
Command in Washington D.C. attended by repraesentatives ar the Nawy
Superintendent of Salvage, Chief of Naval Operations, and the NOARR SOR team.
At this meeting a description of the water circulation in the vicinity of the
spill was presented along with the most recent "pollutlion report" from on
scene. This report stated that there had been a "fralrly rapid dispersion and
breakup considering Cthel nature of [the o0ill...the rainbow streamers [hadl
disappeared teaving chocolate mousse streamers ... [weather] cailm ... sea
conditions have not accelerated this breakup ... [Cthe oill will not float
forever: {t will breakup and dissipate through evaporation and C(chemicall
breakdown with subsequent dispersion into [thel water column. " and "oil within
streamers on 12 Aug showed 58,880 gals of recoverable oil ... a 58 percent
recovery woutd be optimistic." They cautioned against owverconridence.
continuing "a [weather] change with Cincreased] wind could disperse the oll so
widely that recowvery could be reduced to 1-5.8688 pals.” The message finished
with, "Cclonversely., the oill could be pushed ashore contaminating 28 miles of

ice and coastline with 18-25.888 gals ...." and since “impact would be in a

2-1
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sensitive eskimo hunting area. ... the sensitivity of the incident vws. cost
of [Ca cleanupl response dictates referral to mission coordinator faor

appropriate action.”

Additional information for those present at this meefting was contained in
a brief summary of tupical physical properties or the spilled ruel: tl.e..
"typical" analuslis as relayed by EXKON: specific gravity 9.974 at 68 F [9.987
at 38 FJ ... oll will float [rather thanl sink ...." As was to he learnsd
tater. these "tupical" properties of the spilled oil were all that could be

provided on short notice by EXXON because of a communications strike in Aruba.

.

The NCARA representatives disagreed with the aoptimistic predictions in the
pollution report that the mass of the oll remaining at the surrace would
cantinue to diminish by S8 percent per week, until "residual tarballs
remaining after 6 weeks would be 3 to S percent of the total spill." This
disagreement waz based on 1) the reported specific gravifty of the spilled oil,
and 2) the llkelihood that the mass reduction observed in the first week was
due to a total loss of the volatile fraction (b.p.< 258 C) of the '"cutter
stock". It was their opinion that continued reduction of the mass of the
sukface oil was unlikely. but that horizontal dispersive processes would
quickly Lower the possibility of recovering the spilled oil. Based upon the
reported movements of the surface oil during the week that had elapsed since
the spill and the analysis of the surface water motlon in the Melville Bay -
Cape York area. they predicted that within 2 weeks., or by about August 27. the

surface oil would be so widely dispersed that no recovery would be possible.

The U.S. Nawy Military Sealift Command declded to proceed with the
cleanup effort euen though 9 days had elapsed since the spill and theuy zgreed
that the overall effort would benefit from 2 scientific response that would
include biologists, a phusical oceanographer and a chemist. It was decided
that four SOR Team members should accompany the Coast Guard Strike Team
personnel on the C-58 flight to Thule. The sclentific mission was threefold:
1) to advise and assist the On-~Scene-Coordinator. the Strike Team. and the
Nawy to the maximum extent possible., 2) to conducf chemical. physical., and
biologicat sampling for a rudimentary assessment of the ecological impact. and
3) to assist and callaborate with the Danish scientists aboard the R~V ADOLF
JENSEN. The SOR team arrived in Thule 3t 8260 EDT on AuQust 16, Left ror the
scene of the spill aboard the USHNS MIRFAK, and arrived a2t the WESTWIND's



position at 1382 EDT on August 17. The NOAA field effort was completed with
the return of the WESTKWIND to Thule on August 21.

2.2 Danish Response

At BB18B GMT aon August 6, the Ministry for Greenland received a message
that 328 tons of oil had been spilled by the USNS POTOMAC in Meluille Bau.
Greenland. The Ministry recognized that this opportunity to study an oil
spill In Arctic water was of particular Interest because of the ongoing oil
exploration off West Greenland and the importance of hunting marine mammals
and birds in this area by native hunters. Moreover, they wanted the
opportunity to exercise and test recent contingency plans for oll spill
Iesearch. The Minsitry. thererfore. redirected the research wvessel ADOLF
JENSEN from its scheduled cruise to a special cruise into Melville Bay to
study the ail spill. During the next 4 days. a cruise plan was generated and
the required special eguipment was staged onboard the ADOLF JENSEN. The
cruise plan called for phuysical. chemical, and Biological observations and was
generated with inputs from the Water Quality Institute, Marin ID. the
University of Gothenburg, and Greenland Fisheries Investigations, Ministry for

Greenland.

The sclentific staff for the cruise, two bilologists and a marine mammal
observer, lefrt Copenhagen. Denmark on August 1@ and arrived at Holstelinborg,
Greenland the same day. In the meanwhile, the ADOLF JENSEN had been prepared
for the cruise and sailed from Holsteinborg when the scientific partu was
aboard. Considering that there was only a weekend between the notice of the
spill and the departure of the s=cientific team., that some of the scientific
gear had to be sent from Sweden to Denmark, that the RDOLF JENSEN had to be
directed from an area off Disko Island to Holstelnhorg, and that the
communications between Greenland and Denmark were very difficult because of 3
strike at the Greenland radio stations., the cruise to Melville Bay could
hardly have been started earlier. The ADOLF JENSEN arrived at the scene of
the spill on August 12 and the investigations sltarted immediately. The cruise
terminated on August 23 when the ADOLF JENSEN arrived at Egedesminde,

Greenland.



2.3 On-scene Coordination

On August 17, the NCAR and Danish scientistz met onboard the ADOLF JENSEN
to exchange plans and discuss scientific coordination. At this meeting 1t was
agreed that the chemistry sampling was all to be done from the RDOLF JEWSEN
because of better logistic support. Conseguently, one of the NORA team Joined
the ADOLF JENSEN with the required sampling and analytical eguipment. It was
also agreed that the NOAA team remaining on the WESTWIND would focus its
efforts on tha mouvement of the oil and on obtaining neuston and bongo tows for
biological samples at or near the surface. The Danish team on the ARDOLF
JENSEN would concentrate on the subsurrace btological sampling in addition to
the chemistry. Daily contact was maintained between the two teams to snsure

coordination and to discuss current findings.



3.8 FIELD PKCIRAM

The rield prodram In response to the USHS POTOMAC oll spill =
toricentrated Yiom August 13 to 21 Por the vast majority oy the smmplinem,
Forty-six stattons were occupied rram the U.S. Coast Guard cutier 'ESTHIND and
the Greenland i"esearch vessal ADOLF JENSEM. 1ne locacions of thesz stations
are presented in Table 3-1 and Figures 3-1 to 3~4. HLso noted in fable =-1
are the sampl Ing programs undertaken at each stztion. These saupling <tations
were the basis fur the physical., chemical, and biological studiss conductad by

the NOARR and Danlish scientists.

In support of the physical studies., 11 temuerature proiiles were o.tained
to depths af 459 m using expendable bathythermographe (¥BTs). eight stationz
collected huydrographic temperature and salinity data using Mansen bottleo and
reversing thermoimeters. and,at two stationz, expendable currant mezsurioe
probhes were deployed. the phusical programs were undertaken to deternine the

movement of the oil and are contained in Chaptei: 4.

Thirteen surrface oil samples were collected for studiss on the veathi-ing
of the surface oil. Aliguots of these samples were cnalyzed a< part of the

NOAA and Danish programs and are dlscu:sed in Chapter 5.

To ascertaln the lmpact or microblological degradacion of e gpill=d
oil, cultures ware ~irown on various substrates from samoles cnllecoed at fiwve
stations by Darilsh scientists. The results of these studlaes are containad in

Chapter 6.

Wati senples Were collected at 18 stations to determine hou much 0il wWas
accomnmodated into the water column. More than S samples at de2pths cown to 3C
m were ghtained. The NOAAR teaw collected theit samples uzlng a Nilzkin sterile
bag sampler white thz banizh team collected their samples with a 1.8 L niass
pottle loweted in an stainless steel frame. These bottles were Fitted with Q
teflon-Lined csp wnlch was plerced by a spike when a messenner was diroprod.

allnwin? the bottle to be Tilled.

The Loutles war'e not resealed bevora being brought back tniough tha

suface, Excepnt far two rererences stations acquired on tha2 ra2turn ©o Thulz Dy

|



Table 3-1.

Scientific stations occupied during POTOMAC oil spill

Date Time Vessel* Station Latitude Longitude Map Program supported*#* Comments
1977 GMT W fig. X H C O M W 2
10 Aug W W-1 75° 02' 60° 50°' 4 0
12 Aug W W-2 75° 06' 61° 43" 4 0
13 Aug 1130 AJ 5460 74° 53! 61° 10' 3,4 H D Z Stramin & Hensen
2300 AJ 5461 75° 10° 61° 23' 3,4 H 0 M D Z Stramin & Hensen
14 Aug 1400 AJ 5462 75° 25" 61° 44! 3,4 0 M D
15 Aug 2300 AJ 5463 75° 127 61° 23" 3,4 0
16 Aug 1123 AJ 5464 75° 327 61° 30' 3,4 0 Z Stramin & Hensen
1155 W X-30 752 13! 61° 24' 4 X
17 Aug 0007 W X-31 75° 14! 61° 26" 4 X
0607 W X-32 75° 14! 61° 05' 4 X
1215 W X-32 75% 14t 61° 05' 4 X
1310 AJ 5465 75 307 60° 38' 3,4 Z  Midwater Trawl
2100 AJ 5466 75° 207 61° 12' 3,4 H 0 N,D
18 Aug 0009 W X-34 75° 21! 61° 05' 1 X
0300 AJ 5467 75° 34! 61° 09' 3,4 0 M N,D
0634 W X-35 752 21 61° 12°' 4 X
1205 W X-36 75° 20' 61° 10' 4 X
1700 W 1 75° 30' 61° 02' 2,4 X H
1900 ‘AJ 5468 75° 42! 60° 15°' 3 H M N,D
2100 W 2 75° 23! 61° 53" 2,4 X H
19 Aug 0500 W 3 75° 14 61° 10" 2,4 X H D 2 Stramin & Hensen
1448 AJ 5469 75° 44" 61° 35' 3 H N,D Z Stramin & Hensen
1600 W B-1 75% 15! 61° 15' 4 z Bongo 10,15,20 m
1700 W B-2 75% 157 61° 15 4 0 Z Bongo 5,10,15,20 m
1830 AJ 5470 75° .35 61° 24 3 H N,D Z Stramin & Hensen
20 dug 0540 W WW-1 75° 16.5" 61° 20' 3 z Neuston
0635 W Wi-2 152 175 61° 15* 3 Z  Neuston
0723 W WW-3 75% 18.5" 61° 12.5° 3 7. Neuaron



Table 3-1. Scientific stations occupied during POTOMAC 0il spill (Continued)

Date Time Vessel*®  Station Latitude Longitude Map Program supported*#* Comments
1977 GMT N W fig. X H C 0 M W z
20 Aug 0748 W WW=-4 75° 19.5¢ 61" 105" 3 Z Neuston
0827 W WW-5 75% 205" 61° 14" 3 Z  Neuston
0850 AJ 5471 75° 26' 61° 10" H 0 N,D 2 Stramin & Hensen
0945 W WW-6 75° 22.5'"  61° 04' 3 Z Neuston
1045 W WW-7 75° 18.5' 61° 19' 3 Z Neuston
1129 W WW-8 75° 18" 61° 177 3 Z  Neuston
1200 H A 75° 22' 60° 30' 1,3 C Bad probe
1300 H B 5% 157 61° 00' 1,3 C
2130 AJ 5473 75% 16? 61° 15 2,3 0 N,D Intercomparison
21 Aug 1300 AJ 5374 75° 157 61° 10" 2,3 M D 0il waste background
0843 W WW-9 75% 26! 62° 52! 2 z Neuston
1600 AT 5475 74> 557 60° 12' 2 0 M D
1253 W WW-10 757 45! 65° 50' 2 X N Neuston
2200 AJ 5476 74° 39! 58> 107 3 D
1600 W Ww-11 75% 537 67° 58' 2 N Z Neuston -

Reference station

west of Cape York
22 Aug 0100 AJ 5477 74° 217 58° 37° 3 H D Z Stramin & Hensen

Reference station

18 Sept Local 75° 7 61° ? 0

1 Oct Local 75° 17 61° ? 0

*W= Westwind AJ = Adolf Jensen H = Helicopter Local = collected by local hunters
**Programs :

X ~ expendable Bathythermograph

- Hydrographic data (Nansen bottles)
- Current measurement

-~ Surface oil sample

— Microbiology
- Water samples

=2 oo

€=t

N-NOAA D - Danish
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Figure 3-1. Locations of stations occupied by the WESTWIND. Areas
where surface oil was found are indicated for three days.

the WESTWIND., all the water samples were acgulred from either the ADOLF JENSEN
or from her rubber dinghy a few hundred meters away to decrease the chance of
contamination by waste discharges from the ADOLF JENSEN. The water samples
were extracted using hexane as soon as possible arter sampling (¢hoursy and
were independently analyzed using uv-flugrescence and gas chromatography-mass
spectroscopy by both NORR and Danish contractors. The results of these

studies are presented in Chapter 7.

Zooplankton samples were collected using four different sampling devices
at 22 stations. The NOAA team conducted 1! neuston tows with an B.5 x 1.8 m
frame fitted with 3 ©.585 mm mesh net., These tows each sampled 5S5B sg m aof
surface area. They also conducted two bongo tows with 61 cm frames ritted
with 8.565 and .333 mm mesh nets. The rirst tow was ror a distance of 8.296 km
at 28, 15, and 18 m depth each, while the second sampled for 8.95 Km at each
depth of 28, 15, 18, and 5 m. The Danish team collected samples with a
2-m-diameter Stramin net Yitted with a mesh of 588 threads/m and a Hensen net

of 72 cm fitted with No. 3 silk mesh at each of their statione. The Stramin
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Locations of stations occupied by the ADOLF JENSEN.
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Figure 3-3. Detailed locations of NOAA and Danish stations in the
area of highest oil concentration. See Table 3-1l.



net performed obligue tows from 288 m depth for about 38 minutes at 1.5 kn
speed. while the Hensen net was hauled vertically from 58 m at .33 mss. The
results of the species compaosition and contamination studies are contained in

Chapter 8.

Limited obseruvations an marine mammals (seals) and seabirds were made
during the study period. Olted skins of seals, shot later in the year by
tocal Eskimo hunters. were made availible to the Danish team ror chemical

analyses. These studies are presented in Chapter 9.

As with any ad hoc scientific response. not all the desired information
was collacted during the field program. In retrospect, there should have heen
more direct measurements of the surface currents using the current probes. and
it would have been desirable to have conducted the zooplankton sampling to
account properly for diurnal variability. Probably the most important data
not chLected were numerous samples of the subsurface oil for weathering
studies. However. given the short notice before departure. it {s probabluy

significant that the sampling was as camplete as it was.






4.8 MOVEMENT OF THE OIL

To assist the On-scene-Coordinator and to assess ecological effects, {t
was necessary to determine and predict the movement of the spilled oil. This
was done by both difact measurements and modeling. The horizontal aduvection
of spilled oil is influenced by the general circulation or permaneht currents
upon which the local effects of wind stress and waves on the oil are
superimposed. These local effects tend to move the oll {ndependentiy of the
surrounding watar. The approach used was to determine separate contibutions
for the three time scales of motion -- daus for the permanent currents, hours
for wind stress, and minutes for the wave interaction -- and then draw
conclusions based on their relative magnitudes. Extensive use was made of a
report by Muench (1971) and supporting data from U.S. Coast Guard icebreaker
cruises in 1968, 1969, and 1978 (Muench et al.., 1971; Moynihan and Muench,
19715 and Muench. 1972).

4.1 Circulation And General Climatology Of Baffin Bay

Baffin Bay is a semienclosed body of water with Limited access to the
Arctic Ocean to the north and to the Atlantic Ocean to the south through Davis
Strajit. The waters in the bay consist of four Layers: a surface lLayer
extending to a depth of about 5 to 18 m gensrated by ice melt, a cold
subsurface:layer (< B8 C) from 28 to 182 m deep generated from the mixing of
Arctic water and Atlantic water. 2 deeper layer of warm water (> 8 C) from 156
to 480 m deep originating from the Atlantic, and a bottom layer of cold water
(< 8 C) below S8@ m.

The circulation of Meluille Bay is dominated by the West Greenland
Current, which flows to the north along the west coast of Greenland. This
current appears to be driven primarily by runoff and i{ce melt as the
climatological winds are not very strong. The current primarily is contained
in the upper lLauer of the bay (down to 28 m).



4.2 Currents And Horizontal ARdvection Of The 0Oil
4,.2.1 Gepstrophic Currents

Historlical data (Muench. 1972) indicate that the predominant surface
currents in Melville Bay are roughty parallel to the coast. In the area of
the spill. the current is to the northwest, changing to west off Cape York.
The geostrophic currents follow the contours of dynamic topography shown in
Figure 4-1. Since these currents are based on isolated hydrographic stations
acguired befare 1971, the geostrophic currents were estimated during the spitl
from three hydrographic stations occupied on August 1B and 19 by the WESTWIND.
Rt these stations. temperatures and salinities were measured with Mansen
bottlas and reversing thermometers at sewven depths from the surface to 158 m.
The locations of tha stations are shouwn in Flgure 3-4. The primary purpose of
the stations was to define the density structure at the top and bottom orf the
subsurface Arctic water as an aid in predicting the Location of the 2il in the
wafer column in the event the oil sank. Thus the acguired data did not
adequately define the major density structure at the surrace required for
geostrophic calculations. Additional levels were interpolated for. based on
the temperature-salinity relationship deriwved from the Nansen casts and the
temperature structure derived from XBTs at each station. The density
structure was found to be nearly constant below 49 m (Figure 4-2), in accord
with historical data. and the surface currents werz computed relative to a
depth of 48 m. The calculations indicated a westerly flow (26A°T) at 2 cm/s,
which is onlu a crude estimate because of the interpolation used to supplement
the'Hansen data and the Lack of synopticity. The error bounds for the speed
were estimatad to be -3 to +5 cmss and +/- 328 degrees for direction. Since
the origin of the lighter surface water {s ice melt. the derived current is

consistent with the greater concentration of ice near the shore.

Several hydrographic statlons were occupied by the Danish researchers
from the ADOLF JEMSEM., but simultaneous XBT data were nobt availible to allow
interpolation of the required additional levels to define the density
structure. Also., zall but one orf the ADOLF JENSEN stations wers more than 38
nmi from the area of the spill or were separated In time by more than 36 hours
from the WESTWIND stations. The one comparable station (Station S466) was
consistent with the three WESTWIND stations.
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Figure 4-~1 Dynamlic topography of the surface with respect to
1,500 decibars (from Barnes, 1941). Contour interval
is 0.05 dynamic meters (from Muench, 1972),.
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Figure 4-2. Vertical density distribution at three
‘hydrographic stations.

Nine additional XBT stations in the area indicated that the top of the
subsurface Arctic water (B C isotherm) was bétween 18 and 38 m deep. However.
as the sensity at temperatures near 8 é'are dominated by sallinity effects,
these XBT data did not yleld any further {nformation for estimating the

geostrophic current.
4.2.2 Direct Measurements

On August 28, an attempt was made to measure surrace currents directly
with three Richardson current probes deployed from a helicopter. Only one was
partially successful: the other two failed to release any supsurface friloats.
From the single fioat released from the one partially successful probe, the
surface current was computed to be approximately 8 cmss 1In a southwesterly
direction ¢228°T). This current would correspond to the currents at 1 m depth
and is relative to the net transport of the entire water column. Based on
measurements or the elongation of the dye patches caused primarily by Stokes
drift and only slightly by windage. the uppermost surtace waters (5 cm) were
calculated to be moving at 2 cmss relative to the water at a depth of 1 m and

at a right angle to it (125°T).



