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We collected and analyzed samples of sediments and mussels
(Mytilus trossulus) for alkane and aromatic hydrocarbons from
eight sampling stations adjacent to the oil tanker vessel
transportation corridor through Prince William Sound, Alaska,
during the period from 1977 to 1980, to determine baselines prior
to the start of oil tanker movement through the Sound. We‘
evaluated interannual variability of these analytes using a two-
factor analysis of variance of logarithm-transformed hydrocarbon
concentrations determined in duplicate samples collected in June
1977 and in June 1978 at six of the stations. Intra-annual
variability was evaluated using analyses of duplicate samples
collected in May, June, and August 1978 at seven of the stations.
In addition, total organic carbon and grain size distribution was
determined in the sediment samples, the lipid content was
determined in the mussel samples, and the surface seawater
temperature and salinity was determined for each sampling
station.

The hydrocarbon analyses indicated chronic, low-level
hydrocarbon contamination that probably originates from small
fuel spills, ballast water discharges, and fuel-combustion
exhaust emissions of occasional vessel activity adjacent to three
of the sampling stations: Constantine Harbor, Rocky Bay, and
Mineral Flats, in decreasing order of contamination,
respectively. Sediments at these three stations were
contaminated by aromatic hydrocarbons found at concentrations
that were generally less than 10 ng/g dry sediment weight, but
above detectable limits (< 1.0 ng/g). In contrast, the remaining
five stations showed no indication of petroleum hydrocarbon
contamination, primarily because detected aromatic hydrocarbons
were present only sporadically and at concentrations that were
generally near detection limits. Both perylene, which was found
at concentrations well above detection limits at all stations
outside Port Valdez, and phenanthrene, which was also found
sporadically at all sampling stations may have natural sources.
Concentrations of aromatic hydrocarbons were frequently too low
at most of the sampling stations to allow evaluation of intra-
and interannual variability.

Concentrations of individual n-alkanes varied substantially
in sediments and in mussels. The most abundant n-alkanes in
sediments included normal alkanes with an odd number of carbon
atoms and a molecular weight greater than tetradecane (C-14).
Concentrations of these n-alkanes were generally in the range of
10 to 100 ng/g dry sediment weight and exceeded 1,000 ng/g at
Constantine Harbor. The most abundant n-alkanes in mussels
included decane (C-10) through heptadecane (C-17), and pristane,
at concentrations generally ranging from 10 to over 1,000 ng/g
dry tissue weight.
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Sources of alkanes in sediments included terrigenous plant
waxes, marine plankton, and possibly marine macrophytic algae at
all the stations; petroleum-derived alkanes were also found at
Constantine Harbor. Terrigenous plant waxes in sediments were
indicated by high abundances of odd-numbered carbon n-alkanes of
molecular weight greater than nonadecane (C-19) compared with
even-numbered carbon n-alkanes in these sediments, and by slight
but significant intra-annual variability of these odd-numbered
carbon alkanes in sediments, which probably arose from seasonal
deposition of senescent leaves. Marine planktonic and algal
sources of pristane and normal alkanes were indicated by the
presence of these alkanes in sediments and in mussels, and by the
relatively high abundances of pristane; pentadecane (C-15), and
heptadecane (C-17) in sediments and in mussels.

The concentrations of pristane, pentadecane (C-15), and
heptadecane (C-17) varied significantly in sediments, in mussels,
or in both, intra-annually or interannually. Pristane
variability in sediments and in mussels was significantly
correlated and was probably due to variability of populations of
calanoid copepods in Prince William Sound. Neither pentadecane
variability nor heptadecane variability were correlated in
sediments and mussels, suggesting multiple biological sources of
these alkanes.

