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ABSTRACT. The effects of a petroleum slick and chemically dispersed petroleum on bacterial numbers and microheterotrophic activity (uptake,of
glutamic acid by heterotrophic microorganisms) were monitored in the water
column and sediments of selected bays at Cape Hatt, Northwest Territories.
Observations were made between 1980 and 1983 as a component study of the Baffin Island Oil Spill (BIOS) Project. These data were augmented by
measurements of chlorophyll a , particulate and dissolved organic carbon and inorganic nutrients in thewater column, while total organic carbon (TOC)
was measured in the sediments in some years.
Petroleum was released on two occasions in 198 1.In the firstrelease, nondispersed petroleum moved across the surface of test Bay 11 and adhered to
the intertidal sediments at low tide. No significant effects were seen in chemical or microbiological variables measured in 1981 or 1982.
During thesecond release in 198 1 , dispersed petroleum was carried by the current through the water of
test Bays 9 and 10 and into the channel beyond.
Measurements of V
, (maximum velocity) of glutamic acid uptake in watersamples taken in these bays during the release showed a transient decrease
in,,V compared with control Bay 7. Bacterial numbers were unaffected, as werevariables measured in thesediment of test Bays 9 and 10 during and
after the release. I n virro experiments with water samples demonstrated that a combination of petroleum and dispersant or dispersant alone reduced the
V, of glutamic acid uptake to a greaterextent than petroleum alone.
A bay-year analysis of variance between 1981 and 1982 demonstrated that TOC and bacterial numbers increased in the sediments of test Bay 9 over
1981, while the,,V of glutamic acid uptake remained constant. In control Bay 7 and test Bay1 1 , all variables decreased over 198 1 except TOC in Bay
1 1 . In 1983, trends in the sediments of Bay 9 were similar to those of Bay 7.
In test Bay 1 1 , petroleum beached on the intertidal zone in 1981 was observed entering subtidal sediments between 1981 and 1983 and forming a
decreasing gradation of petroleum concentrations from nearshore to offshore areas. TOC increased between 1982 and 1983. Microheterotrophic activity
remained constant in Bay 1 1 , although it decreased in Bays 9 and 7. Bacterial numbers increased in Bay 1 1 but decreased in Bays 9 and 7. It was
concluded that the changes in Bay 9 in 1982 and in Bay11 in 1983 were a consequence of perturbations by petroleum. Effects on the benthic macrofauna
and flora increased the levels of detritus, and hence TOC, in the sediments. This caused changes in bacterial numbers and microheterotrophic activity.
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&SUMÉ. A Cape Hatt, T.N.-O., certaines baies ont ttt choisies pour y mesurer les effets produits par une nappe de p6trole ou du pétrole disperst
chimiquement, sur le nombre de bactkries et l’activitt microhtttrotrophe(incorporationde l’acide glutamique par les microorganismes), dans la colonne
d’eau et les sediments. Les observations ont t t t faites entre 1980 et 1983 dans le cadre d’une des Ctudes constituantes du projet BIOS (Baffin Island Oil
Spill). Les donnks ont t t t compltt&s par des mesures de la chlorophylle a , du carbone organique dissout et particulaire et d’tltments nutritifs
inorganiques dans la colonne d’eau. Certaines anntes, on a aussi mesur6 le carbone organique total (TOC) dans les sediments.
Deux dtversements ont eu lieuen 198 1 . La premiere fois, le gtrole sans dispersant s’est dtplact àlasurface de la baie expérimentale 1 1 pour se fixer
aux sediments de la zone intertidale à marte basse. Aucun effet significatif n’a puêtre observtau niveau des parametres chimiques ou microbiologiques
mesures en 1981 ou 1982.
Lors du deuxième dtversement en1981, le courant a transport6 le mtlange de pétrole et de dispersant ?+ travers les eaux des baies exp6rimentales 9 et 10
et plus loin dans le chenal. Des mesures du V, (vtlocitt maximum) d’incorporation de l’acide glutamique, faites àpartir d’tchantillons d’eau prtlevts
dans ces baies durant le dtversement, ont rtvtlt une diminution temporaire du V, par rapport àcelui mesur6 dans la baie de contr6le 7. Le nombre de
bactéries, ainsi que les parametres m e s d s dans les sddiments des baies exphimentales 9 et 10 pendant et apres le dtversement,n’ont pas varit. Des
exfiriences effectuées in vitro sur des tchantillons d’eau, ont montr6 qu’un mtlange de p6trole et de dispersant ou le dispersant seul, rtduisaient
davantage le V,
d’incorporation de l’acide glutamique que le p6trole seul.
Une analyse de variance baie-annte effectuk sur les donntes de 1981 et 1982 a dtmontr6 que le TOC et le nombre de bacteries ont augment6 par
rapport à l’annte 198 1 dans les stdiments dela baie exp6rimentale9 alors que le,,V d’incorporation de l’acide glutamique est demeurt5 constant. Dans
la baie de contrôle 7 et dansla baie experimentale 1 1 , tous les parambtres, sauf le TOCdans la baie 1 1 , ont diminut comparativementà1’annCe 1981. En
1983, les tendances dans les stdiments de la baie 9 ttaient semblables à celles observees dans la baie 7.
Entre 1981 et 1983, on a pu observer que le gtrole, tchoutsur la zone intertidale de la baie exp6rimentale 1 1 en 1981, phttrait les stdiments de la
zone infratidale et formait un gradient dtcroissant de concentrations de p6trole de la c6te vers lelarge. Dans la baie exp6rimentale 1 1 , le TOC s’est accru
entre 1982 et 1983. L’activitt microhtttrotrophe y est d e m e d e constante bien qu’elle ait diminue dans les baies 9 et 7. Le nombre de bactkries a
augment6 dans la baie 1 1 mais a diminutdans les baies 9 et 7. I1 a Ctt conclu que les variations enregistrtes en1982 dans la baie 9 et en1983 dans labaie
1 1 dsultaient de perturbations caushs par la prt5sence du@role. L e s effets ntfastespour la macrofaune et la flore benthiques ont accru la quantitt de
détritus, donc le TOC dans les stdiments,entraînant ainsi des variations dans le nombre de bacttries et l’activitt microhtttrotrophe.
Mots cles: Arctique, marin, bactkrie, microhtttrotrophe, @trole, ddiment, dtversement de @trole, effets, dispersant
Traduit pour le journal par F. Dugd.
INTRODUCTION