4.2.3 MWind Stress Currents

A second method for zssessing the magnitude of the surface currents is to
model the currents from wind observations. The wind medel indicates that the
wind driven surface currents were directly downwind with & speed of about 3
percent or the wind speed. Wind observations were made on the WESTWIND at
6-hour interwvals while the ship was (n the vicinity of the spill. These wind
data and visual estimates of wave helghts are contained in Mattson snd Grose

(1a78).

Figure 4-3 shows the wind runs for the two periods when the WESTWIND was

19 AUG. 1800 aMT

11 AUG. 0000 GMT

10 ALG. 0000 QMT

Figure 4-3. Wind runs for 10-12 and 15-19 August.
The nominal position 1s 75°15'N, 61°W.

at the scene of the spilt. From these runs, one can model that the ofl would
have moved only 12 nmi In a nortwesterly direction (34B°T) from August 18 to
12 and about 12 nmi in @ zouthwesterly direction (120°T) rrom Rugust 15 to 19.
0il locations for August 15 and |7 (Figure 3-4) indlcate a net drift of 4 nmi
to the northwest (31B°T), and (for this time period) the model predicts 3
drift of 2 nmi to the south (168°T) at an average speed of 2 cmws. From this

difference between the slick locations and the wind model results, one can
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infer a general circulation of 6 cm/s in a northuwesterly direction (320°T).

4.2.4 Summary of Currents

Estimates of the three time scales that contribute to the (ocal surface
current are as follows:
1-General circulation.
a-Histarical values of Less than 29 cmss to the west.

b-Geostropic currents of 3 cm’s to the west (26B8°T) measured
realtive to 48 m depth.

c~1nfegred currents from the wind model of 6 cms/s to the northwest
(328°TH

2-Surface currents at 1 m.

a-Current of B cmss to the southwest (217°T) measured with
Richardson probe.

b-Average currents of 2 cm/s from wind stress in various
directions.

3-Surface currents at 5 cm (measured Stokes drift of 2 cm-s).

4.2.5 Horizontal Advection of 01l

Large errors. on the order of a factor of 2. are associated with all the
measurements described above. However. there 1s no doubt that the surface
currents are of small magnitude. The two shorter time scales probably
contribute less than S cmss and tend to average to @ because of the random
dlrections. The Long-scale motions appear to be westerly at about 5 cms.
which indicate that the oil was not transported far from the site of the

spill, t.e., less than 48 nmi over a 2-week period.

The elongated stick pattern was probably caused by spillage over a period
of time (i-hr duration at B kn = B nmi length). Once denerated. this pattern
was then advected by local currents in random directions. depending primarily
on winds with a net set to the northwest from the permanent currents. Oil
observed in neuston tows northwest of the main spill site during the return to
Thule on August 28 probably stemmed from continued leakage by the USNS POTOMAC
as she made her way to the same port via the same route. because the observed
currents were not strong enough to have carrled the principlal spill that far.
Advection of the oil by the surface currents did, however, allow a Llarge
surface area to be exposed to the oil at one time or another. The exposed

area 2 weeks after the spill was estimated =t 580 sg mi based on oil locations



and current measurements.

4.3 Physical Ohservations

Shartly after the spill, the oill was reported to be in the form of smatl
pancakes 18 to 25 cm in diameter and 8.5 cm thick, which were organized in
windrows about 3 m wide presumably from wind-induced Langmulr clrculation.
Sheen, a visible but thin slick, was seen emanating from these pancakes., and
major concentrations were easy to spot from the alr. By August 19, 14 days
after the spill., the oil was no lLonger noticeable from the air. |essels at
the site still reported some pancakes 1 to 13 cm in diameter on the surface.
in streamers aor rows several hundred meters Long and about 78 m wide. Less
than [ percent of the surface in these windrows. however. was covered with
oil. One windrow observed on August 28 was estimated to contain Lless than 358
gal in an area of 4.8880 sq m. Eighty percent or the pancakes no lLonger were
surrounded by sheen, and imore than 95 percent of the area of the individual
pancakes was submerged. Manu pieces the size and shape of cornflakes were
observed at the water surface and in the water column. On the previous day., a
large number of subsurface flakes were alsg reported. By this time the
surface oil had become spongy In texture, but {t was not undergoing
water-in-oil emulsirication or "mousse" formation. Even after seuveral days of
weathering., Lless than 5 percent water was found in the surface oil after {t
had been heated to 88 C.

The spilled oil did not reach share during the spill response. Icehergs
in the vicinity of the spill were examined by the U.5. Coast Guard to see if
oil was adhering to them. It was noted that the oil staued away Trom the

icebergs probably because they were actively melting.

Over the next 8 months. isolated reports of cil'slgntings and samples
were received from biologists on expeditions (E. Born and T. Kristensen,
personal communication to H. Petersen., 1978) and from Local hunters. One oil
samptle (Cctober 1) was confirmed as coming rfrom the POTOMAC and some of the
sezal skins (Chapter 9) mayu have been contaminated by POTOMAC oil: whether this
contamination occurred lLocally where captured or during their passadge through
Melville Bay is unknown. ©O1il clumps or tarballs were also reported to hauve
been taken in seal nets north of Thule at Moriussaqg (Flgure 9-1) during the

Autumn of 1977 and during April or May of 1978. AR Greenlander nunting polar
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kegr in Meluwille Bay (southeast of Savigsivik) r=2ported oil above and below
the sez ice. This hunter noted that the oil was coming up through craclks in

tha ize,

With the eceptions noted. none of these reports were confirmed as coming
vwor the POTOMAC spill by chemical analusis because the Greenlanders did not
callact samples. However, for tack of another source, theu may very Likely
have come from thig spitl. While the evidence (next section) strongly
indicates that most of the 0il sank, it {s apparant that at least sons of the
oil remained wm the sea surface =nd mau ha'e beesn aduecteu tn distant placen

ove:” the next isw months.

4.4 lMertical Movem=nt,

The initi~l specific gravity (s.g.) of the spilled oil was ©.376 which
wne a blend or 55 percent pitch with a s.g. of 1.854 and 'S percent cutter
stock with 2 s.g. of B8.883. As the cutter stock lost its Light fractions
through cwaporation., the s.g. of the remaining oil increased. A computation
hreed ch the nercent n—alkanes remmining (54 percent) in a surf=sce sample
szguired on Aucust 18 and the density of the original cutter stork (8.883)
indicated that. after 13 days of weathering. the s.g. had increased to 1.882.
G Lthiz date sm-ll Tlakes of oil were observed benzath the sea surface. The
wats: column in the arez can be considered a two layer Tluld system as =zen in
Tigure -2 with the top laysr being 18 to 280 m thick. The =.g. of the two
Loyere were 1.823 and 1.6827 respectively. The s.d. of the bulk weathered oil
(1.602) indicates that it should still have keen floating and inde=d it was
samaled Jrom the surface. 1t is hypothesized that the skin of the oilt
panczkes wee even more depleted in Light fractions and, thiough an exfoliation
process not iully understood, separated from the pancakes in flakes and sank
becausz the s.g. was greater than §.823. Calculations simliiar to tho--
mentione” above indicate that when 73 percent of the cutter stock had
evapuir ated, the residue blend would have a s.g. o 1.623 and would start to
sink. it cannot be assumed that the s.g. stopped increasing (hecause
waathering stonped) as scon as the oil sank below the sur f2ee: cheniceal
analysis 01 the one subsurface (bongo) sample (Chantaey S.2.2) indic=l=d thict
vesthering in vact innreased through dissolution of #f = eporinaly ~elihis

aromatic fraclions. It is beliauver that a grest ot af She woeatporad Gl



(67 percent of the 187,808 gallons spllied) eventually sankk to the botton In
the area where the spill was ohserved. Below 28 m, sinking whould have bzon
accelerated by the greater compressibility of the oil compared with the water
and hy the nearlu unlform density of the lower layer. Historical gecstrophic
current data indicate that the veloclties are low (2 percent cf the suri.co
currents) in this deeper layer whlich actually consists of three water asses
as noted earlier. Thus once the oll had sunk below 28 m, 1t would not tend o
mowve horizontally during the saveral weeks that It would take co reacn the
pottom about 1888 m below. At a mean fall velocity of 1 cm/min, 1t woutd t3ke
lews thari S8 days for the oil to reach the bottom in most areas of Melville

By,

4.5 Summary Of 21l Mouement

Trhe spilled oil was trarsnortad on the sea surface by wariable wiinds end
ooslow circulation to the weest or northwest., The wei-iable winds probably
cauzeo Little or no net moverant uwhite the slow circutation tranzported the
il a marimum distance of 40 nmi. The surface oll impacted approrinctseiy 580
sg mi oy Melville Bay. and a small plume was Left in the wake .7 e POTOAARC
irom continued Light Leakage while zhe proceeded to Thula. Afier surfic.ent
svaporation of the cutter stock (about 33 percent of the toetal volumed), 1o s
expectzd that @ great amount of the residue sank In the form o. swmLli (1 cm)
flakas (small 7vlakes were observed sinking) to the bottow of Meluilis L=
The water depth in the area of the spill was about 1,8e8 . and the deti~ttal
resiocue was scattered over a large area (~388 sg mi)., It is expected that

Lhis petroleum detritus will remain indefinltely in the bottom sediments.






5.8 WEATHERING OF SURFACE OIL

Both the Danish and the NOAA teams analyzed a time-series of surface oil
("tar") samples (Table 5-1), with the objectives of determining. the
degradation rate and the ultimate fate of the spilled bunker fuel. Bunker
fuel is usually a very heavy material and in this case the fuel was comprised
of a blend of 55 percent pitch (s.g. = 1.854) and 45 percent “cutter stock'
(s.g. = B.B883). The pitch originates from the residuum of the refinery
distillation process and would not be usable as ship fuel in its unblended
form. Cutter stock is added to the pitch In order to reduce the viscosity of
the blend sufficiently to allow it to be pumped., a2fter heating, from the
ship’s fuel tanks to the burning orifices. Cutter stock can originate
anuwhere in the refining process and would normally be & distillate material,
exhiblting complete volatilization over a discrete temperature range. In the
case of the POTOMAC’s spilled fuel. the cutter stock volatilzed completely
over a temperature range of 154 C to 388 C., as shown In Figure S-1. Because
of its distillate nature., the cutter stock component of the Bunker fuel will
evaporate., partially or entirely. on exposure {c natural weathering processes
at the sea surface. In measuring this process for the POTOMAC spill. both
teams employged a combination of gas chromatography (GC) and gas

chromatographysmass spectrometry (GC,MS) in thelr efforts to address the

following guestions., among others:
1-How did the composition and density of the surface oil vary with time?

2-Did the low temperature and calm sea state produce slower evaporatiaon

than one would expect in temperate zones and rougher seas?

Z-What was the "cutoff point" for the evaporative process in terms of
relative vapor pressures or bolling points, e.g.. did n-alkanes with

botling points of up to 258 C exhibit measurable evaporative losses?

388 C? 358 C7?

4-Did dissoclution of the low molecular wsioht aromatics ocour at a

measurable rate? Could it be distinguished from avaporation i{f lLosses

5-1



Table 5-1. Surface oil samples POTOMAC oil spill 5 August 1977

Date Time Station Latitude Longitude Comments
1977 GMT No. N W
7 Aug Thule From holed bunker - (not spilled oil)
Retain From Exxon Refinery Aruba, V.I.
10 Aug Wl 75° 02" 60° 50' Taken by WESTWIND personnel
12 Aug W2 75° 06" 61° 43°' Taken by WESTWIND personnel
13 Aug 2330 5461 75% 1ot 61° 23" Pancakes, 25 cm diameter
14 Aug 2000 5462 75° 25°' 61° 44" 0il slick with concentrated pancakes
15 Aug 2300 5463 75 13! 61* 23' Pancakes, 15 cm diameter
16 Aug 1130 5464 75° 12! 61° 30' Pancakes, 15 cm diameter
17 Aug 2100 5466 752 207 p1°® 12°
18 Aug 0300 5467 75° 34" 61° 09'
18 Aug 2100 WW 75° 18' 61 16" Collected from skimmer
20 Aug 0635 WW-2 75% 171! 61° 15! Collected from Neuston Tow #2
21 Aug 1600 5475 74° 56' 60° 12°' Taken in an area with 2 cm flakes
18 Sept 752 ¥ 60° ? Taken by local people in Melville Bay
1. Ot 75° 7 60° ? Taken by local people in Melville Bay

A
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Figure 5-1. Distillation curve for the cutter stock of the Bunker-C
fuel spilled from the USNS POTOMAC.

were pbserved?

5-Did microbial degradation take place to any noticeable extent? Could
microbial degradation hawve occurred at all In this relatively

‘pristine” environment?

6-Did the oil sink? Where did 1t go?

The USNS POTOMAC oil spill studies did pravide arswers to mast af these
guestions. In some instances the answers were surprising, and in all
instances the answers were welcome and provided field confirmation of one or
another model of oil spill weathering processes. Thils chapter describes both

the Danish and the NOARA approaches to these questions.



5.1 Analytical Procedures

The NHOAA team entered into a contract with Energy Resources Company,
Inc. (ERCO) of Cambridge., Mass., far the analyses of 1ts POTOMRC spill
samples. The principal investigator on the ERCO contract was FP. Boehm, and
the coauthor of ERCO’s report to NOAAR was D. Feist. Greenland Fisheries
Investigations had arranged with the Danish Water Quality Institute and the

University of Gothenburg, Sweden, for the analuses of their oil samples.

ERCO used similar procedures in analyzing both the seawater extracts
(Chapter 7) and the surface oil samptes. The latter were analyzed by silica
gel~alumina column chromatography. glass caplllary gas chromatography. mass
spectrometry. spectrofluorometry, and determination of asphaltene content.
The silica gelralumina column chromatography procedure was the same for both
the surface oil and the seawater extract samples, except that 1.8 ¢ of copper
metal powder was layered on top of the columns used for the surface oil
samples to remove elemental sulfur from the oil. The silica gel (7.5 g
salumina (2.5 g) column was then eluted with 18 ml of hexane and 25 ml of
benzene to yleld saturated (fl1) and unsaturated (r2) fractions of each oil and
water sample. The fractions were evaporated by rotary evaporation and an

aliguot was subseguently welighed on a Cahn electrobalance.

The column chromatography fractions were then characterized by glass
capillary gas chromatography using a Hewlett Packard Model 5B48A gas
chromatograph equipped with a flame ionization detector and interf:ced to a
PDP-18 computer. Samples were analyzed on a 1S5S m SE-38 column., with
temperature programed from S8 to 268 C at 3 Crmin. Retentlion indexes (RI) of
individual components of each fraction were calculated by comparing observed

retention times with the retention times of n-alkanes In a2 standard mixture.

The Danish Water Quality Institute (Hansen, et al.. 1978) employed both
SCOT (Support Coated Open Tubular) and packed columns on a Hewlett Packard

Model S838A and S5B4BA gas chromatographs, respectively.

The SCOT column was 56 m long. packed with OV-181. and was temperatuire
programed from 85 C to 275 € at 4 C/min. HNone of the surface oil samples
analyzed by Danish researchers were fractionated prior to injection into the

gas chromatograph.



Selected spilled oil aromatic fractions (f2) were analyzed by ERCO by
GCsMS using a Hewlett Packard S78BA chromatograph interfaced to a S988A mass
spectrometer with an electron ionization source and a 5934A data sustem. The
gas chromatograph was equipped with a 1S m SE-38 glass capillary column and
was temperature programmed from 88 C to 258 C at 4 Cs/min. Mass chromatograms
were reconstructed from mass fragments characteristic of particular compounds.

and peaks were electronically in:egrated to uield absolute concentrations.

Unfractionated surface slick and selected f2 column chromatography
fractions also were character ized by ERCO using spectrofluorometry with a
Farrand MK-1 spectroflucrometer equipped with corrected emission and
exclitation modules. Two types of spectra wefe obtained. Emission spectra
from 286 to 488 nm., with excitation of the sample at 254 nm. were used for
"matching" with the Bunker fuel carried by the POTOMAC (Jademac. 1(977).
Suynchronous scans. from 2568 to 3588 nm emission wavelength and 225 to 475 nm
excitation wavelength. were used to examine compositional changes in the
fluorescent compounds of the oil (Wakeham. 1877). Sample concentrations used
for the fluorescence spectra ranged firom 3.1 masmlL for synchronous scans to

28.8 mgsml for emission scans.

The analytical procedures used by ERCO for the surface oil samples are

shown in Figure 5-2.

Asphaltenes were determined by ERCO using ASTM Standard Method DB833-69,
except that hexane was substituted for pentane. One gram subsamples of oil
were repetitively dissolved in 18 ml of hexane and centrifuged at a relative
centrifugal force of 688 to 780 ¢g's. Approximately 18 washes were reguired to
completely remove the hexane-soluble components of the oil. The residual
"asphaltene" was dried at 118 C and its final weight was expressed as a

percentage of the initial weight of the oil.

The Gothenburg University (Ahnoff and Eklund., 1972) analuzed oil samples
and surface water samples suspected of containing oil particles or films.
Fluorescence spectra were recorded using an Aminco-Bowman SPF
Spectrofluorometer. For the qualitative comparison of different samples.
intensities at three wavelength combinations were measured, 238-348 nm.
278360 nm., and 318488 nm. respectively. The Bunker-C fuel and one sur face
il sample were further {nuvestigated by mass fragmentography. employing glass

capillary gas chromatography combined with a computerized mass spectrometer
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SURFACE OIL _
™  SLICK SAMPLE . _—_
WEIGH A SUBSAMPLE:; DISSOLVE IN
DETERMINE CYCLOHEXANE;
ASPHALTENES WEIGH ALIQUOT
BY ASTM METHOD DISSOLVE IN ON CAHN BALANCE
DICHLOROMETHANE;
WEIGH ALIQUOT ON
CAHN BALANCE
TOTAL OIL EXTRACT
ASPHALTENES (CYGLOHEXANE)
TOTAL OIL EXTRACT
(HEXANE)
MAKE UP A SOLUTION
OF KNOWN CONCEN-
TRATION; FINGER-
PRINT TOTAL EXTRACT
BY EMISSION AND
FRACTION ON A SYNCHRONQUS SPEC-
SILICA GEL/ TROFLUORESCENCE
ALUMINA COLUMN
FRACTION 1 (f,) FRACTION 2 (f,)
(SATURATES) (AROMATICS)
ROTARY EVAFORATE WITH N.: ROTARY EVAPORATE WITH N,;
WEIGH ALIQUOT ON CAlHIN WEIGH ALIQUOT ON CAHH
BALANCE; FINGERPRINT 8Y BALANCE; FINGERPRINT BY
SE-30 GLASS CAPILLARY SE-30 GLAS3 CAPIL .ARY
GAS CHROMATOGRAPHY GAS CHRYMATOGRAPHY
R e i i

Figure 5-2.

Analytical scheme for tha suriace 01’ soonle. usad
by ERCO for the NOAA sanple: .



(Varian Mat 112 - Spectrosystem 108 MS). Mass fragmentograph'; was used to
determine the conhcantrations of selected aromatic huydrocarbons. Due to the
high sensitivity of the masc spectrometer when used in the nonscanning made,
the samne téchhlque could be used to anatyze subsurface water samples.
Technical details are centained in Chapter 7.2.1.2, 3s well as za2n example of a3

mass Tragmentogram (Figure 7-7).

3.2 Resulrts

5.2.1 The Reference Sample

A sample of the Bunker-C fuel carried by the USNS POTOMAC was supplied by
EXXON from the originating refinery. Both groups usad the EMMON samples as a
standard. From this sample two fractions were prepared by ERCO: an 1
containing the saturated hydrocarbons (alkanes) and an f2 containing
nanihthenoaromatic and aromatic hudrocarbhons. These were analuyced by glass
capillary gss chromatography. The chromatogicamns. shown in Figures S-3 and
S5-4, indicate that thz fl fraction Is dominated hy a series of normal and
branched alkanes from n-Cl! to n—-C38. with & maximum abundance at n-Ci€ and by
a significant proportion of unresoluved components with similizar bolling range
and maximum detector response. The observed n-alkane composition is guite

similiar to an analysis of Bunker-C opil published py Clark and Brosm (1977).