These results indicate that, except in areas affected by
localized vessel traffic, intertidal sediments and mussels in
Prince William Sound were remarkably free of petroleum-
contaminant hydrocarbons during the period of this study. The
hydrocarbons found in sediments and mussels unaffected by vessel
traffic can be adequately explained by known, natural sources.
As a result, sediments and mussels contaminated by crude oil from
the Exxon Valdez oil spill should be particularly apparent due to
the general absence of other confounding sources of petroleum
hydrocarbons.
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INTRODUCTION

The oil spill that resulted from the March 1989 grounding of
the oil tanker vessel Exxon Valdez provides a unique opportunity
for the study of marine oil pollution effects because the spilled
crude oil polluted a large geographic area that was previously
considered pristine. Large-marine oil spills more commonly occur
along well established tanker routes that are already measurably
polluted by oil, where the effects of a particular oil spill are
confounded with effects of prior spills or of chronic oil
pollution sources. In contrast, the Exxon Valdez oil spill is

  the only large spill along a recently established major oil
tanker route, so the fate and effects of the spilled oil should
be more clearly discernable.

The only sources of confounding hydrocarbons in the areas of
Prince William Sound, Alaska, impacted by the spill are naturally
occurring hydrocarbons and anthropogenic hydrocarbons from
occasional boating activity in the Sound or due to long-range
atmospheric transport. Naturally occurring hydrocarbons may
include: alkane hydrocarbons produced from terrigenous and marine
biological sources such as plant waxes (Kolattukudy 1976;
Eglinton et al. 1962) and phytoplankton (Blumer et al. 1971;
Clark and Blumer 19,67); polynuclear aromatic hydrocarbons (PAHs)
generated by forest fires (Hites 1981; Farrington et al. 1977;
Youngblood and Blumer 1975) and subsequently precipitated into
the drainage basin of the Sound; perylene produced from
unidentified but probably natural sources (Venkatesan 1988, and
citations therein); and aliphatic and aromatic hydrocarbons
originating from natural oil seeps. Anthropogenic hydrocarbons
in the Sound can result from chronic small spills of fossil fuels
associated with boating and shipping directly into seawater, and
from fossil fuel combustion products subsequently precipitated
that originate from boating and shipping, or from distant
industrial centers (Lake et al. 1979; Lunde and Bjorseth 1977).

We sampled intertidal sediments and tissues of mussels
Mytilus trossulus in Prince William Sound during a 4-year, period
beginning in 1977 to establish the levels and variability of
hydrocarbons in these matrixes prior to any large-scale pollution
'events. The likelihood of such large-scale pollution events
within the Sound increased substantially in, July 1977 with the
large volume of crude oil transported after the opening of the
trans-Alaska oil pipeline, which connects the Prudhoe Bay oil
field with a tanker terminal at Valdez, Alaska.

Our specific objectives were to determine the levels, intra-
annual variability, and interannual variability of selected
alkane hydrocarbons and PAHs in intertidal sediments and in
M. trossulus tissues at a network of sampling stations over the
I-year sampling period, and if possible to identify the likely
sources of hydrocarbons found. We chose sediments and mussels to
facilitate comparison with the large body of data on hydrocarbons
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in these two matrixes in the literature. We present our results
now to facilitate evaluation of hydrocarbon analyses of these
matrixes in Prince William Sound conducted in the aftermath of
the Exxon Valdez oil spill.

MATERIALS AND METHODS

Sampling Stations

Prince William Sound is one of North America's largest tidal
estuary systems occupying about 6,500 km on the southern coast
of Alaska. There is a mean precipitation of 4.6 m at some
locations (Arctic Environmental Information and Data Center 1977)
which is sufficient enough to depress salinities within the Sound
and influence adjacent oceanic currents. The prevailing ocean
current enters the Sound through Hinchinbrook Entrance in the
south-central part of the Sound and exits mainly through Montague
Strait in the southwest (Galt et al. 1991).

Intertidal sediment and mussel samples were collected from
four to eight stations in Prince William Sound, Alaska, during
the period May 1977 to August 1980. The latitude, longitude, and
collection dates for each station are listed in Table 1, where
the station numbers correspond with those in Figure 1, and where
entries for sediment temperature and seawater salinity in Table 1
indicate samples were collected. The eight sampling stations
bracket the oil tanker route inside Prince William Sound to the
Alaska pipeline terminal in Port Valdez (Fig. 1). The eight
stations were not all sampled prior to the June 1978 sampling.