In the marine environment, bacteria andother microheterotrophs
play amajor role in the breakdown of complex
organic material
and in the assimilation and utilization of simple organic molecules. The ability of microheterotrophsto degrade components
of petroleum is welldocumented (Atlas, 1981), as is their
response to an influx of petroleum. Some studieshave addressed

the effects
petroleum
of
or its components onphysiological
the
activities of microheterotrophs(Alexander and Schwarz, 1980;
Bakke ef al., 1982; Bauer and Capone, 1985; Hodson et al.,
1977), particularly in an arctic environment (Griffiths et al.,
198la,b). A growing body ofliterature on effects of petroleum
and petroleum fractions on aquatic microorganisms has generated several reviews on the topic (Atlas, 1985;Baker and
Griffiths, 1984; Pfaender and Buckley, 1984;Vestal et al.,
1984). No studies, however, havemonitored the short-and
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the nearshore Arctic (Snow
et al. , 1987). More detaileddescriptions are available in Sempels (1987), Cretney etal. (1987a,b,c)
and Dickins ( 1987).
During open water, water samples were collected from the
numbered stations in Bays 9,lO and 11 between 1980and 1982.
Because of concern about possible contamination of Bay 10
(control bay) duringthe petroleum releases, Bay 7 was chosen
as an alternative control bayin 1981. Watersampleswere
collected from numbered stations in Bay 7 in 1981 and 1982.
Sediments were collected at allstations between 1981 and 1983
except Bay 10, which was not sampled in 1983.
Esso Resources
A Venezuelan petroleum was obtained from
Canada Ltd. and artificially weathered 8%by volume by
aerating it with an air pump to remove partof the light volatile
fraction (Dickins et al., 1987). Fifteencubicmetres of this
petroleum crude was pumpedonto the surface of Bay 11 on 19
August 1981, near high tide.The release areawas contained by
METHODS
booms, and prevailing winds drove the surface slick onto the
beach
as planned. Petroleum not beached was removed from the
Study Area
water surface by the Canadian Coast Guard. At low tide, the
The study area is seen in Figure 1. It consists of a series of
intertidal zone ofthebeachwithinthecontainedarea
was
bays along the western coast of the Cape Hatt peninsula on
uniformly coated with petroleum from the
release.
northern BaffinIsland. These were chosenas experimental sites
On 27 August, 16 m3 of a mixture (10:1 by volume) of the
because of their similarity, which enabled some to be used as
same petroleum crude and Corexit9527, a chemical dispersant
“controls,” and because released petroleum could be relativelyobtained from Exxon Chemical Co., were discharged from a
easily controlled. They were also considered representative of
dispersion pipe located perpendicularly to the shore and suspended 1 mabove the sediment at the south endof Bay 9. The
petroleum-dispersant mixture moved north through the water
column across Bays 9 and10, including the areas ofstations 6,
5 , 4 and 3, and out into Ragged Channel. Details of the releases
can be found in Dickinset al.(1987).
Sampling Protocol

long-term effects of experimentallyreleased petroleumonmicrobiological parameters in an arctic marine environment.
One of the principal objectives of the Baffin Island Oil Spill
(BIOS) Project (Sergy and Blackall, 1987) wasto compare the
fate and effects of a surface release of petroleum with that of
chemically dispersed petroleum on anearshorearcticarea.
Snow et al. (1987) provide background biological information
on the site of the project and
compare it to other areas. They also
discuss in detail the overall strategy of the biological studiesof
the project andcritically review their experimental design. The
study reported here wasone of the biological components
of the
BIOS Project and determined the short- and long-term effects
of
petroleum releases on bacterial numbers and microheterotrophic
activity in arctic marine waters and sediments. A report of all
chemical data obtained during the years 1981 and 1982 canbe
found in Bunch et al. (1985).

FIG.1. Microbiological stations occupied between 1980and 1983 at Cape Hatt,
N.W.T. Stations were positioned on the map by W.J. Cretney.

Water Column: Water samples fromdepths of 1 , 5 and 10 m
were collected at all microbiology stations using a 5.0 1 Niskin
bottle and hand line. The samples were transferred to 4.0 1
bottlesandtransported
in a sample box to theCapeHatt
laboratory, wheretheywererefrigeratedandprocessedfor
analyses within several hours of collection. Water collections
from all stations in all bays occurred across a two-day period at
intervals ofapproximately one week.Watersampleswere
collected immediately before, during and after the release of
dispersed petroleum. Samples were also collected before and
after the surface release of petroleum.
Sediment: Sediments were collected at all stations by divers
usingmodified 50 ml disposable syringes. Foreachstation
sampled, seven syringes on average were filled with surface
sediments and capped for transportation backto the laboratory.
Upon arrival, they were sorted and left
to settle in a refrigerated
area until processed. The top centimetre of all sediment cores
taken from one station were combined and homogenized in a
sterile Whirlpak bag (Fisher Scientific). With a 50 ml disposable syringe cut off at the end, a 20 ml wet subsample was
measured and suspended in 2 1 of filter-sterilized water taken
from a depth of 10 m. The 1.O% V/v sediment suspensionwas
thenmanually agitated and the suspensionmaintained in a
crushed-ice bath on a magnetic stirrer while being processed.
Remaining homogenized sediments were frozen and later
shipped to Ste-Anne-de-Bellevue for total organic carbon and
dry weight determinations. Sediments were collected from all
stationsduring one or two days at intervals of approximately one
week.
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of potassium persulfate was added and the ampule was flame
sealed. The ampules were then heated to 121°C for 1 h in an
For each of the thawedsediment samples, three 1ml subsamautoclave to effect the wet oxidation of organic carbon.
ples were measured with a modified 3 ml disposable syringe,
For analysis, each ampule was opened as required and the
put into pre-weighed aluminum boats and dried at 60°C in an
contents transferred to a 50 ml disposable syringe, to which 1.O
oven. After 48 h, the samples were transferredinto a desiccator
ml of 2.0 N H2S04 and 30.0 ml of helium were added. The
for a periodof 30 min and weighed.The results wereaveraged.
syringes containing the samples were shakenfor at least5 min.
The evolved carbon dioxide-helium mixturewas injected into a
Temperature and Salinity
Hewlett-Packard 5700A gas chromatograph fitted with a hightemperaturenickel catalytic oven, where the carbon dioxide was
The temperature of watersampleswasmeasuredwitha
catalytically reduced to methane in acontinuousstream of
laboratory mercury thermometer
as soon as they were brought
to
hydrogen. Methanewas quantitated by flame ionizationand the
the surface. Samples for salinity determinations were shipped
to
response recorded on a Hewlett-Packard 3380 recorderthe Arctic Biological Station for analysis. Salinities were measured with a Bissett-Berman model 6230 laboratory salinome- integrator. Values obtained were corrected for sample sizeand
ter. Temperature and salinityof all microbiological water sam- expressed as DOC per litre of sample volume. The analytical
procedure was calibrated with prepared glucosestandards. The
ples were routinely monitored.
limit of detection for DOC was 54.0 pg C.1".
Inorganic Nutrients
Particulate organic carbon (POC) was determined from the
particulate material retainedby the filters used for the filtration
Duplicate samples of 100 ml for nitrate and phosphate deterofDOC samples. Filters containing theparticulatesamples
minations were placed in 125 ml Boston Round bottles. All
were placed in pre-ashed glass ampules with 20.0 mi of presampleswere frozen andshipped to theArcticBiological
pared water containing a known low amount of carbon. The
Station for analysis.
subsequent procedure was identical to that described for DOC
Immediately beforeanalysis, samples were thawed
in a warm
determinations. The limit of detectionfor POC was 20pg C.1-I.
water bath. Reactive phosphate and nitrate analyses were carTotal organic carbon (TOC) determinations in the sediments
riedout in aTechniconAutoanalyzer 11. Theprocedure of
were made following a procedure slightly modified from that
Technicon Industrial Systems (1973) was used for phosphate
used for POC samples. Three 1 ml subsamples of each sediment
determinations. This procedure isessentiallyanautomated
were dried and reduced to powder by means of a pestle and
version of the standard technique described by Strickland and
mortar. Three to 10 mg of the sample powder were addedto a
Parsons (1972). The limit of detection for phosphate was0.02
pre-ashed and tared ampule and the exact weight determined.
pmol.1". An automated method of the United States EnvironAfter the addition of 20.0 ml of prepared water supplemented
mental Protection Agency (1979) involving hydrazine reduction with 0.2 ml of perchloric acid, the subsequent procedure was
was used for determination of reactive nitrate. This procedure
identical to that for POC. Values obtained were corrected for the
was modified to the extent of increasing the concentration of
amount of sediment employed in the analyses, and TOC was
hydrazine phosphate to increase sensitivity. The limit ofdetecexpressed as percent carbon.
tion for nitrate was 0.06 pmol.1".
Dry Weight Determinations