The r2 fraction {3 dominaies by an unrecotlved conplex mi-~ture (UCM) with
onty small ralative proportions: of resolved components. The major resclved
components as determined by GCA/MS are m=thyl- and dimethyl-naphthalenes.

phenanthren2. and m2thyl and dimethyl phenanthranes.

A sample of the Bunker rtuel From the damaged tank was collected by the
Danish laison orficer at Thule shortly after the POTOMAC arrived in port.
Details of exactly how and where the sample was obtained within the tank are
not clear. This "Thule sample" was analyzed hy the Water Quality Institute
and found NOT tp compare with sither the EVXON sample or the samples collected
from the =sez surface of Melville Bau. The difference in composition between
the "Thule" ard other oil szmplesz may be duz tc weathering of the oll which
remained in the tonk during the transit from the spitl site., which s
unlikely. or., more probably. the oil sampled from the tank wss a residue from

a previouds fuel carried in the tank which had coated the tank sides.
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Figure 5-3.. Gas chromatogram of fl (saturate) fraction of the spilled fuel.
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Figure 5-4. Gas chromatogram of f2 (aromatic) fraction of the spilled fuel.

5.2.2 Gas Chromatography of the Surface 0Oil Samples

The glass capillary gas chromatograms of the spilled oll samples are
quite simillar, except for some variability In the relative abundance of the
more votitle and soluble components. The asbundance of the n-alkanes in the f1
fraction for each spilled oil sample was normalized to that of n-C28, allowing

one fo compare relative changes In the chemical composition of the spilled oit
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Relative peak abundance of n-alkanes for spilled oil samples

analyzed by Water Quality Imstitute.
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samples over time under the assumption that the concentration of n-C26 was
constant. Since the primary short term weathering mechanisms. evaporation and
dissolution. preferentialty deplete lower molecular welight compounds.
normalization to a relatively high molecular welight compound s reasonable. A
graphic representation of the n-alkane relatlve peak abundances ror selected
samples is given in Figures 5-5 (ERCO) and 5-6 (Water Quality Institute). The
gcatter of the points for n-alkanes less than n-Cl8 {s much greater than for
those components above n-Cl18 and shows 3 trend of depletion of Llower molecular
weight compounds as function of time. The observed depletion of the Lower
molecular weight n-alkanes with time {s the result of selective evaporation
and dissotution of the lower weight alkanes with vapor pressures greater
(boiling points Less) than that for n-Cl7. The cold surface temperature (3 to
4 C), Llight winds ¢! to 3 mss), and the relatively thick (ca. 6 mm) form of
the pancakes should tend to slow evaporation rates relative to warm water
spitls, thus suggesting losses of only the lightest compounds. This was not
the case, however, as Figures 5-5 and 5-6 Indlcate. [In fact, n-alkanes with
pbolling points. of up to 388 C (n-ci?: toiling point = 383 C) showed measurable

Losses after 2 weeks of weathering (Flgure 5-7).

The small amounts of resolved components in the gas chromatograms of the
f2 fractions of the spilled oil samples made ERCO°s guantification of
individual cocmponents difficult by GC-MS. and mass chromatograms were
reconstructed to guantify individual compounds. Absolute concentrations were

calculated by normalization to an internal standard.

Five aromatic isomeric groups af compounds., methyl naphthalenes (M/E
142), dimethyl naphthaltenes (M-E 132), phenanthrenes (M/E 178). methyl
phenanthrenes (M7E 192), and dimethyl phenanthrenes (M/E 286) were guantifled
in the Bunker-C fuel and 4n the spilled oil samples collected on August 17 and
19. The results are shown in Figures 5-8, 5-3, and 5-18 and In Tabte 5-2.
The August 18 surface sample (Figure 5-8) s depleted in methyl naphthalenes
and dimethyl naphthalenes. as one would expect fram the known relatively high
vapar pressure and solubility of these compounds. Absolute concentrations of
phenanthrenes and methyl phenanthrenes in the oil stick samples appearesd to
increase slightly with time. The evaporation zand dissolution losses of the
lower boiling compounds probably accounts for the apparent increase in the

methyl phenanthrenes.
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Figure 5-7. Selected gas chromatograms from surface oil samples analyzed by Water Quality Imstitute.
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Table 5-2. Concentrations of naphthalenes and phenanthrenes

in selected oil samples analyzed by ERCO.

Concentrations (pg/mg oil)

M/E Compound group

Reference August 18 August 19
fuel slick sample bongo sample

(01-32) (01-23) (01-30)

142 Methyl naphthalenes 1.7 0.5 0.0

156 Dimethyl naphthalcnes 6.1 3.2 0.9

178 Phenanthrenes 1.7 1.7 1.7

192 Methyl phenanthrenes 3.3 3.8 3.8

206 Dimethyl phenanthrenes 3.5 5.6 4.9

* Concentrations reflect the sum of all isomers of the compound group.

U
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Figure 5-8. GC/MS total ionization current for the Bunker-C fuel,
f2 (aromatic) fraction. Labels refer to alkyl-napthalencs
(N) and phenanthrenes (P).
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Figure 5-9. GC/MS total ionization current for the August 18 surface sample,
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Figure 5-10. GC/MS total icnization current for the August 19 subsurface

sample, £2 (aromatic) fraction.

The bongo net sample of oil (Figure S-10), collected on August 18 during

2 biological tow, shows <imiliar but more 2xtensiive

logs of the methyl and

dimethyl phenanthrenes. The n-alkane ratios fram the fl1 fraction gas
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oo togram for thiz sample are similiar to those of the August 1B zurface
sample. Thus., the more extensive lLoss af the substituted naphthalenes in this
z=mpte is not explainad by evaporation alone. Boehm and Felst suggest that,
onee hroken Into smsller particles and dispersed into the water column, the
spilled oll westhered more rapidly than surface oil. primarily cue to
dissolution of the aromatic compounds.
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Tlgure 5~11. Ratic of n~Cjy7/pristane for the surface oil samples.
(*) sample from October 1 --56 days after the spill.

Lecause microbial degradation of oil results in a depletion of n-alkanes
relative to branched alkanes (Zobell, 196%9), the ratios of n-Ci?/pristane and
n-C18/plriJtane zan be used to monitor biochemical degradation processes (BLumer
and a3, 1972)., The n-Cl?-pristane ratio for the spitled oil samples shows
gstatistically significant fluctuations but does not show a consistent trend

iith time. The Danish SCOT column data show the2 same consictancy over almost



2 mcntns. Both sets of data are shown in Figure 5-11, If biochemlcal
degradation of the zpilled oil was extensive, the n-Cl7/pristane ratioc would
show o signiiicant deciren:e with time. The absence of microbial degradation
of the oil cver seuveral ws2elks after the spill is consistent with slow initiat
microbial activity b..causze of the low wmter temperature and also because of
the zmall surface areasvolume ratio of the oil pancakes. Both of these
factors inhibit large-scale microblal degradation. It is difficult to say how
Long the October 1 sample was actually exposed to a potentially degrading
environment, as we do not know the precise clrcumstances of its collection.
Suffice it to say. though. that no microbial degradation took place for the
first 2 weeks after the spill, and it is probable that none took place for the
initial 4 to 8 weeks. Further discussion of microbial biodegradation is

contained in Chapter- 8.
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Synchronus fluorescence scan of POTOMAC fuel by ERCO.
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Table 5-3. Concentrations of two-, three-, four—, and five-ring arcmatic com-
pounds in selected spilled oil samples

Sample Concentration Relative peak height *
(ug/ml) 307 -nm 365-nm 405-nm
(2~ring) (3~ and 4- ring) ( >5=ring)
Bunker C fuel 2 8 102 100 83
10 August 3.9 98 100 83
12 August 3.3 102 100 82
15 August 3;2 107 100 78
18 August 3.5 105 100 77
20 August 3.@ 114 100 76

* The analysis was done by measuring peak height maxima on a synchronous
fluorescence scan from 250~ to 500-nm emission with excitation at a wave-
length 25 nm shorter,

60 o 3070m (2 RING)
X 3850m (3,4 AING)
O 405nm (>5 RING)
50
w L
£
o
¥
E 30
o
20 b
10
o | i 1 1
0.0 1.0 2.0 3.0 4.0

CONCENTRATION (ug/mil)

Figure 5-13. Relationship between peak height and Bunker—C Luci
concentration for synchronous fluorescence scons.



5.2.3 Spectrofluorometry, NORAR Samples

Unfractionated spilled oil samples were dissolyved 'in cyclohexane (2 to 28
pg/ml) and characterized by emission and syunchronous fluorescence scans by
ERCO as described earlier. As thz spilled oil weathered, the emission scans
showed a slight enhancement of the concentration of aromatics fluorescing at
wavelengths shorter than the maximum emission and a diminuation of those
fluorescing at longer wavelengths. This trend is consistent with weathering
patterns observed by U.S. Coast Guard inuvestigators In oils with an emissan
maximum between 248 nm and 4868 nm (Eastwood., 18977). The sunchronous scans
(Figure 5-12) are considerably more detailed guantitatively thus providing
moire chemical information than single wavelength emission scans. One can
theoretically discriminate between one-, two-. three-, four-, and five-ring
aromatic compounds based on discrete fluorescence bands for each compound type
(Lloyd. 15971). sSynchronous ¥¢luorescence bands are 288 to 298 nm for benzenes.
218 to 338 nm for naphthalenes, 348 to 388 nm for thnree- and four-ring
compounds. and >485 nm for TFTive-ring compounds. The relation betuween peak
height and the Bunker-C oil concentration is Linear for the peaks
corresponding to two-, three-, four-, and filve-ring aromatic compounds over 3

concentration range of 8 to 4.8 pgsml of oil (Figure 5-13).

The relative concentirations of three- and four-ring compounds and
flive-ring compounds appeared to decrease about 18 and 28 percent faster.
respectively. than two-ring compounds over a period of 2 weeks (Table 5-3), a
result which appears anomalous. This trend contradicts the observations by
GC/MS (Table 5-2) and Unilvarsitu of Gothenburg vluorescence analyses (Table
5-4) that two-ring aromatics (naphthalenas) decrease at a greater rate than
three-, four-, and five-ring aromatics. In light of the observation that no
biological cegradation took place during the same time period (Figure 5-11).
these synchronous scan fluorescence results cannot be explained away as being
due to the formation and dissolution aof polar-substituted three-, four-, and
five-ring aromatics. Hence the guantitative aspects of sunchronous scan

fluorescence analyses must be considered suspect.
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5.2.4 Spectrofluorometry and Mass Fragmentography of Danish Samples

Oil samples and surface water samples. found to contain oll in amounts
indicating the presence of particles or films. were characterized by
spectrofluorometry and mass fragmentography. Fluorescence intensities at the
three wavelength combinations. 238,348 mn, 278,368 nm. and 318,468 nm, were
compared with the reference oll. Complete adgreement would yield retatlive
intensities of 1.8, 1.B, and 1.8 respectively. The results are shown Iin Table

S-4.

Table 5-4, Characterization by spectrofluorometry of surface samples
analyzed by the University of Gothenburg.

Sample Relative intensities*

230/340 270/360 310/400
Bunker C fuel 1.0 1.0 1.0
10 August 0.92 0.99 1.0
13 August 0.87 0.96 1.0
14 August 0.75 0.99 1.0
18 August 0.83 1.0 0.99
20 August** 0.74 1.0 0.96

* Intensities are given relative to the Bunker C fuel and are normal-
ized so that the highest value of the three is set to unity.

**% See also Figure 5~14,

A typical set of spectra is shown in Figure 5-14. While intensifties at
the longer wavelengths stayed almost constant during the 15 days of
weathering., a gradual decrease douwn tg about B.75 retative intensity is seen
at the shortest wavelength combination of 238.248 nm. This Is interpreted as
2 loss af the low mclechlar welght components and 1s 1in accord with the more
specific mass fragmentographic analuses carried out on the reference fusl 3nd
one surface oil sample collected on August 18. Ten aromatic isomeric graups
of compounds were quantitated. The concentrations found in the two analuzed
samples are listed in Table 5-5. A comparison of these two samples is shown
graphically in Figure 5-15. It 1s seen that., while the concentrations of
dimethul naphthalenes (M-E 156) and lower compounds have decreased, the

concentrations of all other groups lie wery near those in the Bunker-C fuel.
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Figure 5-14. Excitation and emission spectra of a surface oil sample
collected at Station 5473 on August 20 generated by
University of Gothenburg. Intensities at 230/340 nm, 270/360 nm
and 310/400 nm were used for qualitative comparison of the
different samples.

A good fit between 3 spill sample and 3 reference oit can he taken as a
strong indication of the origin of the spilled oll as has been shouwn by

Grahl-Nielsen (1978) in connection wlth another spill incident.
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Table 5-5. Concentrations of naphthalenes, phenanthrenes, and
dibenzothiophenes in two o0il samples analyzed by the

University of Gothenburg.

Concentrations (pg/mg oil)

M/E Gompaiiiid: group Reference August 10
fuel slick sample *
128 Naphthalene 0.44 0.085
142 Methyl naphthalenes 0.90 0.20
156 Dimethyl naphthalenes 2.90 0.90
170 Trimethyl naphthalenes 1.30 1.25
178 Phenanthrene 0.28 0.25
184 Methyl phenanthrenes 0.:51 0.48
192 Dimethyl phenanthrenes 0.80 0.80
198 Dibenzothiophene 0.20 0.21
206 Methyl dibenzothiophenes 0.55 0.50
212 Dimethyl dibenzothiophenes 0.65 0.60
Total ** 8.09 5.19
Z 0.81 0.52

* Concentrations are not corrected for a few percent of water present
in this sample

*%* Naphthalene excluded

9.2.35 Asphaltenes

Asphaltenes were measured gravimetrically as the hexane-insoluble
fraction of the oil by ERCO. In contrast to shipbnard astimates aof
asphaltenes made by the SOR Team. the (aboratory data show no consisrent
changes over time. A slight decrease in the percentag2 of asphaltenes from 1S
to 13.9 percent after 7 days followed by a gradual increase to 15.5 percant
after 16 days were noted (Filgure S-15). No major changes in the asphaltene
content are suggested by the data. Asphaltenes would not he expected to
separate out by gravity settling since their density is approximately 1.8 and
thelr surface activity tends to keep them dispersed (n the ail (Miigram
1977).
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Figure 5-15. Comparison of concentrations of selected aromatic hydrocarbons
in the surface o0il sample collected August 10 with the POTOMAC
Bunker-C fuel. Horizontal axis is molecular weight. Vertical
axis is the ratio of the sample to the Bunker—~C fuel in percent.
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Figure 5-16. Change in asphaltene content of surface oil
samples as a function of time.
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5.3 Summary Fo, Weathering Of Surface Oil

Gas chromatography., mass spectrometry. and spectroflucrometry have been
used to fingerprint and to {nvestigate chemical changes in the spilled oil
samples. Both gas chromatography and spectroflucrometry confirmed that all of

the samples consisted of oil carried by the POTOMAC.

The primary weathering mechanisms for the first 2 weeks are evaporation
and dissolution. N-alkanes with boiling points less than that of n-Ci7. and
substituted naphthalenes. are dEpLEtEd by SB to 1P@ percent after 15 daus cof
weathering. Dissolution may play a significant role in weathering once the
oil is dispersed in the water column: a subsurface sample collected from a
bongo net contained significantly smaller amounts of methyt and dimethul
naphthalenes than did 3 surface slick sample collected at aproximately the
same time that contained similar amounts of n-alkanes with boiling points

similar to those aof the alkyl naphthalenes,

The synchronous scan fluorescence data on the NOAR samples failed to
corroberate the GC/MS and single wavelength fluorescence data and hence the

quantitative aspects of this analysis method must be considered suspect.

Microbial degradation of the oil appears to proceed slowly, if at-all.
since the n-Cl?7/pristane ratio varied only slightly with time. There seems tuJ
have been na signiricant change in the asphaltene content or the oll samples
15 days after the spill. Asphaltenes did not appear to have keen
preferentially settling from the spillad oil. The tar flakes observed to be
settting in the water column may have been "sloughing off" of the highly
weathered "skin" that is known to form at the alr-oil interface aof thick

lenses of oil (pancakes).



6.8 MICROBIOLOGICAL STUDIES

Sterile water samples were collected by the Danish team and sent to the
Water Quality Institute where microbiological studies were undertaken to
determine the presence of oil degrading microorganisms at the spill site and
their effect on the spilted Buniker-C fuel. Three studies were completed. The
first was to determine which microorganisms were present {n the area and
whether thelr abundance was increased by the spilled oil. The second study
was to -d=termire the rate of degradation of oll by the natural culture found
at the site while the third was to study the rate of degradation Tor each
component of the natural culture,

6.1 Counting And Identification Of Microorganisms

Surface water samples cotlecteq in the spill area o2n August 14 and 21
were used as the basis of this study. The sampling procedure 1s descrlibed In
Chapter 3. While it was realized that the lLag time for growth of cil
degrading microorgantsms would not be completed during the l-week i(nterval., an
attempt was made to determine whether or not the natural populations were
enhanced hy the spilled oil. Five difrferent counting technigues were used to
measure the abundance of microorganisms and several tests were performed on

geach sample to isplate and identify the oiit degrading microorganisms.
6.1.1 Anatytical Procedures

6.1.1,1 Total Count on Agar Plates

Total counts were measured by culturlng the water samples oo marine agar
(Difco Bacto marine agar 2216). The composition of this substrate is given in
the fApgrendix. Sterile physiological sodium chloride solution (9 g Nacl
disolved in 1| L of water) was used for the preparations of the dilutions of
the seswater samples. 1 miL of the diluted samples was transfered to sterile
peti-i dishes: then Lliguld marine agar, cooled to 45 C, was added to each dish
ane incubated for 7 days at 28 C.
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6.1.1.2 ¥east and Fungi on Agar Plates

counts of ueast and Tungi were performed using marine agar as the substrate.
Bacteria were inhibited by the 3ddition of Streptomycine and Tetracucline
(hoth at egqual concentrations or 58 ugsml) and the pH was adjusted to 5.8.
The substrate and incubation were identical to that used for the Total Count

descr ibed above.

6.1.1.3 0Oil Degrading Bacteria on Agar Plates

Counts of oil degrading bacteria were measursd on Colwell’s MPN-medium
solidified by the addition of 1.5 percent agar. Colwell’s medium was modified
by reducticn of the amount of MgSO4,7H20 to avoid precipitation of phosphate.
The composition of the actual substrate used is contained in the Appendix.
Shell Vitrea oil 27 was used as the single carbon source for these cultures
(8.5 percent on a volumetric basis 3. Shell Vitrea oil 27 is free from
detergents and has a composition of 78 percent alkanes, 24 percent
cycloalkanes, and 6 percent aromatics. A speclal technique as described by
Baruah et al. (1967) was used to insure that the oil was homogeneously
incorporated into the substrate. Thls technigue called for dissolving 5 g of
the oil in 15 ml of ethyl ether and then carefully mixing with S g of silica
(Cab-0-Sil) in 3 morter. The ether was then evaporated in a rotary evaporator
and the remzaining powder (sitlca and oil) was easily distributed homogenecously
on the substrate. Fungi{zone (at the rate of 18 pg-ml) was added to suppress
yeast and fungl growth. Base agar (without the o0il) was produced and used as
control. Both oiled and unolled plates were {ncubated at 28 C and counted
after 14 and 28 days.

6.1.1.4 OilL Degrading Yeast and Fung! on Agar Plates

Counts of oil degrading yeast zand Tungl were made using the same substrate as
for bacteria described abouve except that streptomycine and tetracycline (S8
pgsmL each) were added to inhibit the bacterla and the pH was adjusted to 5.8.
As with the bacteria counts, Shell Vitrea otl 27 was added 3s the single
sogurce (B.5 percent by wvolume) and incubation was 3t 28 C. Counts were made

after 14 and 28 dauys.