The sampling stations are subject to dissimilar
environmental influences. Two stations, Dayville Flats and
Mineral Flats, are located inside Port Valdez near the oil tanker
terminal and the city of Valdez, Alaska, respectively (Fig. 1).
The surface waters of Port Valdez receive sufficient fresh water
from direct precipitation and glacial melt-water to depress
salinities substantially, particularly in late summer (Table 1,).
In addition, the glacial melt-water bears a high sediment load
that is deposited in the Port. Although remote from human
activity, the station at Siwash Bay is similarly affected by
fresh and glacier melt-water. The other stations are not
directly exposed to glacial melt-water.

The stations at Constantine Harbor and at Rocky Bay are
exposed to the effects of occasional vessel traffic. Constantine
Harbor was the site of an early Russian settlement, and more
recently has been used as a port of refuge for vessels seeking



Table l.--Sample station locations, sampling dates, salinities and temperatures. Salinities (%) and temperatures (°C) are given for each sediment and
mussel sample collection date at each sampling station. Missing values for salinity and temperature indicate no samples collected. M=
measurement not taken. The sample station numbers refer to those in Figure 1.

1977 1978 1979 1980

*Mussels only collected



Figure l.--Maps of the study area and of the sampling stations
within the study area. The sample station numbers on
these maps are those listed in Table 1.
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shelter from the frequent storms in the Gulf of Alaska. Although
an excellent harbor, it is very poorly flushed due to its shape.
Rocky Bay is fished commercially for several species, resulting
in occasionally dense vessel traffic.

The stations at Bligh Island, Naked Island, and Olsen Bay
are rarely exposed to human activities and are exposed to similar
oceanographic conditions that are typical of most of the Sound.

Sample Collection

Sediment collection transect lines (30 m) were located
parallel to the water line from the -0.75 m to +0.75 m tide
levels. Sediment cores were collected using a rinsed,
hydrocarbon-free stainless steel cookie cutter. Sediment samples
were collected in triplicate at each site by compositing 10 cores
(diameter 3.2 cm x depth 1.25 cm) taken at random along the 30-m
transect for each sample. Composite sediments were placed in
dichloromethane-rinsed glass jars and were frozen within 2-3
hours of collection.

Mussel collection transects were located in mussel bands
parallel to the water line, usually just above the sediment
transects (-+l m tide level). Mussel samples were collected in
triplicate by taking approximately 30 2-5 cm mussels (enough to
produce ≥ 10 g tissue) at random along the 30-m transect. The
collected mussel samples were placed into dichloromethane-rinsed
glass jars and were frozen within 2-3 hours of collection.

S e d i m e n t        - Physical Measurements

Total organic carbon was determined by the method of Jackson
(1958). Sediment grain size distribution was determined using
standard sieves and pipetting methods (Krumbein and Pettijohn
1938). Sediment dry weight was determined gravimetrically by
measuring the weight lost after drying for 24 hours at 100°C.

Mussel Tissue - Dry Weight and Lipid Determination

Mussel tissue dry weight was determined gravimetrically by
measuring the weight lost after drying for 24 hours at 120°C.
Percent lipid of the tissue was determined by the method of
Hanson and Olley (1963) and is reported on a dry weight basis.

Chemical Analysis

Sediment and mussel tissue samples were analyzed for normal
alkanes having 10 to 30 carbon atoms (C-10 to C-30), pristane,
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phytane, and the PAHs listed in Table 2. Pristane and phytane
refer to 2,6,10,14-tetramethylpentadecane and 2,6,10,14-
tetramethylhexadecane, respectively. Concentrations are reported
as ng/g dry weight. Not more than two samples were analyzed from
any triplicate of samples collected.

Sediment and mussel tissue samples were processed for
analysis in batches consisting of 8-10 samples, a reagent blank,
and a spiked reagent blank. The alkane dodecylcyclohexane (DCH)
was added to the samples and to the spiked blank, but not to the
reagent blank, to verify recovery of alkane analytes. An aliquot
of the hydrocarbons listed in Table 2 was added to the spiked
blank to estimate losses during analysis. The samples, reagent
blank, and spiked blank were processed identically.