Chlorophyll a
One-litre volumes of sample waterwere filtered through
0.45pm membrane filters (Millipore HAWPO 4700). Filters
were fixed with 1.0 ml of MgC03 and placed in small Petri
dishes, which were wrapped in aluminum foil, frozen and
shipped to the Arctic Biological Station for analysis. Chlorophyll a was determined spectrophotometrically by the standard
method described by Strickland and Parsons(1972). Values of
chlorophyll a were calculated using the equationof Jeffrey and
Humphrey (1975).

Total Counts of Bacteria

Total counts of bacteria in sea water and sediments were
made using procedure
a
slightlymodified from that described
by
Watson et al. (1977).Polycarbonatemembranefilters
(Nucleopore Corp.) of pore size 0.2 pmand 25.0 mm diameter
were prestained in a0.2% solution of irgalan blackin 2.0% V !
acetic acid. The filter was then rinsedin cell-free distilled water
mm glass filter holder (MilliporeCorp.). A
and placed on a.O25
sea wateror sediment suspension sample of 2.0-15.0 ml, fixed
at the time of collection with 0.2% gluteraldehyde, was added
to
a test tube after shaking on a vortex mixer.
Sufficientacridine
Organic Carbon
orange (80%dye content), at a concentration of 0.1 % in 0.02
Water and sediment samples wereanalyzed for organic
mol tris (tris-hydroxymethylaminomethane,
pH 7.2), was added
carbon by a procedure that modified and combined those of
to the sample to yield afinal stain concentrationof 0.02%. After
Menzel and Vaccaro (1 964) and Stainton (1 973). Aliquots
of
2 min, the sample was filtered and rinsed with5 .O ml of cell-free
100 ml of freshly collected water samples were filtered through water. The membrane was then placed on a glass
slide, wetted
pre-ashed (500°C) Whatman GF/C 24 mm glass filters conwith adrop of Cargille Type A immersionoil and covered with a
tained on acid-washed glass filter holders. Filters and filtrates
cover glass. A Zeiss model WL microscope equipped with an
were immediately frozen for subsequent analysis at the Arctic
epifluorescent condenser, a 50 watt mercury lamp, a BG 12
Biological Station.
excitation filter, a No. 50 barrier filter and a No. 500 beam
Dissolved organic carbon (DOC) was determined by measur- splitter was used to view the fluorescing cells. For counting, a
glass
reticule with a10 mm grid was used. A sufficient amount
of sea
ing a20.0 ml aliquot of the thawed filtrate into a pre-ashed
ampule. Inorganic carbon was removed from the sample by
water or sediment suspension was filtered to yield about 100
adding 0.05 ml of perchloric acid andpurging with a streamof
cells per grid field. Ten randomly selected grid fields on each
nitrogen for 10 min. Immediatelyfollowing thegas purge, 0.1 g
sample membrane were counted and the mean value expressed
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as the numberof cells per litre of sea wateror gram dry weight
of
sediment.
Microheterotrophic Activity
An extensive modification of theproceduredescribed by
Harrison et al. (1971)wasemployedthroughoutthis
study.
Waterandsedimentsampleswere
collected, aspreviously
described, and processed immediately. To measure substrate
assimilated and retained microheterotrophs,
by
10.0 ml of water
sample or sediment suspension was added to 14 chilled and
sterile 55 ml screw-cap bottles containing varying amounts of
glutamic acid substrate. Sevenvaryingratios of labelledto
unlabelled glutamic acid were used in these
supplements,yielding duplicate vessels containing total glutamic acid concentrations of 1.O-60.0 pg.1" of sample water to excess
of saturation
and activity of 2.0 or 20.0 pCi.1-'. The specific activity of the
L-['4C(U)]-glutamic acid (New England Nuclear Corp.) was
approximately 293.0 mCi.mmo1". A fifteenth vessel containing 1.O pg.1" of glutamic acid with2.0 pCi.1" of radioactivity
served as a background control for the seven concentrations.
Upon addition of the sea wateror sediment suspensionaliquot,
thereactionvolume of thecontrolvessel was immediately
filtered through a 25.0 mm membrane filter (Millipore Corp.)
withaporesizeof0.45 pmandrinsedtwicewith 15.0mlportions
of cold, filtered sea water. The 14 vessels were incubated at
2.0"C for 9.0 or 18.0 h, depending on the expected magnitude
of
activity. Suspended sediment samples were incubated at2.0"C
for 4 h. Incubation was stopped by simultaneous
filtration of the
14 vessels, followed by cold rinsing. Rinsed membranes were
transferred to scintillation vials containing 1 ml of 2-ethoxyethanol (BDH Chemicals Ltd.).
To measure substrate mineralizedby microheterotrophs, fifteen 50 ml serum bottles werepreparedwithsubstrate and
sample water or sediment suspension as above. Upon addition
of the sample to thecontrol vessel, 0.2 ml of 5.0 N H2SO4 was
immediately addedto reduce the pH of the sample
to below 2.0.
Bottleswerestopperedwithserumcapsfittedwithplastic
reaction wells (KontesGlass Co.). The wells, suspended above
the reactionvolume, contained a fluted wickof two glass filters
(Whatman GF/A-24 mm). After incubation asabove, the reaction in the serum vessels was stopped by the addition of 5.0 N
H2SO4 through the rubber serumcap by means ofa syringe. At
the same time, 0.2 ml ofP-phenethylamine(NewEngland
Nuclear Corp.) was added throughthe cap into the plastic well,
where it was completely absorbed by the wick.The bottles were
then further incubated for 12 h at 4O.O0C, during which time
14C02wasevolved from the sample andabsorbed bythe
phenethylamine-soaked wicks. The bottles were then opened
and wicks were transferredto scintillation vials containing8.0
ml of Aquasol, a scintillationfluor obtained from New England
Nuclear Corp. Scintillation vials were transportedto Ste-Annede-Bellevue. Before counting, 7 ml of Aquasol was added to
scintillation vials containing membrane filters. Countswere
corrected for quench by the method of channel
ratio. Results of
membraneandwick counts werecombined to yield a total
uptake of the glutamic acid substrate. Uptakekineticswere
generated using computer programs.
Where uptake incubations were supplementedby petroleum,
weathered Norman Wells petroleumcrude obtained fromEsso
Resources Canada Ltd. was employed. An open volumeof the
petroleum was maintained ainforced draft at room temperature
until the volume was reducedby 30%.