5.1,1.5 01t Degrading Microorganisms by Most Probable Numbers

Counts of 01l degrading microorganisms by Most Probable Numbers (MPN method?
were made using two mediums. The two mediums are described by Buntch and
Harland (1976) and Mills, Brezil., and Colwell (1978) and are contained in the
Appendix. The amount of MgS04,H20 [n Colwell’s medium was reduced as
mzntioned earlier. Portions of these mediums (5 ml) were distributed into
screw cap tubes. After sterilization, S8 ul of oil (Shell Vitrea oil 27) or
paraffing were added to each tube. The substrates were tested by the
following petroleum degrading microordanisms: Nocardia. Pseudomonas.
Arthrobacter. Streptomuyces. Graphilum, Pentamyces. and Candida. Both were

found to be suitable for MPN investigations. Of the two. the Colwell medium
was praeferred. In all the MPN inuestigations., triplicate tubes were placed in
g rotary shaker at 188 rpm during incubation at 15 C. The tubes were read

weekly for six weeks.
6.1.2 Identification of Isolated Oil Degrading Bacteria

Quatitative examinations of the i{solated bacterla were carried out for
identification using the following tests: Haemolusis, pigmentation. cytochrome
oxudase, catalase, tween 28, twesn 8A. gelatine., OsF test. Simmon’s cltrate,
motilifty (S.I.M.), indole (S.I.M.), H25 (5.1.M.>, 1 percent tryptane. 1
percent truptone with 4 percent NaCl, 1 percent tryptone with 7 percent Nacl,
V.P. broth, arginine, lysine, urea. nitrate., arabinose, celloblose, Llactossa.
sucrose, glucerol. starch, xylose, chitin, wveal infusion broth with 1 percent
Nacl at § C, 18 C, 15 C, and 38 C, antibiotica test (ptevidine), and gram
staining. ALL the reactions were read daily over a period of 1 to 7 days.

Uniess stated above., all the incubation temperatures were at 28 C.

6.1.3 Results

The results from the microblological examinations are presented in Table
6-1 for all flve counting methods. In all cases and for all samples the

observed counts are small. The concentrations of oil degrading microorganisms

estimated by the MPN method are tess than 1588 per Liter., which corresponds to.

less than | percent of the total count.

As indicated by the values from Station 5474, the total count as well as

the rumbers of o0il degrading bacteriz do not appear to be a function of depth.



Table 6-1, Results of enumerations from microbiological examinations of water

samples.
Number of Number of Number of Numbe
Station Depth Date Total oil oil oil bacte
of degrading degrading degrading on b
collec~  count micro— bacteria yeast and aga
tion organisms on agar fungi on plat
(MPN-method)  plates agar plates
no. m day/mo, per ml per liter per liter per liter per 1
5462 0.0 14/8 50 < 300 < 5 < 5 <
5462 0.0 14/8 2 < 300 < 5 < 5 <
5466 17/8 560 700 85 *k
5468 0.1 18/8 5 < 300 30 < 5
5474 0.0 21/8 4 < 300 < 5 < 5 <
5474 0.2 21/8 2200 < 300 < 5 < 5
S474 1 21/8 370 700 10 < 5
5474 3 21/8 3700 < 300 5 < 5
5474 5 21/8 240 < 300 & 5 10 <
5474 10 21/8 10 1500 < 5 5
5474 30 21/8 2300 1500 205 15 3
5475 0.0 21/8 14 400 30 k&

* Water surface with visible layer of oil

** No

examination

The number of oil degrading bacteria on oiled agar plates was the same
order of magnitude as the number of bacteria on the unoiled plates. This
result corresponds to other studies conducted on water samples collected fro

Greenland waters and indicates that the MPN method must be preferred to the

agar plate method.



An increase In either the total count or the number was not found i{n the
samples taken on August 21 relative to the values from the samples taken an
August 14. This indicated that the spilled oil was probabiy not significantly
biodegraded. This result confirms the findings from the gas chromatography

performed on the surface oil samples (Chapter 5.2.2).

The results aof the identification tests for all the pacteria isolated are
presented in Table 6-2. Tentative identification of the isolated strains are
as follouws:

1-Strain 888 seems to be the genus Pseudomanas.

2-Strains 881, and 881, seem to be Entero bactericae. but are untupical
in the catalase test.

3-Stralns 8@2. BB3., and 8B4 seem t0o be the genus Corynebacterium
according to tentative investigations performed by Dr. R.R. Colwetl,
The reactions indicate that these strains all could be indentified as
the species Carunepacterium Pseudqdiphtheriae.

4-Straln 812 does not seem to it into any kKnown taxonomical group.

5-Strain 8123 could not be placed ln a taxonomical group based on the
tests conducted.

It should be emphasized that none of the i(solated strains could be identified

as either flsh or human pathogenic bacteria.

6.2 Degradation Rates By Natural Cultures Of Microorganisms

Three experiments were performed to determine the rate orf degradation of
oil by the natural cultures of microorganisms found in the Melvilie Bay area.
The experiments were started on August 27, 1977 using seawater sampled
sterilely at Station 54735 cﬁllected on ARugust 21 and a surface oll sample
collected on August 18. The first experiment was intended to determine the
rate of oil degradatlion using the samples as collected. The second was a
control experiment measuring the change of the oil in the absence of
microbiological activity (control). The third experiment was to determine the
rate of degradation of the samples with the addition of nutrients.

6.2.1 Procedures

For all the experiments. 58 ml of the water sample was mixed with 8.258 g
of opil In & conical flask. To prevent biological activity for the second
experiment, 8.25 percent formaldehyde. by volume, was added. For the third
experiment ! g-L aof K2HPO4 and 2 g-L NH4NO3 were added as nutrients. Multiple
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Table 6-2, Blochemical examinations of strains isolated from substrates using
01l as the single carbon source. All reactions read within 7 days.
Strain No.
Tests 800 8001 8012 802 803 804 812 812s
Haemolysis + - - - - + - -
Pigmentation - - - - - . - -
Cytochrome oxydase + + - - - - - (+)
Catalase -+ = = - *; + = +
Tween 20 + - + + + + - +
Tween 80 + - + + + + - +
Gelatine + - - - - - - -
0/F test 0x F F gl- gl- gl- gl- gl-_
Simmon's citrate = = - - - - + +
Motility (SIM) - - - - - - - B
Indol (SIM) o - - - - - - -
H,S (SIM) o ” - or = - - =
14 tryptone + + + + + + - +
1% tryptone + 47 WACL +) (+) + + + + + +
1% tryptone + 7% NACL +) +) (+) (+) +) +) + (+)
V.P, = - = v M M M -
Arginine - = =~ - - = - =
Lysine = - = = = = = o
Urea + + + + + + = =
NO- M + + + + + M +
Arabinose M - - M M M M M
Cellobiose M - - M M M M M
Lactose M (+) + M M M M M
Sucrose |51 - - M M M M M
Glycerol = - -~ ~ - s - -
Starch M ~ = M M M M M
Xylose =~ = - - 0 = = =
Chitin - o - - a2 & = -
Veal infusion broth (+) - - +) +) + - (+)
+ 1% NACL at 5°C
Veal infusion broth - +) +) +) +) (+) +) -
+ 1% NACL at 10°C
Veal infusion broth + (+) (+) (+) (+) ) + ++)
+ 1% NACL at 15°C
Veal infusion broth + + + + + + + +
+ 1% NACL at 30°C
Antibiotica test - - + + + + -+ +)
(Pteredine)
Gram g g~ g~ grt grt g grt
rod rod rod rod rod rod rod rod
M = test not carried out Ox = oxidative degradation F = fermentative
gl = glucose negative (+) = weak reaction



¥ lasks were prepared for each experiment: these were maintalned at 15 C and
carefully shaken (180 rpm) for the B-week duration of the experiment. At
weekly intervals chemical and microbiological examinations were performed on

one of the flasks for each experiment.

For the chemical examinations, the total mixture of oil and water from
one flask was extracted three times with CClL4. The combined extract was
diluted to 25 ml with CCl4. A few microliters were then injected itnto a gas
chromautographic coluwmn. The gas chromotography was performed using a SCOT

column as described in Chapter 7.2.1.2.

The microbiological examination were performed by the MPM method as

described in Chapter 6.1.1.
6.2.2 Results

The results from the gas chromatographic analuses on the SCOT column are
presented in Table 6-3. The relative amounts of n-Cl7-pristane and
n-ClB~ phytane were determined and are shown In these tables. As previously
mentioned, the n-alkanes such as Cl!7 and C18 are degraded faster than pristane
and phutane and thus thelr ratios can be used as indicators of biodegradation.

Some of the chromatograms are included as Figures 6-1 to €-3.

Table 6-3. Relative amounts of n-—Cl.}z'pristane. and n—ClB;’phytane

determined by GC analyses of natural cultures.

(1) (2)

Experiment IT Experiment III

(3)

Date Incubation Experiment I

time ; '
1977 — 017/Pri clnghy 017/Pr1 ClB/Phy Cl?IPri ClB/Phy

Sepi i4 2% 1.45 1.78 1.27 1.77 0.62 0.85

Sept 27 ¥ 1.28 212 - - - -
£= ¢ 28 425 1.33 1.85 1.39 1.80 0.41 0.49
Nt 5 5% 1.39 1.72 - - - -
Oct 12 nls 1.45 1.74 - - - -
Oct 26 85 1.29 1.67 1.36. 1.76 0.14 0.29
(1) = Water and oil

(2) == ¥ater, oil, and fomeidehide (control)

(3) = Water, oil, and nutrients
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8 wzeks

Figure 6-1. Gas chromatograms of oil degraded by natural culture=.

From Table 6-3 it is seen that the n-Ci7/pristane znd n~-CiS8. phutane
ratios do not indicate degradation of tiha nil far the flrst cwo sxperinonts
where oil and water and then oil., water, and formaldehyde were cultured. In
contrast, the third experiment with oll, water. and nutrients show a
remarkable degradation of the oil after 2.5 weeks. Th= oil dzogradatich

continued during the incubation period.

The results of the microbiological 2xamination zr: presopnted in Teble
B=-4d, These results also indicate a much faster prop=gation of ©the cil

degrading microorganisme in the expariments with the added nuirlents. The



? weeks

Gas chromatograms from the second oil degradation

Figure 6-2.
experiment (control).

first experiment indicates that the propagation of oil degrading

microorganisms without added nutrients is a very slow process.
propagation rates in the Melville Bay area where the spill occurred would have

The

been even slower as the ambient temperature there was about 4 C rather than

the 1S C used in the experiments.
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Figure 6-3. Gas chromatograms from the third oil degradation
experiment which had nutrients added.




Table 6-4. Growth of natural seawater cultures as a function of time.

Incubation Experiment I (1) Experiment IT (2) Experiment III (3)

time

(iieeks) A B A B A B
1 155800 - = = 14,800 -
2 720,000 300 - <300 4.5x106 460,000
3 4.1x106 900 120,000 3,800 17.x106 2.lx106
4 19.x106 110,000 1.2x106 24,000 21.x106 2.4x106
6 22.x10° 460,000  6.3x10° 46,000  24.x10°  24.x10°
8 25.7:106 9.3x106 8.8x106 210,000 26.):106 l.lxlO9

A = Total count per ml

[==]
(]

011 degrading microorganisms per liter (MPN method)

(1) = Water and oil
(2) Water, oil, and formaldehyde (control)
(3) Water, oil, and nutrients

Il

6.3 Degradation Of 0Oil By Isolated Monocul tures

€.2.1 Procedure

AlLL the oil degrading strains isolated from the natural cultures (Table
6-2) were tested for the ability to degrade the following mixtures of
hudrocarbons:
i1-Mixture of cuclopentane, cyclohexane., and cycloheptane (cycloalkanes?
2-Mixture of benzene. naphthalene. and phenanthrene (aromatics)
3-Paraffins (alkanes)

4-Shell Vitrea oil 27 (alkanes. cucloalkanes, and aromatics)

These investipgations were carried out in screwcap tubes. The Colwell medium
with reduced MgS04,7H20 content was used as the medium with a | percent
hydrocarbon concentration (58 pl hydrocarbon with 5 mlL of medium In each
tube). The tubes were placed in a rotary shaker (188 rpm) during the
incubations at 5. 18, and 15 C. The reactions were followed weekly for 6

weeks.
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Table 6-5. Growth of isolated oil degrading strains in various petroleum
hydrocarbon mixtures as functions of time and temperature. Times are in weeks.

Bacterial

—— 5°C 10°C 15°¢C

2 3 6 2 3 6 2 3 6

800 - - - - - - -
801 - - - - - - -
801% - - - - ~ - -
802 o - X - X X X
803 - ~ - - - - X*
804 o - = - o - X*
812 . X X ~ X X -
812a - - = - - . - ~

<
b

bobd a4
o = o pd |

800 - - - - - - - - -
801, - - - - - - - - -
8017 - - - = -
802 - - - - -
803 - - - - -
804 - - - = -
812 - - - - -
812a = - = = =

1+ + 1
I
1
|

800 - - - - E - - - -
801, - = - - - - - - B
801, - = - - - - - - -
802 = = - - - - - - -
803 = = - - - - - - -
804 = = = - = - = s =
812 - - - - - - - - -
812a - - - - - - - - -

SHELL VITREA OIL 27 (ALKANES + CYCLOALKANES + AROMATICS)
800 - - B ~ -
801, = = = - -
801, - - ~ - -
802 = ~ = - -
803 = - - - -
804 - - - - -
812 = - = -

812a ~ - - - -

X
X*
X*
X

b1+

>
- o L
-

= no growth

doubtful growth

visual growth

visual growth after 1 week

1}

RO



6.3.2 Results

Results of the studies on monocultures are presented In Table 6-5 ror

each hydrocarbon mixturea.

Strains 882. 883, and 884 appear to be very active oll degrading strains.
especially in the biodegradation of paraffins and Shell Vitrez oil 27. After
only | week at 15 C. these strains grow in mediums with oll as single carbon

source.

Onlu two strains, 882 and 812, degraded all (pararrins) at S C arter 6

weeks.

In most cases the lag phase at low temperatures seems to be more than 6
weeks for the monocul tures and depends on the species and composition of oil.,
However. in the natural environment the Lag phase could be quite different
from that determined from the monocultures in the laboratory. because the
toxic constituents normally produced could be removed from the oil-swater

interface at the sea.

6.4 Sunmary Of Blodegradation Studies

The number of microorganisms found in Melville Bay water was small, and
il degrading microorganisms constituted less than 1 percent of the total
amount. Eight different microblal strains were lsolated in the water samples
using oil as the onlu carbon source. No increase In total numbher of the ofil
degrading microorganisms was found in samples collected 16 days after spiti as

compared with samples collected 8 days arter the spill.

ALl the microbiological examinations show that in situ bicdegradation
would have heen wvery slow. The results from the degradation studles with
seawater and oll show that, unless nutrients are added. oil degradation is a
very slow pracess. The gas chromatographic analyses did not i{ndicate oil
degradation during an 8 week period., and the microbiological snaluses showed a3
slow propagation of oll degrading microorganisms during the same period. This
seems to indicate a lag period of more than 8 weeks and., consequently, a slow

degradatlion process.



The addition of nutrients to the oil and water increased the oil
degradation strongly. Both the gas chromatography and the microbiological
analyses show that. after 1 to 2 weeks, a high oil degrading activity was

already present. In this case, the lag period was found to be less than 2

weeks.

The results from monocul ture experiments showed that only two strains,

882 and 812, would degrade pararfins at 5 C artar 6 weesks incubation.



7.8 ACCOMMODATION OF OIL INTO THE WATER COLUMN

Subsur face water samples were collected after the POTOMAC spill to
determine the amount and composition of oil accommodated into the water
column. These water samples were collected by both the Danish and NOARA teams.
the former using a-brown bottle in a stainless steel frame that was opened via
a messenger puncturing a Teflon seal. and the latter using a General Oceanics
Inc. "Sterile Bag" sampler. Analyses of the samples were carried out using
Uk-f luorescence spectrometry (UV), gas chromatography (GC). and gas
chromatography-mass spectrometry (GCsMS). by Ahnoff and Eklund (19278) for the
Danish samples and by ERCO (Boehm and Feist. 1978) for the NORA samples.

7.1 Sampling Procedures

7.1.1 The Danish Samples

The Danish water samples were acquired with a noncommercial sampler.
This device was actually constructed and supplied by M. ARhnorff and G. EKlund
of the Department of Analytical Chemistry. Untversity of Gothenburg. Sweden
(Rhnoff et al., 1974). The sampler consisted of a 1-LlLiter. wide-neck brown
bottle held in a stainless steel frame. The bottle was sealed with a Teflon
sheet placed under the screwcap. After lowering the sampler to the desired
‘depth. a messenger was used to operate a mechanism which punched a hole in the
Teflon sheet through a hote in the screwcap. The sampler was retrieved
without reclosing the opening. Prior to the cruise, all sampling bottles were
washed with tap water., distilled acetone. and purified n-hexane until the
hexane showed no traces of contamination using uv-spectrofluorometry. During
the cruise in Melville Bay, bottles were rinsed with purified n-hexane between
samplings. but there was no opportunity to control the bottles. Throughout
the sampling program. duplicate samples were taken on separate lowerings for

separate analysis.

The samples were extracted in the sampling bottle by adding 18 mlL of
n—hexane and a magnetic stirring bar. stirring for 45 minutes. and then
transferring 2 to 4 mlL of the organic phase to test tubes sealed with Teflon

lLined screwcaps. ALl the test tubes had been quality controlted by

7=1
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spectroflurometry prior to use. Sample extracts acquired from Station 5471
and subsequent stations were stored in glass vials supplied by NOAR. Thnese

samples were used for analyses by UV-spectrofluorometry only.

7.1.2 The NOAA Samples

The NOAA team used a commercial sampler made by General Oceanics. Inc.
of Miami Florida. This sampler. called a "Sterile Bag Sampler". consists of a
pailr of hinged metal plates that. when triggered by a messenger. open a
sterile polyethylene bag. The bags are used only once and, after being opened
at depth, are resealed after filling. When filled and resealed. the bags

contain between B.8 and 2 Liters of water. averaging about 1.5 liters.

Each water sample was taken as a "double replicate", in that each depth
was sampled twice (on separate lowerings) and two S88 mi aliquots were taken
from each bag. Each aliguot was extracted in a separatory funnel with 18 ml
of UlV-spectroquality hexane. HNo filtration of the samples was attempted

before extraction.

The extracts were stored in prerinsed glass vials sealed with aluminum
foil and screwcaps. Considerable difficulty was experlienced because of the
closures on the NOAA samples. For those samples which were not sealé&d
tightly. the extract suffered from elither spillage or evaporation causing the
loss of some sémptes. Other vlials which had been sealed too tightly suffered
from contamination when the aluminum foil tore and allowed the soluvent to
extract the waxes In the normal cap liner. Because of the difficulties
exper ienced. the NOARA team recommends that no substitutes for Teflon cap

liners be used for any extract containers In the future.

Subeequent laboratory experiments (Boehm and Feist, 1978a) indicated that
the polyethulene bags adsorb oil from the water sample and leach plastisizers
into the sample. Indications are that the bags are inappropriate for ater
samples with oil concentrations Lless than 188 ppb or when the sample {s held

in the bag for much more than 15 minutes.



7.2 Analutical Meathods

The water samples collected in Melvilla Bay were analyzed by
UV=-gpectrofluorometry (UV), gas chromatography (GC), and gas chromatography

mass spectrometry (GCMS).
7.2.1 Danish Samples

According to Ahnoff and Eklund (1979), the reasons for choosing the UV
technique for determination of petroleum hydrocarbons are that 1) the
sensitivity is sufricient for measuring very low concentrations, down to
"matural" background levels and 2) the technique (s fast so that all samples

can be analuyzed within a few days after their arrival at the Llaboratory.