Extraction Procedure

Hydrocarbons in sediment samples were extracted using a
ball-mill tumbler extraction procedure described fully in Brown
et al. (1980). An aliquot of DCH was added to a 100 g wet
sediment sample, which was subsequently dewatered by swirling the
sample with two successive aliquots of 50 ml methanol per aliquot
in a 1 L bottle. The two methanol aliquots were then decanted
and combined in a 600 ml beaker, and 100 ml of 2:l
dichloromethane: methanol was added to the bottle containing the
sediment sample. The bottle was sealed with a Teflon-lined
screwcap and rolled on a ball-mill tumbler for 16 hours
(overnight). The extract was decanted into the 600 ml beaker
containing the methanolic extracts, together with 5 ml
dichloromethane used to rinse the sample and bottle. The
dichloromethane-methanol sediment extraction step was repeated
twice, first for 6 hours, then for 16 hours, with 100 ml each
time.

The combined extracts were filtered through a coarse
fritted-glass filter into a 1 L separatory funnel and extracted
with 500 ml distilled water to remove methanol. The aqueous
phase was separated and back-extracted with 20 ml
dichloromethane, and the dichloromethane phases were combined and
filtered through a 19 mm id chromatography column containing
20 ml of activated silica gel covered with a 1 cm layer of sand.
The dichloromethane filtrate and rinses were concentrated and
exchanged into 2 ml of hexane under reflux.

Hydrocarbons in whole mussel tissue were extracted using a
procedure described fully by Brown et al.. (1979). Whole tissues
from samples of mussels were mechanically homogenized for at
least 30 seconds. A 10 g aliquot of the homogenate was combined
with 6 ml of 4 N sodium hydroxide in a 40 ml centrifuge tube
capped with a Teflon-lined screw cap, shaken for 1 minute, and
digested at 30°C for 18 hours. A 15 ml aliquot of diethyl ether
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Table 2.--Identities and abbreviations of alkane and aromatic hydrocarbon
analytes determined in sediment and in mussel tissue samples of
this study.
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was added to the centrifuge tube after it had cooled to room
temperature, and the re-capped tubes were shaken for 1 minute and
centrifuged for 10 minutes. The ether phase was transferred to a
30 ml bottle, and the sample was re-extracted with 10 ml of
diethyl ether. The combined ether extracts were dried with 0.5 g
sodium sulfate, transferred to a concentrator tube, then
concentrated and exchanged into 2 ml of hexane under reflux.

Fractionation Into Hydrocarbon Classes

Alkane and aromatic hydrocarbons were separated by column
liquid chromatography using silica gel. The silica gel (Davison
grade 923) was 100-200 mesh activated at 150°C for 24 hours. The
chromatography column was packed with 7 g silica gel covered with
a 1 cm layer of sand in dichloromethane, and then washed with
40 ml of petroleum ether. The sample in 2 ml hexane was loaded
onto the top of the column and eluted with 15 ml petroleum ether,
then 3 ml 1:4 dichloromethane:petroleum ether, then 25 ml 2:3
dichloromethane:petroleum ether. The first 18 ml of eluate
collected contained the alkane analytes, and the next 25 ml of
eluate contained the aromatic analytes. Elemental sulfur was
removed from these eluates with copper metal that was activated
through rinsing with concentrated hydrochloric acid, then
methanol. The eluates were prepared for analysis by gas
chromatography (GC) by concentration to 0.7 ml under reflux,
addition of 1.0 ml internal standard (4 ng/ul hexamethylbenzene
(HMB) in hexane), and re-concentration to 0.7 - 1.0 ml.