Theory: Kinetic parameters from the uptakeof the glumatic
acid substrate were calculated from a modifiedMichaelisMenten equation (Dowd and Riggs, 1965):
Dpt = -+(K+S)
-

A
Vmax
Vmax
d
where D p = radioactivity added, d = radioactivity taken up,
t = incubation time in hours, K = an uptake constant, S =
concentration of the natural substrate, V,,
= the maximum
velocityofuptakeand
A = concentration of thesubstrate
added. Plotting
against A yields a straight line wherethe
reciprocal of the slope = Vmm. The maximumvelocity
(V,=), or potential of heterotrophic activity, is the velocity of
uptake at which the substrate saturates the uptake system such
that the velocity can no longer increase. V,
is an indication
of the physiological state of the microheterotrophic florain that
it demonstrates the potential abilityof the flora to usea particular substrate -i.e., its degree of adaptedness to that substrate.
Uptake and assimilation of a radioactive amino acid also
denotes conversion of dissolved organic carbon to particulate
microheterotrophic biomass (i.e., growth and multiplication).
Measurement of released14C02provides anestimate of mineralization of an amino acid substrate to C02 and ammonia.
Statistical Analyses
Kinetic parameters of glutamic acid uptakeand their correlation coefficientswere generatedusing computer programs
develi Montrkal) andJ.N.
oped by D. Burrage (Universitk du Qukbec
Bunch. Multiway analysis of variance (Sokaland Rohlf, 1969)
was employedto study the effects of petroleum and spatial and
temporal variation on bacterial parameters. All variates were
transformed to common logarithms. Unless otherwise stated,
the nullhypothesis (no effect) was rejected when the probability
of its being true was less than 1% (p 0.01).
For the study of 1982variation, data were groupedby bay and
sampling interval and a two-wayanalysis of variance was
carried out. Petroleum effects occurring in 1982 were sought
by
combining data from 1981 and 1982and conducting a two-way
analysis of variance on values grouped bybayand year. A
significant bay-year interaction was interpreted as a potential
indicator of a petroleum-related effect. All statistical analyses
were carried out using either ANOVA or GLM procedures of
the SAScomputer package (SASInstitute Inc., 1985) available
through the McGill University ComputingCentre.
RESULTS

The Water Column
Temperature and Salinity: Temperature and salinity were
measured inthe bays at intervals across the sampling seasons
of
1981 and 1982 in conjunction with microbiological sampling
(Figs. 2 and 3). Values were similar across all bays, including
the intervals d e r the petroleumreleases in 1981. A more
extensive treatmentofthetemperatureandsalinityregimes
during 1980 and 1981 can be found in Buckleyet al. (1987).
In 1981, temperatures varied over a very narrow range from
-0.5 to 5.0"C. A maximum mean differenceof2.3"C was
observed between0 and 10 m during 3-5 August 1981. In 1982,
the maximum mean difference was 3.2"C during9-10 August.
Stratification of the water column by temperature was, therefore, not significant from a biological pointof view.
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4.40