GC/MS. using 3 glass capillary column, was employed for the following
reasons: |) the high selectivity of the technigue permits an unambiguous
determination of single petroleum hydrocarbons; 2) the instrumental sesitlvity
is sufficient to measure concentrations down to "natural® background lewvels:
and 3) compounds to be measured can be selected. By measuring aromatic
hudrocarbons., high selectivity can be obtatned relative to bliogenic

hudrocarbons found naturally in water.

The procedures had been designed to be as simple as possible to obtaln
low contamination of the samples. For example., the number of transfers of the
sample between different vials was kept at a minimum. to minimize exposure to
surfaces and atmospheres that could cause contaminatlon. Glasswars and
soluvents uwere checked befoire use by Ul-specroflucrometric measurements on

blanks.

7.2.1.1 UP-Spectrofluorometry

Qil fluoresces when exposed to U-Llight. Fluorescence i{s the emission aof
Light by previously excited electrons. Tluorescence In petroleum is dominated
by aromatic molecules and is extremely complex because of the oil’s

complexity.

A complete characterization of an oil by spectroflucrometry would include
registration of fluorescence intensities at a Llardge number af
excitation emission-wavelength comcinations and calculation of a three
dimensional map of carrected fluorescence intensities. Such a procedure

yields more informztion than is necessary when the object iz to screen levels
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of oil in a large number of samples. It Is time-consuming., reguires special

equipment., and cannot be emploued on samples contalning oil in trace amounts.

On the other hand. a procedure consisting of measuring the fluorescence
intensity at a single excitationsemission combination reduces the information

tevel significantly and makes guantitative evaluation difficult.

R procedure which emplous more than one excitationsemission combination
Is rapid and glves appreciably more information than a single point
measurement. Measurements at 238,348, 278,368, and 318,408 nanometers (nm)
were employed by the Swedish chemists. The gualitative Information obtalned
from this procedure can be used to evaluate each measurement for gquantitative
determinations. The combination of measurements should Indicate whether the
fluorescence characteristics of the sample appear reasonable or if

contamination has occurred.

Intensities at the different wavelength combinations were compared with
corresponding intensities of a standard solution made from the reference oll.
A blank correction was made for the contamination found In the solvent used

for extraction.

7.2.1.2 Gas Chromatography Mass Spectrometry

In thie technique. gtass-capillary gas chromatography 13 used to separate
volatile petroleum hydrocarbons which are then selectively detected with a
mass spectrometer. The technigue is similiar to that descrihed by

Grahl-Nielson (1976) although he employed a quadrupole instrument.

Masses to be monitored were those of naphthalenes. phenanthrenes. and
dibenzothiophenes. These aromatic hydrocarbons have Low enough molecular
weights to be soluble in seawater but sufficiently high molecular weights so
as not to readily evaporate. These compounds are known to be biologically
active, as they are easily absorbed by LIving organisms where they exhibit
toxic and other detrimental efrects. Two milliliter aliduots of hexane
extracts of water samples were concentrated to about S8 pl under a stream of
purified nitrogen. Five nanograms of l-bromonaphthalene were added to each
extract to serve as an internal standard. The background Llevels aof the
selected aromatic hudrocarbons in the n-hexane used for extraction were

determined from 3 18 ml sample concentrated to 58 pl (Table 7-1).
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Table 7-1,~-Background concentrations in Danish water samples due to trace
impurities in the solvent used for extraction.

Coupound nanogram per liter
Naphthalene 1,3
Methyl naphthalenes 1.0
Dimethyl naphthalenes 0.30
Trimethyl naphthalenes 0.15
Phenanthrene Q521
Methyl phenanthrenes 0.24
Dimethyl phenanthrenes 0.20
Dibenzotiophene 0.05
Methyl dibenzotiophenes 0.06
Dimethyl dibenzotiophenes <0.03
Total (naphthalene excluded) 2.3

A combination of a Carlo Erba Fractavap 2181 gas chromatograph and a
Varian MAT (12 mass spectrometer along with a Spectrosystem 18B MS was used.
The gas chromatograph was equipped with a splitless Injector. The extracts
uere znalyzed on 2 48-m by B8.33-mm (inside-diameter) OV-181 glass capillary
column. The following conditions were chosen: injector block at 258 C, the
oven ftemperature programmed from 188 C to 248 C at 4.5 degrees-minute arter an
initial isothermal period of S min at 25 C., and the carrier gas (He) at a Tlow
rate of 2 ml/min 3t amblent temperature. Two mlicrollters of the concentrated
extracts were injected without stream splitting with a splitless period of 68

S.

The amount of the selected zaromatic hydrocarbons was guantitated relative
to 3 standard mixturs containing 8.1 ppm naphthalene. phenanthrena,
dibenzothiophene, and !-bromonhaphthalene. For the quantitation of the
atkylated naphthalenes., phenanthrenes, and dibenzothiophesnes. thes total ion
current per mole was assumed to be the same for these compounds as for their
nonalkylated homologues. From mass speciral data on pure substances., [t wss

Known how large a fraction of the total ion current was made up by the
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measured fragment ion. Thus the amount of each selected aromatic huydrocarbon
was calculated. The sum total of selected aromatics was also calculated. AN
equivalent amount of reference oil was estimated by multipluing these values

by a factor obtained from measurements on reference pil samples. This factor
expresses the ratio between total weight and weight of the selected aromatics
in the reference oil. It must be pointed out that. while the values for the
selected aromatics are true values. the equivalent amount of reference oil is
@ theoretical value that may produce deviations between the total amount of

petroleum hydrocarbons reported and the amount actually present in the water

samples.

The precision in mass spectrometric determination of the selected
aromatic hudrocarbons was determined by injecting the sample from each station
five times and calculating relative standard deviations of the measured
amounts. The precision is highly dependent on the magnitude of the ion
current from the measured lonic species. Since the ion current from the more
branched aromatics i{s distributed between several peaks, the magnitude of ion
current is lower and hence the precision is poorer. The relative standard
deviation is | to 5 percent for naphthalene. methylnaphthalene, and
phenanthrene:; B to 12 percent for dimethylnaphthalene, trimethylnaphthalene,
me thy lphenanthrene. dimethyltphenanthrene. and dibenzothiophene: and 28 percent

for dimethuldibenzothiophene.

The detectabllltg of aromatics in seawater by mass spectrometry is
lLimited by the background levels In the extraction solvent and by
contamination from glassware. The detection Limit is low. about 8.1 picogram
injected or S picograms per Liter of seawater for a single compound. The
overall contamination of samples during sampling and processing could not be
precisely determined. The lowest values of the sum of the selected aromatics

was about 28 ngsl. They are probably close to the detection Limit set by the

procedure used.
7.2.2 HNOAA Samples

ERCO (Boehm and Flest, 1978) perfomed the analuses on the NORA water
samples using procedures similiar to those for the surrace ofl samples. The
details of these procedures are contained in Chapter 5.1 and will not be
repeated here. In summary, the hexane extracts of seawater were dried over

sodium sulfate, weighed., and selectively characterized by silica get-salumina



column chromatography. glass caplllary gas chromatography. =and UV
spectrofluorescence. R block diagram of the procedure is presented as Figure

=l

7.3 Results
7.3.1 The Danish Analyses

7.3.1.1 Quantitative UV-Spectrofluorometry

The spilled o1l contained high amounts of heavy aromatic hydrocarbons giving
rise to fluorescence at long wavelengths. Its fluorescence characteristics
differed significantly from those aof Lighter oils such as dlesel and
lubricating ocils. and also from the pattern found in apparently unpolluted
water. Therefore. fluorescence patterns having characteristics similiar to
the spilled oil could be found in many samples. even though the concentrations
iwere quite Low. The fluorescenhce patterns of the contaminated samples.
including those samples with the hlghest concentrations. deuiated
significantly from that of the.spilled otl. Dissolution and weather ing
processes produce a different composition of the petroleum hydrocarbons in the

water column within a few days of the spill.

Since fluorescence at long wavelengths (318-488 mm) was considered
typical for the spilled oil, .it was used as an indication that the petrolsum
hydrocarbons originated with the spitled oil. Samples which contalned
petroleum hydrocarbons in amnunts above the baselins level, but did not show
the characteristics tupical of the reference oil. were considered not to
contain oil spilled from the POTOMAC. In at Lleast one sample., the
fluorescence spectrum was similiar to the spectrum of the cooling water from

the ADOLF JENSEN.

Of the 76 subsurface samples that were taken, three were Lost and five
were considered as contaminated. These Elght samples that were not anzlyzed
are Listed in Table ?-2. For the corresponding samplling polints. results from
guantitative spectrofluorometric (UV) measurements are based on single

samples. For the other 3B sampling points., duplicate samples were analuzed.
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HEXANE EXTRACT OF
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SULFATE; EVAPORATE
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Figure 7-1

Analytical scheme for hexane extracts of seawater

used by ERCO for NOAA samples.




Table 7-2, List of samples for which results are not reported.

Station Depth Code Cause
5460 10 m 1 a
5461 5 m 8 a
5466 lm 16 a
5468 5m 29 a
5470 lm 39 b
5470 20 m 45 c
5471 20 m 52 a
5477 5 m 71 b

a ; Strong indication of contamination of sample. Comparatively high
levels of o1l with fluorescence characteristics strongly deviating

from those of the spilled oil.
‘b 3 Screwcap on sample vial was not sufficiently tightened.

¢ : Not .delivered

As a rough test for similiarity to the spilled oil. a value of at least

8.5 for the following relative fluorescence intensity (r) was requlred:

r = c316-4680 c278-368

Here, c318-418 and c27B8-360 are fluorescence intensities at the indicated
wavelengths expressed in reference oll equivalents of pg-sL. The results of
these tests are shown in Table 7-3. Quantification was made with the
reference oll from EXXON‘s Aruba reflinery as the standard. ALL values are
mean values from the duplicate samples., except for the sampling points Llisted
in Table 7-2. The results, corrected for interference from the soluvent, are
shown in Table 7-4 expressed as equivalent concentraions of the reference oil

in ugrst .

Some profiles of concentration of petroleum hudrocarbhons as 3 function of
depth are contained as Filgure 7-2. Fluorescence spectra of different tupes or
water samples are shown' in Figure 7-3 (contaminated by Bunker-C rtuel)., Figure
7-4 (contaminated by coaling water from the ADOLF JENSEN). and Figure 7-S5

(apparently uncontaminated water).

o
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Table 7-3. Petroleum hydrocarbons in subsurface water samples, quantitated
as the amount of reference oil that gives rise to the same
fluorescence intensity at chosen wavelength combination

Station Depth microgram per liter Spectral
(m) measured at (om) similarity to
reference oil

230/340 270/360 310/400

5460 1 0.91 0.53 0.27 +
10 0.22 0.14 0.049
5461 1 4.9 3.5 2.5 +
5 0.74 0.57 0.41 +
10 0.53 0.40 0.29 *
20 0.56 0.32 0.13
5462 1 1.0 0.50 0.30 +
5466 1 1.5 0.90 0.48 +
5 0.54 0.36 0.35 +
10 0.48 0.32 0.19 +
20 0.32 0.21 0,082
5467 1 0.41 0.22 0.081
£468 1 0.48 0.23 0.11 +
5 0,59 0.40 0.20 +
5469 1 0.28 0.16 0.038
5 0.36 0.26 0.13 +
10 0.28 0.20 0.11
20 0.28 0.18 0.065 +
5470 1 0.31 0,14 0,043
S 0.20 0.12 0,032
10 0.24 0,11 0.032
20 0.29 0.12 0.028
5471 1 0.24 0.15 0,041
5 0.74 0.34 0.11
10 1.0 0.49 0.25 +
20 0.23 0.12 0.026
5473 1 0.47 0.27 0,13 +
5 0.91 0.64 0.43 +
10 0.56 0.24 0.10
20 0.53 0.25 0.11
30 0,37 0.25 0.12
5474 1 0.87 0.32 0.11
5476 1 1.7 0,77 0,19
5477 1 1.3 0.73 0.28
5 0.47 0.27 0,072
10 0.63 0,28 0.083
20 0.63 0.19 0.079




Table 7-4, Amounts of interfering substances in solvents used for extrac-
tion, quantitated as micrograms of oil per liter of water sam-

ple.
Bottle Used at statlons micrograms per liter
230/340 270/360 310/400 (nm)
I 5460 = 5468 0.27 0.052 0,031
II 5469 — 5473 0.30 0.056 0.033
B 5474 - 5477 0,75 0.19 0.047

& American hexane

The relative difrerence between duplicate samples, calculated as (cl -

c2) ~» B.5(cl + c2). ranged between 2 and 183 percent. The median value was 48
percent and the arithmetic mean difference was 55 percent. The concentrations
found at different sampling points ranged from 9.03-8.84 pg-L at Station 547
to 2.5 posl at Station 5461 at 1 m depth. Thus significant differences could
be seen between different stations and betwesn difrerent depths, although the
precision was relatively poor. The deviation between duplicates (s dus partlu
to the fact that recentluy polluted water is not homogenous: thus., the

duplicate samples do not necessarily contain egqual amounts of otil.

Judging from the fluorescence characteristics of the subsurface water
samples. none of them contained oil which was identical in composition to the
FOTOMARC oil. Therefore. there will be a3 systematic error when the spilled ail
is used as a reference for quantitative evaluation. This is not unique for
the fluorescence technigue but is a general problem when o1l is to be analuzed
alt the 1 ppb level. Each technique which can be employed at this
concentration Level suffers from the drawback that it does not have eqgual
sensitivity for all components of the oil. The UV-fluorescence technigus is
sensitive to arocmatic hydrocarbons in ocill and has the property of generatly
being more sensitive to lLarger moleculas. Therefore. if the composition of
the oil in the sample is shifted towards the lighter part of the reference
oil. tne total corncentration can be underestimated. This can be partly
overcomra by choosing excitation and emission wavelengths that are tupical of

the lower aramatics, e.d.. the naphthalenes and phenanthrenes.
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Figure 7-3. Tluorescence spectra of an extract of subsurface water
collected on August 13 at Station 5461, 1 m depth.
Left: excitation spectrum from fixed emission wavelength.
Right: emission spectra from different excitation wavelengths
(see also Table 7-10.).

A simple recovery test was made to check the efficiency of the Danish
extraction procedure. Tap water was added to a sampling bottle, adjusted to a
salinity of 38 g-L. and 18 pg of the reference o0il dissoluved in 18 pl of
dichloromethane was added. The water was stirred for 38 min. extracted with
hexane. and analuyzed using the normal procedure for the water samples. The
recovery was close to 1B8 percent as Is seen in Table 7-5. Howewver, Ahnoff
and Eklund’s experience (19279) from real seawater samples that have been
extracted in two consecutive steps indicated that extraction is not 188
percent but somewhere between 88 and 188 percent and that the extraction

efficiency is affected by the particulate load of the water.

7.3.1.2 UV Comparison of the Danish and NORA Sampling Methods

At Station S471, water samples were taken using both the Danish and NOAA
procedures. Two of the NORA samples which had been extracted by the NOAA team
were analyzed by Ahnoff and Eklund. R comparison of these two samples with
the Danish samples taken at the same depths at this station is presented 1in
Table 7-6. Spectra of these samples are shown in Figure 7-6. The fact that

the emission spectra lLook the same. Independent of the excltation wavelength
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Figure 7-4. Fluorescence spectra obtalned from a surface water sample,
station 5474, that contained waste cooling water from
the ADOLF JENSEN. (for explanation see Figure 7-3.)

is atypical of oil and suggests the presence of only one or a few similiar

fluorescing compounds, passibly naphthalenes.

7.3.1.3 Mass Spectrometric (MS) Analusis

Table 7-7 Llists the surface oil and water column samples that were analyzed
using the MS method in Sweden. The concentrations of dirferent aromatic
hudrocarbons found in these water samples as determined by MS analusis are
given in Table ?7-8. According to UV analyses, three af these contalned less
than | pgsL total petroleum huydrocarbon concentration as noted in this latter
table. These samples contained aromatic hudrocarbons In amounts barely above
the practical detection Limit of the MS method. This Limit was not set by
instrument sensitivity. but rather by the amount of contamination {ntroduced
into the samples during the analytical procedure. Contaminatian lnter fered

more strongly with the MS than with the UV analuses.
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Figure 7-5. Fluorescence spectra obtained from a surface water sample,
Station 5469, collected well to the north of the spill area.

The vertical scale is more expanded than in Figures 7-3 and 7-4.

Table 7-5. Recovery of Melville reference oil from synthetic seawater
using hexane as extractant,

Excitation/emission 230/340 270/ /360 310/400
wavelength (nm)

Recovery (%) 96.1 98.7 96.9
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Table 7-6. Comparison between samples taken by NOAA and Gothenburg Uni-
versity sampling methods.

Station Depth Method microgram per liter
230/340 270/360 310/400 (nm)
5471/1 0-0.5m NOAA 6.2 2.1 0.20
Om GU 0.59 0.31 0.20
5471/2 0-0.5m NOAA 10 2.8 0.40
Om GU 0,24 0.15 0.042

The sample at 1 m depth from Station 5461, which contained a few pgsL of
petroleum hydrocarbons. showed 58 ng-L of selected arcmatic hydrocarbons
(Table 7-8). Mass fragmentograms are shown in Figure 7-7. In Figure 7-8, the
concentrations of different aromatic hudrocarbons are compared with the
concentrations found in the surface oil sample collected on Rugust 18. It can
be seen in this figure that., for each type of aromatic hydrocarbon. the
relative concentrations decrease with increasing molecular weight. This is in
accord with the Llower solubility of the higher weight compounds. For the
naphthalenes, evaporation of the LlLightest naphthalenes from the oil can also

contribute to the differences seen in Figure 7-8.

7.3.1.4 Comparison of MS and UV Results

The selected aromatic hydrocarbons make up approximately | percent of the
total weight of the original POTOMAC fuel which was spilled (Table 5-5).
Assuming that the same relation between the selected aromatics and the total
amounts of petroleum hydrocarbons exists in the water samples (obviousiy this
is not true), values of total petroleum hudrocarban concentrartions can be
calculated. Table 7-9 presents such concentrations rfor the sample at 1 m from

Station 5461.

Obviously., these values must be maxima since the salected aromatic
hydrocarbons bhelong to the most water soluble components of the oil and thus
would be expected to be present in high relative concentrations. The UV
analysis shows lower relative concentrations. Compared with the MS technigue.
the UV method measutres a broader spectrum of zaromatic hudrocarbons. Higher

wavelengths are more selective for the heavy aromatic components, and they
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Fluorescence spectra obtained from a water sample collected
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also yield lower concentrations.

be regarded as minimum concentrations.

Consequently.,

Values from measurements at 318-488 nm can

it can be conciuded that

there 1s good agreement between the MS and the UV determinations on at Least

this sample.
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The NOAA analyses

The NOAA hexane extracts were analuzed by ERCO.

their findings {s contained

material was extracted.

in Boehn and Feist (1978

and a complete report of

from which the rollowing



Table 7-7. Samples analyzed by mass fragmentography.

1 "Thule o0il" acquired from tank of the POTOMAC.

2 Reference 0il Bunker-C retain acquired from EXXON refinery
at Aruba where POTOMAC last loaded with fuel

3 Surface oil sample collected on August 10, 1977.

4  Station 5460 1 m  code=4

5 Station 5461 1 m code=5

6 Station 5461 5 m code=7

7  Station 5469 5 m  code=33

Table 7-8. Concentrations of naphthalenes, phenanthrenes, and dibenzothiophenes
in subsurface water samples.