Gas Chromatography

The alkane and aromatic hydrocarbon extract fractions were
analyzed using GC with a hydrogen flame ionization detector (FID)
to measure each analyte. The GC instrument conditions were the
same for the alkanes and aromatics. The GC analysis was
performed on a Hewlett-Packard model 5840A gas chromatograph
equipped with a 30 m long by 0.25 mm id glass capillary column
coated with a dimethylsiloxane polymer (SE-30). A 2 ul aliquot
of sample was injected into the injection port operated in the
splitless mode at 280°C. The split valve was opened after 0.3
minutes. The carrier gas was helium, the initial column
temperature was 40°C for 5 minutes, but then was raised at a rate
of 4°/minute to 270°C. The detector was operated at 300°C and
used nitrogen make-up gas. Analyte peak area response was
determined using an electronic integrator.

Hydrocarbon analyte, concentrations in the extracts injected
into the GC were determined by comparison of the ratio of analyte
FID response and internal standard (HMB) FID response for a
sample with the same ratio for a hydrocarbon standard. The
concentration of hydrocarbon analyte in the original sample was
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calculated as the ratio of the amount of analyte present in the
original sample and the equivalent dry weight of the sample. The
equivalent dry weight of a sample is the product of the sample
wet weight and the ratio of wet and dry weights of that sample,
which were determined using a 10-20 g subsample for sediments and
a 3 g subsample for mussel tissue homogenates.

Detection limits were estimated on the basis of the minimum
measurable instrument response, response factors for standards,
and sample dry weight. These estimates of detection limit
concentrations are indicated by the preceding symbol "<" for each
analyte not detected in each sample in Tables A-l through A-4 in
the Appendix.

Confirmation of Aromatic Hydrocarbon Analyte Identities by Gas
Chromatography/Mass Spectrometry

The identity of aromatic hydrocarbons detected and measured
by GC/FID were confirmed by GC/MS analysis in each sample matrix
at each sample station.

Data Analysis

Intra-annual trends of selected alkane analytes were
evaluated using a two-factor analysis of variance (ANOVA), where
factors included seven sample stations and the three sample
collection periods listed in Table 1 for 1978. Data from 1978
were evaluated because more of the sample stations were sampled
and analyzed in duplicate than in other years, resulting in a
balanced ANOVA with maximum power. The sample station not
included for the ANOVA was the Mineral Flats station in Port
Valdez, which was not sampled in May of 1978. The analytes
selected for evaluation included: pristane, phytane, and the
normal alkanes from C-12 through C-31 in sediments; pristane and
the normal alkanes from C-12 through C-17 in mussels were also
included. The remaining alkane analytes and all the aromatic
analytes in both sediments and mussels were only sporadically
above detection limits, precluding evaluation by ANOVA.

Interannual trends of selected alkane analytes were
evaluated using a two-factor ANOVA, where factors included six
sample stations and two sample collection periods: June 1977 and
June 1978. Data from June of these years were evaluated because
more of the sample stations were sampled and analyzed in
duplicate than the other months, resulting in a balanced ANOVA
with maximum power. The sample stations not included for the
ANOVA were the Olsen Bay station and the Mineral Flats station in
Port Valdez, which were not sampled in June of 1977. The
analytes selected for evaluation included: pristane, phytane, C-
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15, and the normal alkanes from C-17 through C-31 in sediments;
pristane and the normal alkanes from C-12 through C-17 in mussels
were also included. The remaining alkane analytes and all the
aromatic analytes in both sediments and mussels were only
sporadically above detection limits, precluding evaluation by
ANOVA.

The association of an alkane analyte in sediments with
mussel tissues was evaluated using the Pearson product-moment
correlation coefficient. Data from all the sampling stations and
from all the sampling dates were included for the correlation
coefficient calculations. Correlation coefficients were
determined for C-15, C-17, and pristane because these were the
only three hydrocarbon analytes consistently present in both
sediments and mussels.

The original alkane concentrations, c, were transformed as
ln(c + 1), and the correlation coefficients and the ANOVAs were
calculated using the transformed values.