The effect of astorm surge on temperature and salinity is seen
August 198 and
1 a
in Figure 4.Bays 7 and 9 were sampled10on
windstorm followed. The cold, saline water observed in Bays
10 and 11 on 12 August was probably present throughout the
entire study area at this time. A similar event occurred on 4
September. This displacementof water was also evident in other
parameters measured.
Chlorophyll a: In 1981, values of chlorophyll a varied
between 0.32 and 10.16 pg.1". The high values were obtained
during the first sampling interval in mid-July during ice breakup
(Fig. 5). In 1982, ice hadclearedfromthebayswhenthe
sampling season began, and low chlorophyll levels suggested
that the bloom had already occurred. During August and into
September in bothyears, the levelof chlorophyll was relatively
lowand constant across all bays, althoughhigher in 1981.
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1981
Fresh water from melting sea ice and land run-off reduced
salinity in surface waters. All bays were essentially
clear of ice
by late July in bothyears. In 1981, a maximum mean
difference
of 29.05%0 between0 and 10 m was observed
on 17 July. Water
at 10 mshowed little fluctuation insalinitythroughout the
31 31
15
15
15
n 77).
sampling season(seasonalmean of 30.08 f SE 0.13%0; =
JULY
AUGUST
SEPTEMBER
Observations began later in 1982, and themaximummean
difference between 0 and 10 m was smaller (1 1.97%0) than in FIG.5. Two-year comparison of chlorophyll u (Ch a) determined from water
1981. The homogeneous water columns observed on 29-30 Julysamples collected in1981and
1982. Results are presented as meansand
standard errors of values from all bays for each sampling interval.
were attributed to a windstorm on 29 July (Fig. 3).
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was approximately twice as high as in the subsequent years.
Values of particulate organic carbon (POC)varied considerably during the three years, in part due to material resuspended
in
the water column followingwindstorms (Fig. 8). Seasonal
similar, at 1622
means in the three consecutiveyears were very
SE 4 (n= 89), 183 2 SE 5 (n=468) and 162 2 SE 15 pg-1"
(n = 288). Neither variable was affectedby residual petroleum
in the sampling intervals after the petroleum releases.
EfJect of Petroleum on Bacterial Numbers ana' V,, of
Heterotrophic Uptake: Concentrations of petroleum in the water
column following the tworeleases are detailedby Humphrey et
meansofnitratein1981and1982weresimilarat0.16~SE0.02 al. (1987). During the surface release, petroleumdidnot
penetrate the water column beyond 1 m, and concentrations
pmol-1" (n=468) and0.15 SEO.01 pmol.1" (n = 288), while
observed under the slick wereless than 2.0 mg.1" (Humphrey et
phosphate at 0.28 & SE 0.01 pmol.1" (n=466) in 1981 comal., 1987). During the release of dispersed petroleum, concenpared to 0.50 2 SE 0.02 pmo1.I' (n = 288) in 1982. By comtrations measured in themicrobiologicalsamplesaveraged
parison, in May 1982, prior to a bloom of phytoplankton, the
about 5.0 mg-l" away from the dispersion pipe in Bays 9 and 10.
mean concentrations of nitrate andphosphatewere 9.04 k
Humphrey et al. (1987) obtained an average of over 50.0 mg.1"
SE 0.43 pmol.1" (n= 8) and 1.69 & SE 0.12 pmol-1" (n=5)
of petroleum hydrocarbons
from a large number of observations
respectively (unpublished data). Increasedlevels
ofboth
in the water column of Bay 9during the release. By the next day,
phosphateandnitrateinthe
latter part ofbothyearswere
probably due to vertical mixing. Storm surges previously noted concentrations of petroleum had droppedto an average of 0.8
mg.1" and subsequently fell several orders of magnitude as it
also increased nutrient levels.
became dispersed throughout the area.
Dissolved and Particulate Organic Carbon: The level of
Numbers ofbacteria in the waters of the bays before, during
dissolved organic carbon (DOC) was uniform across the bays
and after the petroleum releases in 1981 are seen in Figure 9.
during the sampling seasons of 1981 and 1982(Fig. 7). With a
When sampling commenced in July, total counts of bacterial
seasonal mean of 2.15 2 SE 0.08 mg.1" (n = 90)in 1980, DOC
Exceptions to thisoccurredduringthestorm
surges, where
displacement of the water massesin the bays by offshore water
elevatedthe level of chlorophyll (see Fig. 5, 10-12 August
1981). Where asalinity gradient existed during July
and August
of either year, the greatest concentration of chlorophyll wasat
10 m at the bottom of the water column.
Inorganic Nutrients: During open water, levels of inorganic
nutrients, particularly nitrate, were uniformly low as a consequence of their depletion by phytoplankton growth (Fig. 6).
Values were similar across all bays, including the sampling
intervals after the petroleum releases in 1981. The seasonal
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cells werehigh relative to valuesfound in late Augustand
September, with a mean of 3.9 X lo8 & SE 0.4 X lo8 ce1ls.Z"
(n = 90) recordedin three bays. A maximum was reached in Bay
11 with 6.0 X lo8 2 SE 0.1 X 10' ce1ls.Z" (n= 6 )observed Station
on
12 August. The high values in Bays 10 and 11 on date
that were
probably due to the storm surge
previously mentioned.
Subse1
18
quently, numbers decreased steadily in all bays during the last
half of Augustto a mean of 1.5 X lo8 SE 0.1 X lo8 cel1s.l"
(n=24) recorded between 3 and 5 September. Samples taken
during the last interval indicated a slight increase in all bays,
although cell numbers did not reach levels observed earlier in
the season when sampling started. No significant1differences
were seen between the bays when allowancewas made for the
storm surge on12 August, andno significantbay-interval
interactions were found.
The maximum velocity (V,,,) of glutamic acid uptake by
microheterotrophs in the waters of the bays during the year
of
the petroleum releases is seen in Figure 10. During the first
sampling interval, values of V,, for each of the bays were near
their respective recorded maximum, whichwasreachedon
10-12 August for the four bays. At that time, V,, ranged
between4.2+SEO.4(n=6)and6.5+SE0.2~g.l1.d"(n=6).
Following a subsequent drop in activity in all four bays, V,,
increased to levels similar to those observedearlier in August.
September values were characterized by a slow decline, with

TABLE 1 . Comparison of V,,, of glutamic acid uptake before and
after the surface release of petroleum'
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vmax

(pg.l".d")
08

4.05
3.83

0
5

*

BAY 11
A
B A Y 10
B A Y 9 -----B
B A Y 7..-..

Depth (m)

no.

2.14

10
2

2.15
08 21

0
5
10

4.15
4.13

0

2.03
1.97
3.04

5
10
2

0

3.04
3.43

5

2.35

10

'Watersampleswerecollected at Stations 1 and 2 inBay 11 on 18 and 21
August 1981.

sampling intervals (including 18 August; seeFig. 10)from Bays
7 and 11 were comparedby a three-way analysis of variance,
no
significant interactions were observed forV,,.
Water samples werecollectedfromvariousdepths
in the
water mass containing dispersed petroleum on the day of the
dispersedpetroleum release (27 August) and the day after.
Replicate samples were supplemented with 14C-glutamic acid
and the V,, of uptake determined. These values and concentrations of hydrocarbons in the replicate samples are given in
Table 2. In a three-way analysis of variance between Bays
7 and
9 for the three sampling
intervals of 21 August, 29 Augustand 3
September, no interactions were observed forVm,. When data
from 27 August were substitutedfor Bay 9 data of 29 August,a
significant bay-interval interaction was determined when the
high value of 14.45 from station 6 on 27 August was deleted

'