Compound 5460 (1m) 5461 (1m) 5461 (5m) 6569 (5m)

nanogram per liter

Naphthalene 4.3 G 5.5 6.6
Methyl naphthalenes 3.2 7.2 1.8 3.4
Dimethyl naphthalenes 0.9 12 1.5 3.3
Trimethyl maphthalenes 2.0 8.4 1.8 4,2
Phenanthrene 5.8 9,5 14X 1.5
Methyl phenanthrenes 243 5.3 0.9 0.6
Dimethyl phenanthrenes 0.7 4.4 <0.1 0.1
Dibenzothiophene 0.6 1.9 0.2 0.3
Methyl dibenzothiophenes 0.2 2.7 0.4 0.7
Dimethyl dibenzothiophenes <0.1 2.5 0.5 0.3
Total (naphthalene excluded) 14 50 10 15

Spectrofluorimetric analysis

230nm/3400m 930 4900 740 500
270nm/360nm 560 3200 570 350
310nm/400nm 240 1900 410 180
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Figure 7-8. Comparison of concentrations of naphthalenes, phenanthrenes,
and dibenziothiophenes in the subsurface water sample from
Station 5461 at 1 m depth with the surface 6il sample collected
on August 10. Vertical axis is the concentration in the water
sample divided by the congentration in the surface sample.
Concentrations of the water sample have been corrected for
background effects by subtracting out the mean concentrations
found in three other water samples (see Table 7-8). Horizontal
axis is molecular weight.

Fifty-six hexansa exfracts were characterized by total extractablas (Table
7-18), after which 36 extracts were characterized by elther GC or GC-MS
depending upon the concentration Levels. The goals of the analyses were 1) to
characterize the chemical fractionation of the oll incorporated into the water
column and 2) to estimate the guantity of oil i1ncorporated into the water
column. These goals were achieved onty partly, because several of the i
extracts prepared in the field were either contaminated or evaporated because

of faulty closures.

7.2.2.1 Gas Chromatographuy

Where column chramatography preceded gas chromatography. two fractions of the
hexane extract were analyzed: an fl fraction containing saturated hydrocarbons
and an f2 fraction containing naphthenoaromatic and aromatic hydrocarbons. In

the case o7 samples contzining smaller concentrations of total extractables.



Table 7-9. Comparison between mass fragmentographic and spectrofluorimetric
analysis on a subsurface water sample (Station 5461 at 1lm)

microgram per liter (ppb)

Sum of selected aromatic hydrocarbons 0.050

Total concentration of petroleum
hydrocarbons assuming that selected
aromatics constitute 0.81% of total 642

Fluorescence intensities in reference
oil equivalents

Excitation/emission (nm) 230/340 4.9
270/360 S P I
310/400 1.9

only the unfracticonated (fB) extract was analyzed. The samples were grouped

into three broad classes as shown in Table 7-11.

Three water extracts. samples |, 2, and 3, collected 12 daus arter the
spill a2t Stations 5466 and 5467 contained high concentrations of total
extractables (>1388 pg-s5d@8ml).  Their GC spectra contalned a trimodatl
distribution of high molecular weight unresolued components in the f1 fraction
(Figure 7-2) and a characteristic distribution of resclued components with a
relative index (RI) between 1488 and 1788 in the f2 fraction (Figure 7-18).
The gas chromatograms of these three samples were remarkably simitiar to each
other but not to the spectra fraom the POTOMAC oil (Figures 5-3 and S5-4). This
indicates that the oil in these samples came from a source other than the

POTOMAC.

Fifteen other samptes were characterized by varuing concentrations
(generally 1880 to S68 Ha) of a suite of n—alkanes from RI 2188 to 3188, with
the maximum at 2588 in the fl fraction (Figure 7-11) and also by a bimodal
unresoluved compiex mixture (UJCM) in the f2 fraction (Figure 7-12). These GC
patterns are atupical of Bunker-C fuel but match a hexane extract of a clean
sample vial cap (Figure 7-13). The contamination of samples in this group

from the wax coating on the wvial caps precluded measurement of oil In these
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Table 7-10. Seawater extract analyses, NOAA

Total £ f GC

Lab. Vvial 1 2
I.D. I.D. EXtr?§;§bles (ug) (u8) £, £, Total

08-81 MCB H-1 138 - 87.5 277.9 X X
08-105 i} 22,500 7280 8112 X X
08-106 2 15,380 5175 7315 X X
08-107 3 16,120 3465 5210 X X
08-99 4a 759 318.4 163 X b4
08-97 6a 114
08-98 5 16 23.5 25 X X
08-96 7b 202 32.0 64 X L
08-95 8b 46
08-94 9 23
08-93 10 33 X
08-92 11 874 201 227.9 X X
08-85 12 548 145.4 106.1 X X
08-86 13 112 X
08-87 14 435 34.4 24.6 X X
08-88 15 284 26 52 X X
08-89 16 88
08-66 5469-pa 55 X
08-67 5469-¢b 108
08-77 5470-¢A 100 X
08-76 5470-4B 35
08-75 5470-1a 224 115 79 X X
08-72 5470-1b 0
08-65 H-la 0
08-64 H-1b 35 X
08-63 H-2a 249 81 74 X X
08-62 H-2b 286 X
08-61 1-la 1700 665 560 X X
08-60 1-1b 204 X
08-115 1-2a 63 X
08-114 1-2b 20 X
08-68 5-1a 63 X
08-69 5-1b 83
08-70 5-2a 41 X
08-71 5-2b 78
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Table 7-10. Seawater extract analyses (continued)

Total f £ GC

i‘ag‘ ¥igl extractables " 1) B T weaT—

.D. (ug) (ug (ug) £, ; ota
08-113 10-1la 17
08-112 10~1hb 29.4 X
08-84 10-2a 67
08-83 10-2b 418 163.2 189.4 X X
08-111 20-2a 5
08-110 20-2b 6.4 X
08-109 20-4a 23 X
08-108 20-4b 40 b
08-100 30-1a 0
08-101 30-1b 19 X
08-102 30-2a 0
08-103 30-2b 35 X
08-79 10-pa 12
08-78 10-¢b 153 X
08-74 11-4a 51
08-73 11-¢b 98 X
08-90 11-10A 108 X
08-91 11-10B 185 X
08-82 Fisher 765498 118 72 60.9 X X
08-80 MCB Blank 254 149 108.6 X X
L = Lost
X = GC'ed

samples. Three of the four procedural blanks were similiarly contaminated.
and the fourth contained small amounts of hydrocarbons (<5 pg) confirming the

contamination.

The 14 remaining samples were not contaminated by the vial caps but
contalned only minor amounts (<18 pg/EaamLJ of a few resolved components 1in
the unfractiocnated sample (Figure 7-14). The small number of rescluved
components, usually one or two., argues agalnst gross contamination by the
POTOMAC oil and suggests a biogenlic origin of these components. In no case
was major contamination of the water column with POTOMAC oil obserwved.
Selective dissolution should result in a series of substituted naphthalenes.

and gross incorporation of oil into the water column should result in an fl
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Table 7-11. Groupings of seawater samples NOAA

Sample Date Station Depth Group
I.D. (August) No. (m)
1 17 5466 A T
2 18 5467 0 T
3 18 5467 0 T
4a 18 5468 1 (¥
5 18 Blank - c
7b 18 5468 0 LL
10 18 5468 1 LL
11 18 5468 1 LL
12 18 5468 1 LL
13 19 5469 0 LL
14 : 19 5469 0 LL
15 19 5469 0 LL
0a 19 5469 0 C
Oa 19 5470 0 C
H-1la 19 5470 1 c
H-1b 20 5471 0.2 C
H-2a 20 5471 0.2 c
H-2b 20 5471 0.2 c
1-1a 20 5473 1 c
1-1b 20 5473 1 c
1-2a 20 5473 . LL
5-la 20 5473 5 LL
10-1b 20 5473 10 LL
10-2b 20 5473 10 C
20-2b 20 5473 20 LL
20-4b 20 5473 20 LL
30-1b 20 5473 30 LL
30-2b 20 5473 30 LL
10-0b 21 WW-10 10 C
11-0b 21 WW-11 0 c
11-10a 21 WW-11 10 c
11-10b 21 WW-11 10 C
T = Trimodal unresolved envelope.
C = Cap liner contamination.
LL = Low level concentrations (< 10ug/500 ml).

pattern similar to that for the whole oil (Figure 5-3). Meither of these
patterns was observed in anyg of the NOAR water sample extracts analuzed by GC

technigues.
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Figure 7-9. Gas chromatogram of the fl (saturate) fraction from extract 2
showing the trimodal group. Analysis by ERCO.
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Figure 7-10. Gas chromatogram of the £2 (aromatic) fraction from extract 2
(trimodal group). Analysis by ERCO.

7.3.2.2 UV-Fluorescence

Three f2 fractions of water extracts, incuding members of the trimodal alkane
group, the cap blank group, and a shipboard blank., were analyzed by
synchronous-scan spectrofluorametry and compared with an f2 fraction of the
reference oil. No conclusions could be drawn from the results because of the

similarity of peak shape and concentration of the two water sample extracts
and the blank.
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Figure 7-11. Gas chromatogram of the fl (saturate) fraction from extracrt
10-2b showing cap liner contamination. Analysis by ERCO.
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Figure 7-12. Gas chromatogram of the f2 (aromatic) fraction from extract
10-2b showing cap liner contamination. Analysis by ERCO.
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Gas chromatogram of the unfractionated extract 30-1b showing

Flgure 7-14.
Analysis by ERCO.

the low level group.

7.4 Summary Of Accommodation Into The Water Column
UV-spectrofluorometry, gas chromatography. and mass spectrometry were

used to analyze the Danish and NORA hexane extracts of water samples to

investigate chemical changes of the splitled oll {ncorporated into the water

Use of these techniques was hindered by contamination of some of the

column.
Some of the extracts

samples., both during collection and during storage.
showed gas chromatography patterns atyplical of the oil spiltled by the POTOMAC.
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Most of the remaining samples contained small amounts of reszolued components

(<28 pg- mL).

UV-spectrofluorometry was used to screen the horizontal and wvertical
distribution of cil in Melville Bay. Petroleum hydrocarbons were found in the
Danish samples at concentrations from B.83 Hgsl up to above 2 pg-sL. using
gspectral wavelengths typical for quantification of the spilled oil. Using
different wavelengths for guantitation. the maximum concentration found was
between 2.5 and 4.3 ug-sL. The spilled oil could be traced by UV techiques

down to about 8.1 pg-st.

Depth profiles, taken B to 12 days arfter the spill occurred. showed
maximum concentrations near the surface (I m depth) and a ropic decrease down
to 18 to 20 m depth. Profiles taken 132 to 15 days «. 1. th2 splilLl showed
maximum concentrations at S5 to 18 m depth corresponding to the bottom of the

surface layer (Chapter 4,1).

The petroleum hudrocarhonz in the water column contained higher relative
amounts of the low-molecular-weight aromatic compounds than the reference oil

and surface oll samples.

Mase spectrometric anzlysis was used on a small number af the Danlish
water sample extracts as a comparison with thetr UV-spectrofluorometric

analysis. Good agreement was found between the two technigues.

While Large-scale dispersion of the oil into the water column might hava
occurred during the B days before the first water samples were collected, no
gross accommodation of the spilled oil into the water column was found in any

of the water sample extracts analuyzed.



8.8 BIOLOGICAL STUDIES ON PLAMKTOM AND FISH

Samples af zpoptankton and flish were collected in the vicinity of the
spill as well as in reference areas to exasmine the Impact or the oil (Tables

8-1 and 8-2).

The Danish samples were forwzarded to the Water Quality Institute ror
hydrocarbon analysis, to Marin ID for analysis of the composition of species
and identification, and to Greenland Fisheries Investigations (GF) for

examination of contaminated plLankton.

The 13 U.S. biological samples were forwarded te the Plarikton Ecology
Laboratory, MNational Marine Fisheries Service, Narragansett. R.I1., for

analysis of species composition, abundance, and contamination orf plankton.

8.1 Sampting Procedure
3.1.1 Danish Sampling

Plankton samples were collected with a Stramin net (2 m diameter. mesh
588 threads.m hauled from 288 m to the surface at 1.5 kn over 2 period of
about 28 min) and Hensen net (72 cm diameter, Mo 3 silk hauted wertically at

8.3 mss from 58 m to the surface.) (Table 2-1.)

One plankton sample was collected with the Stramin net at the spill site
(Station 5468) and two sampies were collected in areas with oll pancakes on
the surface; at Station 5461, the Stramin rnet broke the surface within the
oiled area and at Station 5464, the Stramin net broke the surface outside of
the oiled arez after hauting inside the oiled area. Three samples were
collected on a Line north oFf the center of the oiled area (Statiens 5469,

5478, and 5471)., One sample was collected in an area wlth subsurface oit
Flakes (Statlon 3473) and one In a rererence area (Statlon S477). Samples
were also collected with the Hensen net at Stations 5468, 5463, 5471, and 5477

(Figure 3-2).

The volume of the plankton samples from the Stramin net were measured

immediately (Table 8-1) and the plankton were examinad for oil contamination.

5-1



Table

8-1. Summary of Danish biological stations including plankton volume.

Date Time Depth Volume Total 0il Present
Gear Station Position 1977  GMT m wet ml number visible  analysis
Stramin 5460 74°53'N 61°10'Ww  8/13 1325 0-225 3000 143680 no yes
" s461  75°10' 61°23'  8/14 0201 0-225 2000 nm pancakes  yes
" 5464 75°12"' 61°30' 8/16 1123  0-225 900 31826 pancakes nm
i 5469 75%64" p1°35" 8/19 1448 0-225 1300 132224 no no
" 5470 75°35'  61°24!" 8/19 1830 0-225 1300 nm no ?
" 5571 75°26"' 61°10’ 8/20 0851 0;225 3000 150264 no ?
" 5473 75%16' 61°15%° 8/20 2137 0- 1 150 nm flakes yes
" 5477 74°21" 58°37' 8/21 0207 0-225 2000 57472 no no
Hensen 5460 75°53"' 61°10"' 8/13 1325 0-50 nm 15065%
3 5469 75°44" 61°35' 8/19 1448 0-50 nm 5713%
" 5471 75°26' 61°10' 8/20 0851 0-50 nm 8367
" 5477 74221 58°37" 8/21 0207 0-50 m 13093%
Pelagic 5465 75°10' 60°38' 8/17 1310 ca 250 nm
trawl

nm = not measured

-3
I

w
It

uncertain results

total number per m2
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Table 8-2

Summary of U.S. biological stations including plankton volume.

Date

Time

Surface,area Wet volume

Filtered volume

Wet wvolume

Gear  Station Position 1977  GMT (%) (m1/1000m2) (@3) (m1/100m3)
Newston 1 75°16.5'N 61°20'W  8/20 0540 550 50.7
: 2 75°17.5' 61°15'  8/20 0635 550 46.2
B 3 75°18.5' 61°12.5' 8/20 0723 550 200.9
. 4 75°19.5' 61°10.5' 8/20 0748 550 34,2
8 5  75°20.5' 61°14'  8/20 0827 550 36.0
" 6  75°22.5' 61°04'  8/20 0945 550 3.6
" 7 75°18.5' 61°19'  8/20 1045 550 5.4
L 8  75°18'  61°17'  8/20 1056 550 13.5
g 9  75°26'  61°52'  8/21 0843 550 45.0
L 10 75°47'  65°50'  8/21 1253 550 10.8
" 11 75°53'  67°58"  8/20 1600 550 8.1
Bonzo/0.333 1  75°15'  61°15 8/19 1600 722 29.1.
Bongo/0.505 " i i 1 " 28.2
Bongo/0.333 2 75°15'  61°15'  8/19 1700 964 47.4
Bongo/0.505 2 v T " " " 40.1

€-8
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Samples of the dominant groups (Copepods. Parathemisto. and Freraopods) were
selected and kept frozen for hydrocarban znalysis. The remainder of 2ach
sample was preserved in 4 percent Formalin for identification., counting., and
further examination for oll occurring as external smudges or ingested Into the

out,
g.1.2 U.S. Sampling

Neustan samples were collected at 1! stations with a 8.5 by 1.8 m
rectangular frame fitted with 2 2.385 mm mesh net. Tows of 18 min durstion
were conducted at speeds of 3.3 kmshr, effectively sampling a surface area of
5580 sg m. In addition. at Stations ! and 2, stepped obligue tows were made
with a 61 cm bongo sampler fitted with ©.385 and 8.333 mm mesh nets. Rt
Station 1. a 45 min tow was conducted which sampled at 28, 15, and (8 m depth
each for 15 min. At Station 2, the tow was for 1 hvr and sampled 28, 15, 18,
and 5 m depths each for 15 min. ALl samples were preserved in 18 percent

Formalin. A summary of these tows 1s contzined In Table B-2.

8.2 Species Camposition
8.2.1 The Danish Samples

The Stramin net samples were reduced to an allguot of zbout 3888
specimens with a sample divider and i{dentified to the lowest possible taxa.
The Hensen net samples were totally counted and ldentified (Table 8-3). The

fish larvae from atl the samples were identified (Table 8-4).

The copepaods were the dominant group in the plankton. Calanus
huperboreus was the dominant speclies in all the Stramin net samples accounting
for 37 tb 82 percent of the specimens. Calanus glacialis was the second most
numerous species and occurred at all stations. At the raference station,

Metridia longa was the dominant species, but only a few or no specimens were

present at the other stations. In the Hensen net samples. the small copepod
Pseudocalanus minutus was the dominant species, possibly because of tha
smaller mesh in this net. Because of the known daily vertical migration of
plankton, natural variation present In the samples made comparison between

zamples coliected at different fimes uncertain.



Table 8~3. Results of zooplankton enumerations for Danish statioms.
Station number 5460 5464 5469 5471 5477 5460 469 5471 5477
Type of net and depth § 200, 225-0 m, 30 min haul 0,45 m* Hensen, 50~0 m
Sarsia primceps 64 B 70
Leukartiara breviconis 64 ;
Aglanthe digitale 5440 2040 4960 3238 128 61 63 54 67
Clione limacina ad. T04 T2 1216 T0 5 1
[ [0 juv. 8 4 & 5
Limacina helicina ad, 704 24 2144 141 64 3 1 3
" " juv. 9 4 4 20
Hiatella sp. juv. 1
Conchoecia sSp. 1
Calanus hyperboreus ¢ 50880 3920 39360 66520 26880 120 19 86 36
" T Y 54720 7600 42240 49984 44720 124 4 109 93
n ) Iv 9600 3040 20800 5280 10880 44 9 71 51
" ’ III 960 320 1280 - - - -
Calanus glacialis 4 7680 1040 1280 5280 9600 96 3 27 28
] L 3é 80
" n v 5120 2840 3200 6688 52480 376 21 103 354
" " Iv 4 8 4 12
Calanus fipmarchicus 2 320 3200 60 6 18 50
[ n a 3
" " v 320 640 192 14 49 114
" n . Iv’ 1
Calenus copepodits IV B56 96 364 819
Calanus nauplii 192 312 196 30
Pseudocalanus minutus § 280 36 &8 75
[ " ve 568 350 444 845
" " Ve 368 228 188 510
n " Iv 2084 132 832 1170
o L 6 o & 552 560 492 265
Pareuchaeta
glacialis 2 152 141 320
" " Ve 88 141 128 1
4 2 va 1 T0 256 1 1
n n I‘fe 1 1
" " 1ve 320 70 2
"o " III 80 1 2 2
Metridia longa ¢ 32 70 64000 4 33 543
0 Tye 1 4 30
o " Vg 640 2 5 30
Oithona 3imilis ¢ 12 44 BO 10
Microsetella norvegica 6
Harpacticida sp. 640 4
Parathemisto libelluls 192 352 710 64 2 4 4 3
Epicarida sp. 1
Pandelus borealis juv. 66
Ophiura sarsi 16 16
Ophiccten sericeum 5 4
Saﬁitta elegans 256 2112 1280 1420 6144 3 4 21
Eukrohnia hemata 6848 8280 14720 7040 5824 37 27 35 34
Fritillaria borealis 4 B 27
Oikopleurse venhogffeni 2 316 102 84
Total 143680 31826 132224 150264 227888 6149 2332 3415 5344




Table 8-4. Fish larvae collected at Danish stations.