RESULTS

The concentrations of alkane and of aromatic hydrocarbon
analytes found in sediments and mussels are listed in Tables A-l
through A-4 of the Appendix. The percent total organic carbon
(TOC) is also listed in Table A-l for each sediment sample where
determined, and the percent lipid is also listed in Table A-2 for
each mussel sample where determined. The sediment grain size
distribution is listed in Table A-5 for each sediment sample
where determined. Percent TOC, percent lipid, and sediment grain
size are presented in these tables to facilitate comparison with
future work. Following is a summary and statistical
evaluation of the hydrocarbon results listed in these tables.

I. Alkanes

A. Sediments

Mean concentrations of individual alkane analytes were
generally on the order of 1 to 10 ng/g dry sediment, ranging up
to about 100 ng/g, at all sites except Constantine Harbor
(Fig. 2). Mean alkane concentrations were consistently elevated
by a factor of about 5 or more at Constantine Harbor compared
with the other sites (Fig. 2). These mean concentrations are
averages of sample duplicates and of all sampling periods.

Sediments at Constantine Harbor contained numerous
unidentified alkane hydrocarbons compared with sediments at the
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other sampling stations. Representative chromatograms of alkanes
in sediment samples at Constantine Harbor, Dayville Flats, and
Olsen Bay in June 1978 are presented in Figure 3. Note the
presence of numerous unidentified peaks in the Constantine Harbor
chromatogram that are generally absent in the Dayville Flats and
Olsen Bay chromatograms of Figure 3. Constantine Harbor is the
only sampling station where these unidentified peaks are
typically present.

Concentrations of normal alkanes having an odd number of
carbon atoms generally predominate over adjacent even-numbered
alkanes at all eight sites, with exceptions in the C-10 to C-14
range of the normal alkanes (Fig. 2). The sum of the mean
concentrations of odd C-15 thru C-31 account for 71 - 89%,
depending on the site, of the sum of the mean concentrations of
all the alkanes, with maxima at C-15 to C-19 and at C-27 to C-31.

Pristane and phytane are relatively minor constituents of
alkanes in sediments. Mean pristane concentrations were highest
at Naked Island, Constantine Harbor, and Rocky Bay, with mean
concentrations of 43.6 ng/g, 42.6 ng/g, and 24.4 ng/g,
respectively. However, even at these three stations, the mean
pristane concentration was less than 8% of the sum of the mean
concentrations of all the alkanes at the respective stations.
Phytane concentrations were consistently highest at Constantine
Harbor at a mean concentration of 9.07 ng/g; mean phytane
concentrations at the other stations range from 1.04 to
3.43 ng/g.

Intra-annual Variation - Sediments

In 1978, the sampling period was at least a highly
significant factor (P < 0.01) for six alkane analytes, based on
the intra-annual two-factor ANOVAs (Table 3). The ANOVA
interaction term was not significant for two of these alkanes,
pristane and C-20, indicating uniform changes of these two
alkanes across the sampled stations. These two alkanes were
consistently lower in August 1978 than in May 1978 at each
sampled station (Table 4). The ANOVA interaction term was
significant for the other four alkanes, C-13, C-14, C-16, and
C-18, (Table 3), indicating station-specific significant changes
of these alkanes. These four alkanes increased from May 1978 to
August 1978 at Bligh Island and at Siwash Bay, but decreased
during this same period at the other sampled stations (Table 4).

Sampling period is a significant factor (P < 0.05) for eight
other alkane analytes at stations sampled in 1978, and the ANOVA
interaction term is either not significant or is marginally
significant (P -0.05) for these analytes (Table 3). These
alkanes include phytane, C-19, C-21, C-22, C-24, C-27, C-29, and
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Table 3 .--Summary analysis of variance table for intra-annual variation of
logarithmically transformed alkane concentrations in sediments
during 1978 at seven sampling stations. The excluded station is
Mineral Flats because it was not sampled in May 1978. The two-
factor ANOVA includes 1978 sampling period and sampling stations as
the two factore, and is performed for each alkane analyte listed
below independently. Also listed for each alkane analyte below are
the ANOVA F-ratios of the sampling period mean square (df = 2) and
the error mean square (df = 21), the sampling station mean square
(df = 6) and the error mean square, and the interaction mean square
of sampling periods and sampling stations (df = 12) and the error
mean square. The error mean square is itself listed for each alkane
analyte to allow the reader to reconstruct the full ANOVA table for
each alkane. These ANOVA's are fully balanced, with two
observations for each combination of sampling period and sampling
station. The symbols *, **, and *** associated with the F-ratios
indicate significance (P < 0.05), high significance (P < 0.01), and
very high significance (P <0.00l), respectively. Alkane
concentrations of Table A-l were transformed as ln (c + 1), where c
is the concentration listed in Table A-l, prior to the ANOVA
calculation.