2~

TABLE 2. Determinations of maximum velocity (Vmm)of glutamic
acid uptake from water samples collected at Cape Hatt on 27 and 28
August 1981'
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Sampling
Depth
Date
velocity(V,,,=) of glutamic acid uptake determined in water location*
198 1.Results are presented as means and standard of
errors
samples collected in
six values from three depths at two stations in each bay. Surface and dispersed 08 21
releases are represented by A and B respectively.
FIG. IO.Maximum

~

~~

~~

~

Fluorometry
Field
V,,
fluorometry
calibration
(m). (mgd")
(wgd".d")
.(m2.l")
-

5
6
14.45 4
0.70 5 4.45
10
10
Discharge1.38
pipe
0.80
43.05
10
17.00
4
Centre Bay 9
67

~

3.13

-

ND

ND

2.10

0.53

-**

193, 238***
0.64

-

measurements equal to about half the seasonal maximum. With
1.09
the first interval of sampling (3-5 August)included in an
11
0.45
3.82
28
08
5
analysis of variance, significant differences in V,, were seen
5 2.19
10
1.10
in the bays. In the absenceof the first sampling interval from the
6
0.69
0.41
9
1.92
analysis, no differences or interactions were observed.
0.40 4 4.49
10
Water collections were made in Bay11 on 18 August as part
4
0.77,
8 0.95 3.51
1.16***
3
0.50
I
4.73
of the second sampling interval. After the surface release of
petroleum in Bay 11 on 19 August, a supplementary collection
'Samples were collectedat various pointsin Bays9 and 10 before, during and
of water samples was made from that bay on 21 August. The
after the dispersed petroleum release. Subsamples were analyzed for hydrocarbons by Seakem Oceanography Ltd.
uptake of glutamic acid was determined in these samples and
rcontrol.
results comparedto those obtainedon 18 August (Table1). On
*Numbers referto microbiology station numbers.
21Augustthemean
of V,,
determinedfromsixdepths
**Not reliable (saturated).
decreased by one-fourth when comparedto the same depths on
***Two determinations.
18 August. When the data from the second, third and fourth
ND (no data)
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from theanalysis. No interactions were observedwhen the data
from 28 August were similarlytreated.
Across the sampling season of 1981, the mineralization of
glutamic acid was measured in replicatesets of samples in the
presence or absenceof 0.1% V/v NormanWellspetroleum
(artificially weathered approximately 30%by volume), 0.01%
V/v Corexit 9527 or a mixture of both. In each instance, the
V,, of mineralization of glutamic acid to COz was derived
(Table 3). In a one-way analysis of variance, no significant
difference was seen in the presence or absence of petroleum,
although changes were observed. In the presence or absence of
Corexit 9527, significant differences were seen in V,
(0.05>p>0.01). In the presence or absence of petroleum and
Corexit, a highly significant difference (pC0.01) was seen. No
significantdifferencewas seen between treatments
of dispersantpetroleum mixture or dispersant alone.
TABLE 3. Mineralization of glutamic acid in the presence of 0.1%
V/v weathered Norman Wellspetroleum crude withand without
Corexit 9527 supplementation'
Vmax*

pg.f'.d'l
Control
Petroleum
Corexit
Petroleum

+ Corexit

1.26 f 0.20
0.79 & 0.24
0.52 -t 0.23
0.35 2 0.07

3.0-I

8

BAY 1 1
9
7

1.0 -

0.5

-

O J

1983

I

1981

I

sediments. Samples werecollected in Bays 11,9 and 7 in 1981, 1982 and 1983.
of values from two
Results are presented as seasonal means and standard errors
stations in each bay.

The surface sediment of Bay 11 gave mean valuesof organic
carbon that were not significantly different in any of the three
years, although the mean increased slightly between 1981and
1983. The difference in year-to-year changes among the bays
did not result in a significant bay-year interaction in the combined data between 1982 and 1983.
The Sediment
In all samples collected after the petroleum releases in 198
1,
the levels of hydrocarbons determinedby Boehm et al. (1987)
Petroleum Concentrations: Concentrations of petroleum in
were too low to affect the observed concentration of TOC. In
the sediments at the microbiology stations before and after the
releases are summarized by Boehmet al. (1987) and a detailed most instances, the observed concentration of hydrocarbon
componentswas below the
limit of detection by the total organic
analysis is presented there. Stations in Bays 7 and 9 showed
carbon procedure.
similar petroleum concentrations, with means ofless than 0.32
Effect of Petroleum on Bacterial Numbers and V,, of
and 4.85 pg-g"respectively. In 1982the mean concentration
in
Heterotrophic Uptake: No significant differences in bacterial
Bay7 was 1.47 fSE0.18 pg.g" (n=6). Withavalueof4.37 f
SE 0.62 Fg-g'' (n = 6), the mean concentration of petroleum in numbers wereseen between stations within abay or in each bay
across each sampling season from 198 1to 1983. The seasonal
Bay 9 was approximately four times higher in
1982 than in
means of Bays 7 , 9 and 11 in each of the three years is presented
1983. Values in 1982, however, were determinedby ultraviolet
in Figure 12. A significantbay-yearinteractionwasseen
fluorescence, a procedure thatyieldscomparativelyhigher
between 1981 and 1982 because the counts in Bay 9 increased
estimates than the gas chromatograph procedure employed in
significantly between the two years, while counts in the other
1983. The data in 1983 (P. Boehm, pers. comm. 1984) sugtwo bays decreased. The bay-year interaction persisted (0.05
gested that petroleum was evenly
distributed in the areas of the
>p>O.Ol) when thedata of 1981and 1983were taken together.
microbiology stations.
No bay-year interaction was found when the data in 1982 and
Total Organic Carbon:In each of the three yearsof sampling
1983were taken together. The mean value in Bay
11, however,
between 1981 and 1983, no significant differences in total
organic carbon (TOC) were seen between stations within a bay increased sli htly, from95.1 X lo7 & SE 7.3 X lo7(n= 13) to
100.9 X 10 f SE 4.6 X lo7 cells.g" (n=6) dry weight of
or in each bay across the sampling season. The seasonal means
sediment, while counts in the other two bays decreased.
of Bays 7 , 9 and 11 for each of the three years
are seen in Figure
Between 1981 and 1983, no significant differences in the
11. In each ofthe years, the seasonal meaninBay7was
maximum velocity (V),
of glutamic acid uptake were seen
consistently higher than in either of the other two bays butwas
between stations withinabay
or in each bayacrosseach
not significantly different between the years, although it
for the three
decreased slightly. The TOC content of surface sediment in Bay sampling season. The seasonal means of V,
years are summarized in Figure 13. Between 1981 and 1982,
9 increased 34% between 1981 (n= 14) and1982 (n= 13), and
this resulted in asignificant bay-year interaction when the
data
V,
was seen to decrease inBays7and
11 butremained
1982and
for the bays in the two years were combined. Between
constantinBay 9. Between 1982 and 1983, Bays7and9
1983, organic carbon declined in the sediment of Bay 9 and the showed similar decreases in V,
and were not significantly
different from each other in the two years. Bay 11, however,
change was not significantlydifferent from the change in Bay7.