Fish larvae Station
5460 5461 5464 5469 5470 5471 5477
Liparis sp. 7 ? 16 6 1 7 2
Boreogadus 1

The lack of available background data from the spill area make
comparisons of numbers and species of zooplankton with the "normal' situation
difficult. and conclusions about Impact of the oll on the plankton community
at the spill area cannot be firmly drawn. AN tnuvestigation ip 1928
(Jespersen., 1934) found Calanus finmarchicus and Catanus huyperboreus to he the
predominant copepods in the upper water lauers, but Metridfa Longa also
appeared. Generallu., the same species of copepods were found during the
investigations of both 1928 and 1977.

Very few fish larvae were found In the Stramin net samples (Table 8-4),
ALL of these were Liparis sp. except for a single Boreogadus saida. R 1-hr
miduwater trawl (Station 5465) resulted in only 11 adult Boregaadus salda being

collected.
8.2.2 The U.S. Samples

Analusis of the U.S5. samples was performed by R.Maurer and J.Kane 3t the
Narragansett Laboratory of the National Marine Fisheries Service (Maurer and
Kane, 1878). Plankton blomass was measured at esach station by determining the
displacement volume of each sample (Table 8-2). Volumes were recorded to the
nearest mitliliter following the method described by Ahlstrom and Thralkill
(1963).

When necessary., plankton samples were reduced to an atigquot of
approximately 350 to 580 specimens using a modified Motoda box-type splitier.
Zooplankters were identified to the lowest posslble taxa. counted. and

examined for ail contamination (Table 8-5).
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Large Calanoid copepods strongly dominated the plankton in the 8.385 mm
mesh Bongo samples. Calanus hyperporaus., one of the largest known calanoids’
and one which occurs primarily in Arctic waters. accounted ror approximately
77 percent of the total zocplankton numbers at Stations 1 and 2. Calgnus

glacialis and Calanus finmarchicus, smaller, morphologically similiar. and

congeneric species., occurred at both stations but were not numerous enough to

be considered dominant. It should be noted that Parathemisto Libellula, a

huperid amphipcd. and smaller copepods were not ranked high in the ©.585 mm
mesh bongo samples.

C. hyperboreus slso dominated the smaller mesh (8.33Z mm) bongo samples
(Table 8-5). The notliceable difference i(n species composition between the
smaller and larger mesh samples was the increase in numbers of smaller

specles, P. minutus and Olthona similis, In the smaller mesh samples.

P. minutus was ranked second in numerical importance ror these samples.

Meuston samples taken in the vicinity orf the spill (Stations 1 to 8) were
dominated by P. Libellula. In the control area (Statlons 9. 18, and 11},

P. Uibellula was also dominant.

The composition of communities in the neuston (surface) and bongo (water
column) samples are compared in Figure 8-1. The two dominant species appear
to be almost mutually exclusive. The neuston samples are strongly dominated
by P. Libellula (91 percent) while C. hyperboreus (75 percent) dominates the

bongo samples. Calanus glacialis, C. rfinmarchicus, and Limaclna helicina were

of less importance i{n hoth biotopes.

Sars (1398) reported that P. Libellula is a good indicator of the Arctic

water and occurs in Large numbers at the surface. Populations are known to be
composed primarily of juveniles, 3z the large adult individuals are seldom
encountered. Similarly., tn this suruvey the population was disproportionately
Juvenliles. From 85 to 188 percent of P. Libellula at any one station were
juuvenites. Hyperid amphipods are kKnown to be extremely strong swimmers.
capable or extensive vertical movement and P. Libellula has been reported Trom
the surface to 2,588 m. Examination of the diurnal occurrence orf P. Libullela
in the neuston samples during this survey indicates that this species is firam
189 to 1.BBB times more abundant at the surtace durlng the Arctic night and

twilight perlods.



BONGO NEUSTON

CALANUS HYPERBOREUS

CALANUS GLACIALIS

CALAMUS FINMARCHICUS
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Figure 8~1. Comparison of the species composition of communities in
bongo (0.505 mm mesh) and neuston (0.505 mm mesh) samples.
Stations 1 and 2 were combined for the bongo samples.

I1f a8 slick was present. as at station 2. then the ptankton mouvement into
and out of contaminated waters would provide a pathway for huydrocarbon
compounds to enter majJor plankton and fish communities in the water column.
Amphipods. because of their numerical importance. are considered as a major
food resource for fish species and the ringed seals. Whether or not there is
2 food chain magnification of hydrocarbon compounds as has been shown for
other pollutants. e.g.. pesticides and heavy metals, has yet to be determined.
Howewver. the potential for significant impact exists if these compounds are
transferred to the more sensitive deepwater environments. Characteristicallu.
these low productivity regions are inhibited by (ong-tived slow-growing
species with low levels of fecundity: therefore. the carrying capacity for

such pollutants in these environments would be expected to be minimal.

Fish larvae were virtually absent in the plankton during this survey.

The only specimen collected was a radiated shanny. Stichaeus punctatus.
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8.2.3 White Particles on the Sea Surface

Eleven dauys after the spitl, small white pai‘ticles were observed floating
on the sea surface. Some of the particles could be identified as the remalne
of dead zooplankton (copepods).. These whtte particles appeared toc be globules

af white fat or oil.

It 1ls suspected that no relation exists hetween dead plankton and the
spilled oil., as the white particles were cbserved both within oiled areas as
well as in areas that the spilled oil did not reach. Furthermore. dead
plankton have been reported in this area during 1928 as a natural phenocmeanon
of the copepod Metridia longa (Jesparsen., 1934). The most probable reason for
the association of the dead plankton and the oil {s that theu were both
concentrated by convergent processes such as Langmulir circulation. This
expLanation does not however preclude an adverse effect of oll on plankton

which could conceivably contribute to plankton mortalitu.

8.2 01l Contamination Of Zooplankton And Fish
8.32.1 Chemical Examinations

Ten samples of zooplankten and fish from Danish hauls were chemical ly
examined for petroleum hydrocarbons by the Water Quality Institute (Hansen et
al.., 19r7a).

8.3.1.1 Analytical Procedure

In general. the procedure of Farrington and Tripp (1975) and Farrington and
Mederias (1973) was applied for extraction and isolation of the hydrocarbons
betwaen n=-Cl2 and n-C36. AN amount of 2 to 28 g (uwet weight) of blological
material was used for each analysis. After homogenization (n a blender. the
sample was refluxed for a few hours with 48 g KOH per Liter of 98 percent
methanol. Arter cocling., the mixture was rTittered with suction if solid
materials were present. The resldue was washed off the filter with a small
volume of pentane. The saponiflication mixture, {f filtration was necessary.
was extracted three times with pentane. The extract was svaporated with a

rotary evaporator until 1 to 2 mlL remained.

Column chromatography of the extract was performed hy using 3 calumn of

equal amounts of alumina (AL203) packed on top of silica (5102). The alumina



and silica were activated overnight at 258 C and 150 C, respectively. and both
were subsequently deactivated with S5 percent of water. The ratio of column
material to nonsaponifiable Lipid had to be 188B:1 or more for the analusis to
continue, The column was eluted with (.S column volumes of pentane + benzene
(38 percent + S& percent by volume). The eluate was evaporated to near
dryness on a rotary evaporator and then redissoluved in 2 small volume of CCL4.
A few microliters were injected into the gas chromatogrzphic column. A
standard n-alkane mixture of known concentration was used to measure the
detector response per unit weight aof alkane. The internal standard used was
n-C22. Gas chromatography was performed on 2 SCOT column as described in

Chapter 5.1.

8.3.1.2 Results
The results from some of the gas chromatographic (GC) analyses on the SCOT

column are shown in Figures 8-2 through 8-5. In all the chromatograms a few

DL
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Figure 8-2. Gas chromatogram of Boreomysis from station 5465.

T

very strong peaks dominated. showing the presence of biggenic hydrocarbons.

One or these, pristane., has been found in all the samples.

Most of the samples also show the presence aof a complex mixture of

petroleum hydrocarbons. The amounts of petroleum hydrocarbons are Low
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Figure 8-3. Gas chromatogram of Themisto from station 5465.
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Figure 8-4. Gas chromatogram of a Copepod from station 5470.
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Figure 8-5. Gas chromatogram of a Copepod from station 5477.
Reference station located 50 nmi southeast of the
spill site.’

compared with the amounts of the blogenic hudrocarbons. Petroleum
hydrocarbons were found even 1in the referance sample Trom Station 3477 (Figure
8-5). Only two samples seemed to be uncontaminated with petroleum

hudrocarbons.

8.3.1.3 Discussion

The copepod sample from Station 3477 was taken as a reference sample far from
areas contaminated by the POTOMAC oil. The small amounts of petrolesum
hydrocarbons found by GC may indicate inadvertent contamination etther during
sampling or analysis. However. the analytical method could not distinguish
between internal or external oll on the organisme. As 2 whole., the largest
ampunts of petroleum hydrocarbons were found in copepods. which have a rather
high lLipid content., and the lowest amounts were found in pterapods, which have
low lipid content. This indicates that only part of the petroleum

hydrocarbons found are related to contamination either during sampling or

analysis.



No correlation was found between the water analusis performed by
fluorescence and the zooplankton analyses performed by GC. This could be the
result of the fact that the amounts orf petroteum hydrocarbons found in the
zooplankton are relatively Low and dependent on other fTactors such as lipld
content or the fact that the results Indicate the possibility of contaminaticn

durihg either sampling or analysis as mentioned above.

Earlier inuvestigations (Johansen 2t al 1977) 1In the arez off West
Greenland which studied tnhuertebrates. fish, and sediments. showed no presence

of petroleum hudrocarbons.
8.3.2 Physical Examinatiens

8.3.2.1 Procedure

The Danlsh plankton samples were examined under a dissecting microscogpe for
the presence of oll. The contamination was classified as 1) external for oil
adhering to the cuticle and adhesion to appendages or 2) internal for ingested
oit. Specimens suspected to be contaminated in the gut with oil were cleared

with Llactic acid.

8.3.2.2 Results
The occurrence of contamination is shown in Table 3-6.

Station 546A: The sample was collected at the spill site where no oil was
visible. hut increased hydrocarbon Levels were found in the water. The
highest percent of oil ingestion was found at this station. The number of

plankton with algae in their guts was also high.

Station 5461: The sample was collected in an area with o0il pancakes on the
surface and the plankton net retained both oll and plankton organisms. Many
of the organisms had oil adhering to their exoskeletons. but it was impossible
to determine whether or not the oil was present befare they were caught in the
net. It was remarkable that the mandibles were often contaminated. HNo oil

was seen as ingested., and very few ordanisms had ingested algae.

Station 5464: The sample was taken in an area with oil pancakes on the sea
surface; however an attempt was made to avoid oil contamination of the
plankton net. Even so. contamination of the plankton after capture cannot be

excluded. About 1| percent of the caopepods were found contaminated wlth ofl



Table 8-6. Occurrence of o0il contamination on dominant plankton groups.

Station Plankton Examined Contaminated Type of Contamination
No. No. % External Ingested
5460  Copepoda 1739 62 4 5 57
5461 Copepoda 2005 N < N 0
5464  Copepoda 1044 11 1 9 2
Parathemisto 19 2 11 1 1
Chaetognatha 715 2 0.3 2 0
*
5473  Copepoda 355 1 0.3 N 1
%
Parathemisto 520 4 0.8 N 4
*

N Many individuals were observed with external contamination. These
were not counted because oil particles were also caught in the net
and the contamination may have occurred after collection.

and two specimens were found with oil in their guts. Of the 19 Parathemisto

in the sample., one was contaminated externally and another internally.

Stations 5469, 5478, and 547 1: These Stations were acquired well to the north
of the oiled area. Mo oil contamination in the gut or on cuticle was found.

Mary of the copepods had algae in thelr guts.

Station 5473: Both oil flakes and plankton were contained in the sample so the

number of externally contaminated specimens was not determined.

No ecil at all was found in the guts of pterapods and only two specimens

of arrow worms were externallu contaminated.

The oil particles found in the guts of the copepods were examined with a

fluorescence microscope but no fluorescence was seen.

0Oil was collected together with plankton in all of the NOARR samples. The
alimentary tracts of individuals that appeared dark were removed. cleared. and
examined to determine whether or not oll had been ingested. No oll was found

in anu of the alimentary tracts examined.
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B8.3.2.3 Dliscussion

The percentage of planktonic organisms affected by oll was small and thus
there was probably no major effect on the plankton pogulation. The percentage
of individuals with oil in thelr guts was smaller than that found at the ARGO
MERCHANT oil spill (Maurer, 1976). The sample collected at the spill site
(Station 546B) was the only one with a high percentage of copepods having oil
in their guts. Furthermore, the samples which had oil collected in the net
did not show a high incidence of copepods with oil in their guts. The number
of Parathemisto lLibellula was generallu low except at station 54732 and the
neuston stations: however. the percentage of individuals which had ingested
oil was higher. This may be the result of differences in the size of the oil

particles availible for consumption.

Parker (19269) found that copepods with small particles of a Bunker-C oil
in their guts did not show signs of distress. Howewver, Llarger oil particles
might cause a blockage of the guts with ratal effects for the indiwvidual
specimens. In cases of both }nternat and external contamination. the growth
and reproduction of individuals. 1if not theilr very survival, mau be affected.
Exoskeleton contamination may inhibit sensitive chemo-receptive pores used for
positioning during reproduction (Fleminger., 1973). Adhesion of oil to
appendages could also interfere with the feeding currents and food handling.
In additinn{ those individuals which were contaminated to the extent that they

could not make guick escape responses would be more vulnerable to predation.

8.4 Summary

Two separate and distinct plankton communities were present in Melville
Bay during the post-spill sampling period. The surface layer was strongly
dominated by the hyperid amphipod Parathemisto Libellula. while the water

column plankton were dominated by the copepod Calanus hyperboreus,

White particles, which were determined to be the remains of dezd copepods
in some cases, were observed floating in lLong streamers in parts of Melville
Bay arter the spill. This phenomona appears to be natural and not relatsd to

the oil spitl.

As evidenced by gas chromatography of selected zooplankto . Lon lewve ' ofF

petroleum hydrocarbons were found in most of the samples includ.:.; tF. -



collected at a reference statlon which should not have been impacted or
exposed by oil from the USNS POTOMAC. This indicates that either tha samples
at the reference station were inaduertently contaminated bu the gear used or

were contaminated by the ADOLF JENSEN cooling water.

Visible oil contamination was ohsarved on 11 percent of the Parathemisto
at one station. Copepod contamination did not exceed 4 percent at anu
station. Ingested oil was the dominant centamination onlu at the spill site
(Station 5468): at the other stations. externat contamination predominated.
The effects of this visible contamination, either internal or externzl., on the
survival or reproductive behavior ls not known. Since only a small portion of
the total zooplankton population of Melville Bay was belleved to he arrected
by the oil spilled from the USNS POTOMAC. there was pirobably no major effect

on the zooplankton population from this spill.
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9.8 MARINE MAMMALS AND SEABIRDS

9.1 Ohservations Of Marine Mammals

Marine mammals were observed from the ADOLF JENSEN by J. Christiansen of
Marin ID. In the area north of Upernavik over the period from August 12 to

28. 43 ringed seals (Pusa hispida), 4 hooded seals (Cystophora cristata), 1

bearded seal (Erignathus barbatus), and 7 unldentified seals were observed.
During two helicopter flights on August 16 cowvering most of Meluille Bay.
scientists from the ADOLF JENSEN observed onty 2 sgals. Or the 43 ringed
seals, 32 were observed in association wlth winter ice and 25 of these 32 were
observed before reaching the spill site while passing through a belt of pack
ice. The remaining 7 were observed amongst and on rotten ice near Thoms Isle
(75°43’N 68°35°W). The other seals were observed in open water. often near .
icebergs. In an oiled area. 4 seals were observed together near an iceberdg.
but nothing unusual was observed about thelr behavior. The sightings of most
of the seals near sea ice rather than In open water was guite normal and
agreed with investigations made in the area two uyears earlier. The small
number of seals observed in the oiled area can be explained by the lack of ice
in the area without recourse to an avoidance behavior of seals for oiled
water. HNo deaths or abnormalities of seals were reported except for some

instances of oil contamination on their skins.

9.2 0il Contamination Or Sealskins

While no seals were captured during the spill response. a local hunter
did report oiled sealskins about one month after the spill. In total. about
25 oiled skins were reported. The skins of 18 seals. all shot or captured in
nets., were delivered to Denmark for analusis (Figure 9-1 and Table 2-1).
Seuen of the seals were heavily contaminated with oil on their backs with
lesser amounts on their necks (seals 1, 2, 4, B8, 9, 11, and 13). Three seals
had spots of oil on their backs or necks (seals 3, 6. and 18). On eight of
the seals it was not possible to either see or smell oil (seals 5, 7. 12, 14,

15. 16, 17, and 18). Ten samples from olled skins and four samples from seals
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Table 9-1 Date and Location of Seal Catchings.

Seal Date Location Position
no.
1 9/29/77 Moriussaq 76°48'N 70°05'W
2 9/15/77 Kuvdlorssuaq 74°34'  57°20"
3 11/23/77 Tasiussaq 73°20' 56°0S'
4 1/26/78 Godhaven (Parry Skar 69°10"' 53°40'
5 - 12 Jan-Feb 78 Upernavik area 72735 56°
13 April 78 Niagornarssuk 68°1S' 52°50"
14 - 18 Mar-Apr 78 Upernavik area 72°35"  56°

with no visible oil were analuzed by the Water Quality Institute to determine
whether or not anu oil origlinated rfrom the USNS POTOMRC spill.

&.2.1 Analytlcal Procedure

The oil was mechanically {solated from the hair and the fat. For one
sample (seal 1), the isolated oil was dissolved in a small volume of CCLl4 and
a few microliters were injected into a gas chromatographic column. For all
other samples, =z cleanup procedure was necesssary to i{salate the hydrocarbons
from {nterfering components. The cleanup procedure was similar to that

described In Chapter 8.3.1.1.
9.2.2 Results

Gas chromatograms were obtai{ned on a SCOT column and a Tew examples are
presented in Figures 2-2 to 9-7. It was not possible to detect petroleum
hydrocarbons on seals 5. 7. 12. or 14 confirming the visual and olractory
examinations. Petroleum hydrocarbons were detected in the extracts made from
seats 1, 2, 3, 4, 6, 8, 9, 1A, and 11.

The compositions of the hudraocarbons from seals | ahd 2 (Figures 9-2 ‘and
9-3) were similar to the composition of the hudrocarbons collected on the sea
surface at the spill site. In these cases it seems probable that the

contamination of these two seals originated from the POTOMAC spill.
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Figure 9-2. Gas chromatogram from seal 1. Heavily oiled on back.
Collected north of Thule, Greenland on September 29, 1977.

|

Figire 9-3. Gas chromatogram from seal 2. Heavily oiled on back.
Collected east of the spill site on September 15, 1977.

The campositions of the hudrocarbons from seals 4 (Figure 9-4), 6, 9, 18

(Figure 3~5). and 13 (Figure 9-8) ware dlfferent from the surface oil samples.

The sharp peaks found i{n the surface oll samples (Figure 5-4) were lacking in

the chromatograms from the seals. This diffarence méﬁ be due to

biodegradation, and it should be considered that thesz peftroleum hydrocarbons

might have originated from the POTOMAC spill.
The missing peaks are also evident in the chromatogram from seal 3

(Figure 9-7). Furthermore, the composition of the hudrccarbons in samples



P

Figure 9-4. Gas chromatogram from seal 3. Spots of oill on neck.
Collected southeast of the spill site on November 23, 1977,

Figure 9-5. Gas chromatogram from seal 4, Heavily oiled on back.
Collected well south of spill site on January 26, 1978.
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Figure 9-6. Gas chromatogram from seal 10. Spots of oil on neck.
Collected southeast of the spill site in January 1978.

e

Figure 9-7. Gas chromatogram from seal 13. Heavily oiled on back.
Collected well south of the spill site in April 1978.



from seal 3 showed more n-alkanes with carbon numbers 2bove 28 than did the
surface oil samples. Some n-alkanes wlith carbon numbers above 20 were also
found in extracts from seals 8 and 11. The presence of these n—-atkanes could
be due to a contamination source other than the POTOMAC. It was not passible
to determine if the other hydrocarbons on these seals came from the POTOMAC
pil spill. because the analutical procedure was not derinitive enough to
distingulsh betuween the'seal contamination and the USNS POTOMAC slick samples.