Alkane
Month Stationa

F 2 ,21 F6&21

Interaction
F 12 ,21 MSe
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Table 4. --Proportional change from May 1978 to August 1978 of
alkane analytes in sediments at seven sampling stations.
The excluded station is Mineral Flats because it was
not sampled in May 1978. Proportional change is
calculated as (A - B)/B for each alkane analyte and
for each included sampling station where A and B are
mean alkane analyte concentrations of August 1978 and
May 1978, respectively, using the data in Table A-l.

Bligh Const. Dayville Naked Olsen Rocky Siwash
Alkane Island Harbor Flats Island Bay Bay Bay



Figure 3.--Representative chromatograms of alkane hydrocarbons
in sediments at Constantine Harbor, Dayville
Flats, and Olsen Bay, June 1978.
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C-31. These alkanes are consistently lower in August, 1978 than
in May, 1978 at all the stations sampled except Bligh Island and
Constantine Harbor, and they are frequently lower at Bligh
Island.

Note that sampling station is consistently a very highly
significant factor (P < 0.001) for each alkane listed in Tables 3
and 4.

Interannual Variation - Sediments

Very highly significant station-specific changes of C-17 and
of pristane were observed when June 1977 and June 1978
concentrations were compared, based on the interannual two-factor
ANOVAs (Table 5). Concentrations of C-17 were consistently
higher at each station in June 1978 than in June 1977, by
multiples ranging up to about 18 (Table 6). Concentrations of
pristane were higher at most stations by factors ranging up to
about 11; pristane concentrations were unchanged at Rocky Bay and
decreased by 34.3% at Constantine Harbor (Table 6). Changes of
the other alkane analytes listed in Tables 5 and 6 were either
insignificant or were marginally significant (P -0.05).

Note that sampling station is consistently a very highly
significant factor (P < 0.001) for each alkane listed in Tables 5
and 6.

B. Mussels

Mean concentrations of individual alkane analytes are
generally on the order of 10 to 100 ng/g dry mussel tissue,
although some alkanes are not detected at some stations, and
others are detected at concentrations substantially higher than
100 ng/g (Fig. 4). In general, alkane analytes ranging from C-10
through pristane are the most abundant in mussels at all the
sampling stations. Pristane, C-15, and C-17 together account for
62 - 87% of total alkanes, depending on the station. Phytane is
detected sporadically at concentrations less than 100 ng/g except
at Olsen Bay, where it is detected once only at 520 ng/g (May
1979, see Table A-2).

Intra-annual Variation - Mussels

In 1978 the sampling period is at least a highly significant
factor (P < 0.01) for C-12, C-14, C-15, and pristane based on the
intra-annual two-factor ANOVAs (Table 7). By far the most
significant change was for pristane, which consistently declined
at all stations from concentrations ranging up to several
thousand ng/g in May 1978 to concentrations less than 100 ng/g in
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Table 5.-- Summary analysis of variance table for interannuel variation of logarithmically transformed alkane
concentrations in sediments from June 1977 to June 1978 at six sampling stations. The excluded
stations are Mineral Flats and Olsen Bay because these were not sampled in June 1977. The included
stations were all sampled in June 1977 and in June 1978. The two-factor ANOVA includes the year of
the June sampling period and sampling stations as the two factors, and is performed for each alkane
analyte listed below independently. Also Listed for each alkane analyte below are the ANOVA F-ratios
of the sampling period mean square (df = 1) and the error mean square (df = 121, the sampling station
mean square (df = 5) and the error mean square, and the interaction mean square of sampling periods
and sampling stations (df = 5) and the error mean square. The error mean square is itself listed for
each alkane analyte to allow the reader to reconstruct the full ANOVA table for each alkane. These
ANOVAs are fully balanced, with two observations of alkane concentration for each combination of
sampling period and sampling station. The symbols *,**, and *** associated with the F-ratios
indicate significance (P < 0.051, high significance (P < 0.011, and very high significance