9

~

I

1982
YEARS

FIG.I 1. Three-year comparisonof percent total organic carbon (TOC) in surface

'Samples were collected from a depth of 5 m at Stations 3 and 7 at Cape Hatt
duringAugustandSeptember
1981. Subsampleswithoutsupplementation
served as controls.
*Means (and standard errors) of 5 samples.
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areas. The nearshore locationof the microbiology stations
in the
bays contributed to the variabilityof oceanographic data, particularly during storm surges. Observations across three years,
150I.-.-.
in other
however, suggested apattern of biological events found
s
arctic locations. The sampling season began latein 1980, when
x 125sea ice was cleared
from the baysand outer Ragged Channel. In
rn
1981, thiswasrectified by somesamplecollectionsduring
0
breakup in mid-July. The prolonged season of 1981 tended to
c 100c o n f m observations of 1980 and 1982 and certainly suggested
!Z
thatthepetroleum releases didnot affect seasonaloceano75graphic
data, including microbiologicaldata. The releases were
V
considered representative ofreal spills and expectantwater
column hydrocarboncontamination(Dickins et al., 1987; Hum2 50phrey et al., 1987).
That no effects of the petroleum releases were noted in the
25 seasonal data of bacterial numbers and the V,, of glutamic
acid uptake in the water column was not unexpected since the
waters ofthe bays were rapidly flushed
of petroleum after both
0-1
1
I
I
releases. The slight, transient perturbation ofV,, in the water
column during the day of the dispersed release can probably be
FIG. 12. Three-yearcomparison of totalcounts of bacterial cells insurface
attributed to light, toxic fractions of the petroleum that were
sediments. Sampleswere collected in Bays 11.9 and 7 in 1981,1982 and 1983.
held
in the water column by dispersant. Considerable adverse
Results are presented as seasonal means and
standard errorsof values from two
effects were seen in the benthic community at the same time
stations in each bay.
(Cross and Thomson, 1987; Cross et al., 1987a,b). Griffiths et
al. (1981b) experimentally supplemented arctic water samples
with 0.1% V ! fresh crude and noted significant decreases in
BAY 11
9 "the uptake of glucose and glutamic acid. They suggested that
7
their study approximated an actualspill where similar concentrations of water-soluble (i.e., toxic) components of the fresh
petroleum would be in the water column directly adjacent
to the
spill. Hodson et al. (1977) found 15% inhibition of glucose
assimilation in the presenceof 0.8 mg.1" of aqueous extractsof
petroleum. These studies are in agreement with theresult seen
during the dispersed release, where presumably similar toxic
fractions were in the water column
due to the dispersant and the
method of discharge. No perturbation of V,, was observed
after the surface release, butwater-soluble fractions ofthe
petroleum may have been
too low after two daysof evaporation
and some flushing of the bay.
0-I
Alexander and Schwarz (1980) supplemented coastal water
I
I
I
samples from off the coast of Louisiana with 0.1% V ! fresh
1981
1982
1983
petroleum and found little effect on glucose mineralization.
YEARS
They suggested that their results differed from thoseof Hodson
FIG. 13. Three-year comparison of maximum velocity (V,,,=)of glutamic acid
et al. (1977) because of the
different petroleums usedin the two
uptake in surface sediments. Samples were collected in Bays 11, 9 and 7 in
et
al.
(1981b),
on the other hand, suggested
studies.
Griffiths
1981, 1982 and 1983. Results are presented as seasonal means and standard
that Alexander and Schwarz had sampled in chronically
errors of values from two stations in each bay.
hydrocarbon-polluted waters and the heterotrophic flora they
challenged was adapted to the presence of petroleum.
At Cape Hatt, the mineralization of glutamic acid in water
showed a decrease between 1981 and 1982 but remained constant between 1982 and 1983. The difference in changes among samples was notsignificantlyaffected in in vitro experiments by
the addition of0.1% ! V weathered petroleum, althougha
the bays between 1982 and 1983 was seen in the significant
decrease
was observed. The concentration of soluble hydrocar(0.05>p>O.Ol)bay-yearinteractionwhendataforthethreebays
bons in the water samples in these experiments was probably
were combined.
less than concentrations produced during the dispersed release
at the BIOS Project site. Replicate samples, however, were
DISCUSSION
significantly affected by the presence of 0.01% Corexit, as
The baseline oceanographicdata provide a useful description were samples amended with a dispersant-petroleum mixture.
No significant difference was seen betweentreatments of
of the Cape Hatt site and demonstratethe typicality of the site as
et al.
dispersant-petroleummixture and dispersantalone. Whether the
an arctic location. Typicality is fuaher discussed by Snow
(1987), Buckley et al. (1987), Cretney et al. (1987a,b,c) and
decrease in V,, in the samples supplemented with the mixture
Sempels(1987).Snow
et al. (1987)includedbackground
was due to Corexit or to Corexit dispersing the petroleum into
microbiological data of the region and comparisons to other
the water sample is not clear. The petroleum, however, was
175-
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counts and
highly weathered and presumably contained few toxic compo- well as Bays 10 and 11 tended toward decreased total
V,
while in Bay 9, as a result of the dispersed petroleum
nents. A similar effect of Corexit was notedby Griffiths et al.
release, total counts increased and V,
remained at levels
(1981~).Lee et al. (1985), on theother hand, employing initial
concentrationsof 2.0 mg.l" of Corexit in Controlled Ecosystem comparable to 198 1.It is unlikely that the changes observed
in
Enclosures, measured increased uptake of thymidine and gluBays 7, 10 and 11 were due to the petroleum releases. Although
cose by microheterotrophs.This response, which occurred after the sediments of Bay 7 were slightly contaminated with petroleum, the level was the lowest of all four bays (Boehm et al.,
several days, may havebeen due to therelease of organic
1987). Furthermore, the waters overlying the sedimentsof Bays
compounds from phytoplankton exposed to the Corexit. The
10 and 11 and particularly Bay 7 were exposed to petroleum
heterotrophic use ofthese compounds as substrates couldnot be
distinguished from the use of Corexit itself assubstrate.
a
concentrations orders of magnitudelower than those in Bay9.
Bacterial multiplication resulting from petroleum utilization
The effect of Corexit was further evaluated by examining
was probably not responsible for the increase in total counts
other kinetic parameters of glutamic acid uptake in the same