Histological examinations were conducted on the skin underneath the oiled
areas on some backs of the seals. HNo damage was seen during these
examinations. In controlled experiments with heavily olled seals (Engelhardt,
18783, the only long term effect of oil contamination found was the appearence
of cornea lesions. AlLthough the seals were totally coated with oil during
Engelhardt’s experiment, theuy were completely clean after 6 days in an oil
free environment. The persistent external contamination ar seals from the
West Coast of Greenland after the FOTOMAC oll spill might be attributed to
differences in the composition of the contaminating ofls. ALL the oiled seals
reported were either shot or caught in nets: howewver. it is not certain

whether or not the oitéd seals were more susceptible to capture.

9.3 Seabird Obserwvations

Ohservations of seabirds were routinely conducted from the ADOLF JENSEN.
Yery few birds were observed in the oiled areas during the August study
period. Apart from 3 few flocks of Little Auks (Plotus alle) a2nd Kittiwakes

(Rissa tridactyla), only solitary birds such as Gulls (Larus sp.). Guillemots

(Cepphus grytle), and Fulmars (Fulmarus glacialis) were observed. Some of the

birds were seen floating un the sea surface and observed to take off in areas
where an oil Film covered tha surface: however, no smudged birds were observed
and the birds in the oiled areas behaved identically to those in unoiled
areas. Blrds were not obhserved in direct contact with oil pancakes nor were
any troubled or dead birds observed. Furthermore. observations from

helicopters did not indicate any efrect of the oil on the birds.

Except near birdcliffs, none of which were located {n the vicinity of the
spill, very few birds uwere observed eithier in the spill area or aLong the
cruise track to the south. The stomach contents of 3 single Fulmar. shot in

the spill vicinity, showed no signs of petroleum hydrocarbons with gas
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chromatographic analusis. A young Gull with black legs and breast was
reported on October 2. 1977 at Savigsivik (76° B82'N 65 °@PB'W) (~92 nmi to the
northwest of the spill site). As the vicinity of the spill area is generally

deserted, it is understandable that few oiled blrds were reported.

The spill occurred in a location and season such that no harm to birds
was observed. Howewver., during another season or near birdclifrfs. 3 spill of
the same slze as that of the POTOMARC might have caused extensive damage.

especially when young birds might be leaving their nests.



i8.8 IMPACT ASSESSMENT

18.1 Fate Of The Spilled Oil

On August 6. 1977, approximately 197.@88 U.S. gallons (~388 tons) of
Bunker-C ruel from the USNS POTOMAC was spilied into Melville Bay. Greenland
after a fuel tank was "holed" by a small iceberg. This fuel was a blend of 55
percent pitch (specific gravity 1.854) and 45 percent cutter stock of No. 2
fuel (specific gravity 8.883) which initially remained on the sea surface
because its specific gravity of 9.976 was less than that of the surface
seawater, 1.824. The floating oil was advected to the north and west by the
slow general circulation In the area. Highly variable llight winds tended to |
disperse the oil gver a Llarge area. Based on various measurements, it 1s
estimated that the oil was not advected more than 48 nmi rfrom the spill site.
with the initial direction being north then shifting to the west arter one
week. The traces aof surface oil found in neuston tows during the return to
Thule. Greenland of the USCG icebreaker WESTWIND are bel leved to hauve
originated by continued Light Leakage from the holed fuel tank as the POTOMAC
continued to its destination at Thule. The return path of the WESTWIND was
identical to that orf the POTOMAC so that these samples would have been taken
where the probability of finding ofil from continued Leakage was highest.

During the two weeks following the spill, the composition of the oil on the
sea surface changed through evaporation such that. by Rugust 28, almost all of
the, low boiling point fraction of the cutter stock., components up to n-Ci1?
(boiling polnt 388 C), had disappeared. This evaporative loss amounted ta
about 33 percent of the total spill (35.B808 gallons). It is estimated that a
great part of the remaining oi! (66 percent of the totzl) sank 1,888 m to the
bottom over a large area (~508 sg mi) of Melville Bay., because of the increase
in specific gravity of the oil remaining arfter evaporation. Sinking was
confirmed by the visual ghservation of small flakes (1 cm diameter) within the
water column after August 18. It 1s hupothesized that the flakes wera
orFiginally the skin of gil lenses which, after depletion of the more yplitile

components., wears sloughed off or exfollated from the pancakes.
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By Rugust 28, only small amounts of oil were obhserved on the sea surface
in the spill area. The oll was in the form of small pancakes (maximum
diameter of S cm) which had lLost almost all or the sheen which had surrounded
them earlier. These pancakes were found in windrows sewveral hundred meters
long and a few tens of meters wide with 3 mean spacing of 1 or 2 meters
between pancakes. The total volume of oil in each of these windrows (388 m by
30 m size) was estimated to be about 28 gallons. On August 21 windrows of oil
were sighted at 74°55’'N, 68°12°W from the ADOLF JENSEN. These were the most
southerly cbservations of the oil. Some, If not all, of this oil may hauve
remained on the surface until it blodegraded or moved out af Melville and
Baffin Baus and intc the North Atlantic Ocean. Scattered sightings of ol
were received from the region over the 8 months following the spill. One
sample collected on October 18, 1977. més analuzed by GC and appears to be
identical to the POTOMAC oil. Since Melville Bay should have started freezing
aver by late September, six weeks arfter the spill, whatever oil remained on
the surface would have been trapped into sea ice where 1t might have become
highly visible. Also. the end af the shlpplhg season arrived in early
September., effectively removing the possibility of any subsequent sources of
gspilled oil. Thus it 1s reasonable to assume that any oil sighted dd?ing the

next 9 months came from the one known large spill, that of the USNS POTOMAC.

Low concentrations of USNS POTOMAC oil were found In the water column
with maximum reported concentrations being between 2.5 and 4.9 pph. Oil was

also found adhering to and injested by some zooplankton.

At the low water temperatures of 4 C, there was virtuallu no
biodegradation of the oil over the duration of the major part of the sptil (2
to 3 uweeks) as indicated by microblological studles and chemical analuses

(n-Ci7 - pristine and n-ClB8 ~ phytane ratios).

Despite the high asphaltene content (15 percent). the spilled oil did not
form a water-1n-oil emulsion (mousse). This can probably be attributed to the
simall amount of mixing energy availible (wave helghts were typically less than
38 cm) and to the oil temperature being guite close to the pour point for the

unweathered Bunker-C fuel.

In summary. the fate of the 187.800 gallons (388 tons) of spilled
Bunker-C fuel was that 33 percent (~35,800 gallons) evaporated: the major part

of the remaining ~71.888 gallons seems to have sunk in 1.888 meters of water
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over 2 large area of Melville Bay and 2 small part remzined on the surfrace as
small pancakes (maximum diameter of 5 cm). A very samll amount of the oil was

accommodated into the water column.

18.2 Impact Of The Spilted OiL On Biota

Melville Bay is not 2 highly bioproductive area in terms of fisheries,
although it is important as 2 native sealing area. Analyses of plankton
samples acguired during Danish trawls Indicated that there was cll ingested by
some copepods and amphipods. Four percent of the copepods aft the splll site
(station 5468) were found to be internally contaminated with cil, with lesser
amounts ohserved at other stations. External contamination of glankton was
also observed put, because the nets also collected ofl. it was not possible to
determine whether this contamination occurred hefore or after the plankters
wWere caught. The actual impact of zooplankton contamination is unknowr;
however, the consensus of the concerned risheries biologists is that there i
would be no lasting effect for two reasons: first, the total occurrence of the
contamination was low, with only 4 of 15 stations reporting any occurrence of
internal contamination and second, the contaminatlon was observed only during
two weeks of the more than 12 week ice-free period. As 3 worst-case estimate.

a maximum of B.2 percent af the total seasonal plankton might have been

contaminated.

Floating white particles, some of which were identified as remains of
zooplaniston, were ohserved within windrows in the Melville Bay area. It is
believed that these were a naturally occurring phenomona and not related to
the spillzd oil 3s they were alsoc observed in nonolled areas and had been

reporizil 1n the histocrical Literature.

Therg was oil contamination on the skins of saome seal!s killed by native
hunters arter the gpill incident. Some orf this contaminatinn may have come
firom the USNS POTOMAC. If is improbable that these instances of oil pollution

had anu effect on the health or activities of the seals.

Sea birds were rare in i vicintty of the oll splll. and no noticeahle

Impact was obseruved on the few individuals studied.



13.2 Conclusions

The oil gpitled from the USNS POTOMRC significantly contributed to the

pollution of Melville Bay which normally has very low petroleum hydrocarbon

tevels in its surface waters. This incident probably had no Lasting effact on

the ecologu of the region. [t is estimated that the greatest psrt of the

spilled oil sank to the bottom where it is expected to remain indefinitely.



11.8 SIGNIFICANT SCIENTIFIC FINDINGS

During the course of the USNS POTOMAC spill response and the subsequent
analysis, there were several findings which are worth isolating either because
they were significant with regard to the behavior and rate aof the spilled oil

or were of interest for ecologlical reasons.

11.1 Observations On The Behawior And Fate OFf The Spilled Cil

Significant v 7' were made concerning the sinking aof the ail and the

weathering rates in the Arctic environment,
11.1.1 Sinking af the Oil

In terms of the observed behavior of the ruet spilled from the USNS
POTOMARC. the sinking of the oil was probably the most important. Eleuven days
after the spill, flakes of oll were observed within the water column. These
flakes were from 5 to 18 mm on a side and about | mm thick, resembling sogoy
breakrast cereal flakes. Two possible mechanisms can be hypothesized ror
their origin. Either they were the residual of weathered lentes of once
floating otl or they were pieces of the skin of oll lenses. Sincz the pltch
component of the blended Bunker-C fuel was significantly denser than seawater.
after 73 percent of the cutter stock (33 percent of the orlginal btend) had
evaporated, the density of the residual would be high enough to sink. The
evidence points to exfoliation of the skin., rather than total weathering of
small lenses, as being the origin of the subsurface flakes. Thils euvidence is
indicated by the small size of the subsurface flakes as well as the asphaltene
analyses of the surface oil. Total weathering of lenses should have produced
@2 size range of subsurface flakes which corresponded to the original lens
sizes: however, only small subsurface flakes were ghserved. The asphaltene
analyses are saomewhat anomalous, but they do indicate a dirferential process
as the origin of tha flakes. 1t was observed that the asphaltene content of
the flogating oil remained constant during the first 1S days of weathering.
During this same time period, the Lighter fractions of the cutter stock were
being preferentialiy remouved, presumably by evaporation. To retain the

constant lLevels of asphalteng in the remaining floating oil. the asphal tenes
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woutd have to be removed at a ratec proportional to the Lighter fractions.
Evaporative Llosses of the asphaltenes appeszr unreasconable hacause of thelr
high molecular weight. Howewer. Che asphal tenes may have become enriched in
the surface Layers of the fFloating lenses by a mechanlsm such as
crystallization or preciplitation as the light fractions evaporated. Since the
mobility of the huydrocarbons within the bulk oil 1s Limiting for weathering
processes (a3 opposed to the evaporation ratel), it 1s reasonable to expect
that the surface skin could be rapidly depleted in the Lighter fractions and
become significantly denser than the bulk ofl of sach lens. Giuen surricient
mechanical energy to peel the the skin from the Lens, the =tin shculd pe dense
enocugh to sink. The exfallation process may have b2en augmented by the
plate-like structure of the pitch which fornad the Lo Caponant of the
original blend. The exfollation eaxplanatirn fo.” "he T -igin of the flakes
could have been confirmed if the zasphaltane oatent uf sudsurface rlakes had
been measuyred: however. tho aons TL2k= wnith wes collectzd was too small for
this tupe of anal'sis. AR furbtwer caution le that actual instances of
exfoliation tn the field were ngt observed. But some mechanlsm must deplete
the asphalftents in the Hull, oils a2nd the exrfoliztion of weathared skin., uwhich

is enriclhed i1; ~Pspraliznes, s one wilch appears uviable.,

The sicgnificance af the sinking 1s that the causative process was not
sedimentation but 3 process possibly more complex than simple evaporative
weathering. If the hypothesized exfoliation of Lens skin was the actual
pirocess. then a relatively new sinking process is brought to Light which can
pa?antiallu cause rapid breakup of oll lenses and fpossibly) sinking. The

exfoliation procesg should be inuvestigated further.
11.1.2 Heathering Rates

Duer the course of the eight daus of field obseruvations, 1t was noted
that the sheen surrounding lenses of thick (ca. 6 mm) oil decreased in area
to the point that., by the l14th day after the spill., the sheen was no Longer
visibgle. Chemical anatuses ot the oil ramaining in the floating Lenses
indicated that almost atl of the fractione which had GC retention times (ess
than n-C12 were lost. Also., fractions between n-Ci2 and n-C17 were
supstantially depleted with losses decreasing 3s the carbon numer got Larger.
These Lloss rates were surprising in Light of the cold temperature (4 Cl, Llow

wind speed (maximum of 4 mss: zverage of 2 m7s), and the thickness af the
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lenses. The Loss of sheen at the same time that the Llighter fractlons
vanished suggests that the sheen was composed predominately of these Lighter
fractions. Thus the generation of sheen serves to deplete the bulk oil (thick
lenses) of the tighter fractions by physical fractionation. The increased
surface area of the sheenh, attributable to the lower surface tensions of the

Lighter fractions. would allow for increased evaporative losses.

The maximum concentration of petroleum hydrocarbons actuatlly found within
the water column appeared on August 13, the first day on which water samples
were collected. 1t amounted from 2 to 6 yg/l, depending on the method used

for quantification.

11.2 Blological Findings

Biological findings included the potential for blodegradaticon of the
spilted oil and further information on some aspects of the ecology of Melville

Bay.
11.2.1 Bilodegradatian

Speclific studies using both natural and isolated monocultures of
microorganisms were conducted to investigate the potential for biodegradation
of the spilled gil. From the collected water samples, elight microblological
étralns wefa found which degraded cil. These reprasented less than 1 percent
of the total organisms found. Of these eight, two were round to degrade
pararfins (alkanes) 3t a temperature of 5 C. At these temperatures. no
strains were found which would degrade cycloalkanes or aromatlics. Rs expected
at this low temperature of 5 C, the obseruved dedradation rates were slow as
evidenced by no increase in the total numbers of oll degrading microorganisms
in water samples collected in the oiled area B days apart. The lag period for
cultured growth appeared to be in excess of 8 weeks using Melulille Bay
seawater at 15 C temperature. However., the addition of nutrients (1 g-L af
K2HPO4 and 2 g-L of MH4NO3) induced maore rapid growth st 15 C. With the adde.

nutrients, the Llag period was found to be Less than 2 weeks.
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il1.2.2 Zooplankton

Zooplankton samples collected in Meluille BRY were dominated by copepods
(Calanus huperboreus and C. glaclialis) in trawls integrating the upper water

column from 258 meters to the surface. These two species atso dominated the

Bongo tows taken between S and 28 meters deep. while an amphipod (Parathemiste
lLibellula) dominated the surface neuston tows. Temporal spacing of the
samples precluded more guantitative vertical zonation because of known
migration habits., Ingested oll was found in up to 3 percent of the examined

copepods at any one station and up to 5 percent of the amphipods,

At several locations within Melville Bay, white particles (opague fat
globules) were obgerved in windrows where they had been naturally
concentrated. In some instances these white particles had remains of copepod
tissue associated with them which {dentified their origin. It i{s felt that
these kills were a natural phenomona and not related to the oil spill because

they were found in areas which should not have been affected by any oll from

the USNS POTOMRARC.
11.2.3 Birds and Mammals

Birds and seals were not abundant in Meluille Bay during the Audust field
study period. A few flocks of Auks and Kittiwakes were observed as well 3s a
few solitary Gulle and Fulmars. None were observed to be influenced by the
pil. Fifty-five seals were observed, 43 of which were ringed seals.
Twenty-five of the seals were spotted well south of the spill site. Only 4
seals were seen in the olled area: howaver. no unusual behavior was observed.
Starting in September. 5 weeks after the spill, the first of 29 reports of
ociled sealskins surfaced. ALL of these reports came from native eskimo seal
hunters. Eighteen of the 29 sKins were detivered to Denmark for analuyses.
Ten of the i€ were surficlially contaminated by petroleum nydrocarpons, while
the remaining B were clean. Seven of the contaminated skins may have
contained oil from the USNS POTOMARC, No damage to the skin underneathn oilaod

hair was observed during histological examinatlions.



11.3 Conclusions

While the Bunker-C fuel spill by the UBSNS POTOMRC was 3n unfortunate
accident, the incident did produce zn opportunity to study the behavior and
fate of oil spilled in the Arctic environment. Excellent cooperation among
the operational and scientific persannel from the United States., Greenland.
and Denmark allowed for a comprehensive study of this spill wiich not only led
to 3 better understanding of the fate of oil in the cold marine environment

but also its impact on Arctic marine ecology.
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13.8 APPENDIX

13.1 Marine Agar

Bacto-peptone S g
Bacto-yeast extract 1. g
FeCl3 8.1 g
Nacl 19.45 ]
Naz2s04 3.24 g
Mgcl2 8.8 g
cacClza 1.8 a
KCL 8.55 a
NaHCO03 a.16 g
KBr 0.88 g
SrcL2 .934 ¢
H3BO3 08.822 ¢
Na2sion3 A.n34 g
NaF 8.8824 g
MH4NQ3 A.8816 o
NazHPO4 J.ees g
Bacto-agar 15 g

To rehydrate the medium, suspend 55.1 ¢ in 1,888 miL of distilled
water and heat to dissolve the medium completely. Sterilize in the

autoclave for 15 min at 121 C. PRdjust pH to 7.6.
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NARCL
MgS04, YH20
KCL
KH2P0O4
Nz2HPO4
NH4NO3

- Agar

To rehudrate the medium.

13.2 RAgar Substrate

24.
B.5
6.7
2.8
2.0
1.8

15,

g
n
g
g
g
g
g

suspend 46.2 g in 1,888 mlL of distilled

water and heat to boiling to dissolue the medium completely. Sterilize

for 18 min at 115 C.
18782

Adjust pH to 7.1.

After Colwell

(Mills et al..



13.3 Bunch Substrate tused for MPN method)

NaCl

MgCl2. 6H20

KC L

caclz, 2Hz20

Tris buffer (Sigmay
NH4NO3

K2HPO4

5.53
2.54
a.1
8.37
7.63
1.2
g.1

g a a e a a 9a

Add 1.8 ml chelated solution of metal salts (betow). The compounds

2re dissaiess n 1,888 wl distilled water.

After Bunch and Harland, (1976).

Chelated solution of metal salts

CoCl2.,eH20
CusSo4, SHa0
recCl3, eHen
ZnS04, 7H20
MnS04. H20
NazMoo4, 2H23
E.D.T.R.

2.084 g
8.864 g
1.8 d
8.3 g
a.6 Bl
8,15 ¢
5.0 g

The pH is adjusted to 7.S.

These compounds are dissotved in 1.988 ml distilled water and the

pH adjusted to 7.9.
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13.4 Cotuwetl

NaCl
MgS04, 7H20
KCL

KH2PO4
Na2HPO4
NH4NO3

To rehydrate the medium,

Substrate (used fo MPMN method?

24.
8.5
8.7
2.9
3.8
l.8

a o 9 Q9 a a

suspend 31.2 g In 1,888 mL distilled water

and heat to boiling until the medium is dissolved completely. Sterillze

for 18 min at 115 C.
al. cl978).
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The pH is adjusted to 7.1.

After Mills et
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