seen in Bay 9. Petroleum did not appear to have been
experiments. V,
significantly decreased approximately twofold, while turnover (the time takenfor all the natural substrate biodegraded in the sediment (Boehm et al., 1987). Neverthein a sample to be consumed) and K S (an affinity constant
less, a lowlevel of biodegradation might not
be detected by the
the concentrationof natural substrate)significantlyincreased by
analytical techniques employed. Using a conservative estimate
tenfold and twofold respectively over the control in samples
of the carbon content of individual bacterial cells (Fuhrmanef
supplemented with Corexit alone. Had V,,
remained
al., 1980), a minimum increase in bacterial biomassof 2.0 pg
unchanged, this could be interpretedas a competitive inhibition Csg" dry weight of sediment in Bay 9 was determined. The
of the uptake of the glutamic acid substrateby a componentof
mean concentration of petroleumin the sediments at the microthe dispersant. This unknown component would necessarily be biology stations of Bay9 was 4.4 & SE 0.6 pg-g" in 1982 and
taken up by cells through the same mechanism that transports
4.9 SE 0.9 pg-g" in 1981 following the dispersed petroleum
glutamic acidacross the cell membrane. Non-competitive inhi- release. A large and measurable amount of petroleum would
bition or the loss of the transport mechanism wassuggested,
not
have to be removed from the sediments inorder to account for
since (K S ) increased significantlyover the control.
the increase in bacterial biomass. If an undetectable amountof
The presumed multiplicity of unknown components
in Corexit
petroleum was utilized, it can only account for a very small
9527 does not facilitate theinterpretation of the data. One
portion of the increase in bacterial carbon.
possibility is that Corexit contains a component, perhaps the
Analysis of variance of valuesof organic carbon from 1981
carrier, that is readily taken up and respired by microheteroand 1982 showed that total organic carbon (TOC) in Bay 9
trophs. This would conceivablyreduce the energy requirements increased significantly between the two years from a meanof
of the assemblage of cells in the sample and therefore decrease
1.7% to a mean of2.3% of sedimentdry weight. This increase
the mineralization of 14C-glutamic acidto measurable 14C02.
may be related to petroleum effects on plants and animals,
during the dispersed release
The observed effect on V,
however limited, that occurred during and following the dismight have been
due to the Corexit inthe water column. Corexit persed petroleum release (Cross and Thomson, 1987; Cross ef
could not be
quantitated in water samplestaken onthe day of the
al., 1987a,b). Bacterial biomass, uptake of glutamic acid and
dispersed release but presumably was present at one-tenth or
TOC were not immediately affected following the release. After
less of the concentrations of hydrocarbons (this being the
ratio
a period of time, however, organic carbon produced by scavof dispersant to petroleum released). A maximum concentration enging and decomposition would enter the sediment. Bacterial
of Corexit in the water column, therefore, would have been
activity and production would tend
to respond to this increase in
approximately three orders of magnitude less than the suppleorganic carbon, yielding the results observed in Bay9.
ments used in the experimental studies, and this concentration
The trends inBay 9 in 1982 werenotseenin
1983. A
can probably be discounted. Nevertheless,future studies involvof glusignificant bay-year interaction was seen in the V,
ing controlled releases should consider dispersant alone as a
tamic acid uptake when the 1982 and 1983 data for Bays 7,9 and
control.
11 were taken together. The activity of microheterotrophs in
The releases of petroleum at Cape Hatt demonstrated that a
Bay 11 was greater than in the other two bays and did not
surface slick of petroleum or the dispersion of a slick into the
decrease in 1983 over 1982, as did the other bays. Although
water column would be inconsequential or marginally deleterisignificant interactions werenot found, the mean levels of
ous to bacterial numbers or the microheterotrophic uptake of
organic carbon in the sediment of Bay 11 increased over 1982,
glutamic acid. After two yearsof observationsof the sediment,
as P d mean numbers of
bacteria. These data tend to suggest that
the effect of petroleum on the sediment would appear to be
a petroleumeffect may beoccurring in Bay1 1as a consequence
indirect and long term. No immediate effects were observed.
of stranded petroleum entering the sediments.
Very little petroleum entered the sediment of Bay 9 from the
There have been few in situ studies of the long-term effects of
dispersed release. Petroleum beachedon the intertidal zone after petroleum on bacterial biomass and activity in marine sedithe surface release was transported by physical processes into
ments. Griffiths et al. (1981a) noted a depression of glutamic
subtidal sediments of Bay 11 during the open-water seasons
acid uptake and a decrease in bacterial biomass in petroleumat the
(Owens et al., 1987). Concentrationsofpetroleum
contaminated sediments, although depression of glutamic acid
microbiology stations (1 and 2) in this bay, however, remained
uptakewas less drastic andsometimesinsignificant at low
low, even two years later in 1983 (Boehm et al., 1987).
concentrations of petroleum or when the petroleum had been
Significantbay-year interactionsin the analysis of variance of
artificially weathered. The concentrations of petroleum used,
both V,
of glutamic aciduptakeandtotal
counts inthe
0.1 to 50 ppt (V!), were much higher than those encountered at
sediments suggest a possible long-term effect of the dispersed
Cape Hatt. Bakke et al. (1982), in an in situ study of marine
petroleum release. Between 1981 and 1982, thecontrol Bay 7 as
sediments off the coast of Norway, noted no significant differ-
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BAUER, J.E., and CAPONE, D.G. 1985. Effects of four aromatic organic
encesintotal counts or glucose uptakebetweensediments
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experimental releases
of oil and dispersed onoilarctic nearshore macrobenthos.
variations in the biomass of the
flora and fauna are discussed
by
11. Epibenthos. Arctic 40 (Supp. 1):201-210.
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111.
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It can nevertheless be speculated that in subsequent years, as
DICKINS. D.F. 1987. Ice conditions at Cape Hatt, Baffin Island. Arctic 40
stranded petroleum continues to enter subtidal sediments, the
(supp. i):34-41.
sediments of Bay11 will show high levels of TOC and concomi-.
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