(P < 0.001), respectively. Alkane concentrations of Table A-l were transformed as ln (c + 1), where
c is the concentration listed in Table A-l, prior to ANOVA calculation. The alkane analytes C-10
through C-14, and C-16, are not included in this table because the concentrations of these analytes
are frequently below detection limits, and thus transform to zero, which compromises the homoscedastic
assumptions of the ANOVA.

Alkane
Year
F1,12

Stationa

F 5 , 1 2

Interaction
F5,12 MSe

bOnly four sampling stations were included in this ANOVA; the additionally excluded station is Constantine
Harbor, because the analytical results were not reported for this alkane analyte at this station in June 1977
results (see Table A-l, Constantine Harbor). The degrees of freedom for the sampling station mean square, the
interaction mean square, and the error mean square are 4, 4, and 10, respectively, for this alkane in this table.
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Table 6. --Proportional change from June 1977 to June 1978 of alkanes in
sediments at six sampling stations. The excluded stations are
Mineral Flats and Olsen Bay because they were not sampled in
June 1977. Proportional change is calculated as (A - B)/B for
each alkane analyte and for each included sampling station
where A and B are mean alkane analyte concentrations of June
1977 and June 1978, respectively, using the data in Table A-l.
The alkane analytes included in this table are those listed in
Table 5.

Alkane
Bligh
Island

Const. Dayville
Harbor Flats

Naked Rocky
Island Bay

Siwash
Bay

N = not available; June 1977 values below detection limits.
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August 1978 (Tables 8 and A-2). This seasonal decline of pristane
concentrations were repeated in 1979 at all stations (Table A-2). The
ANOVA interaction term was not significant for C-12 and for C-14 (Table
7)l indicating uniform declines of these two alkanes across the sampling
stations (despite the slight rise of the mean concentration of C-13 at
Siwash Bay; see Table 8). The ANOVA interaction term was significant for
C-15 (Table 7) due to the decline of the C-15 mean concentration at Olsen
Bay and the increase of the C-15 mean concentration at the other
stations.

Note that sampling station is a significant factor only for pristane
and C-15 in Table 7.

Interannual Variation - Mussels

Very highly significant changes of C-15 and pristane were observed
when June 1977 and June 1978 concentrations were compared, based on the
interannual two-factor ANOVAs (Table 9). Pristane consistently increased
at each sampling station in June 1978 compared with June 1977 by
multiples ranging up to ten-fold depending on sampling station (Table
10). C-15 consistently decreased at each sampling station by factors
ranging up to 4 depending on sampling station (Table 10).

Note that sampling station is a significant factor only for pristane
and C-17 in Table 9.

Correlation of Alkanes in Sediments and Mussels

Only pristane was significantly correlated in sediments and mussels,
with a coefficient of correlation r = 0.344 (n = 90, P < 0.001).
Correlation coefficients for C-15 and for C-17 were 0.028 (n = 97) and -
0.053 (n = 95), respectively, and were clearly not significant (P > 0.5).

 II. Aromatics

A. Sediments

At three of the sampling stations, a few aromatics were frequently
present at concentrations well above detection limits. These stations
included Constantine Harbor, Mineral Flats, and Rocky Bay (see Table A-3
for these stations). Perylene and phenanthrene were the most abundant
aromatic analytes at these three stations, together accounting for 31 -
54% of total aromatic analytes (Fig. 5).

Sediments at Constantine Harbor contain numerous unidentified
aromatic hydrocarbons compared with sediments at the other sampling
stations. Representative chromatograms of aromatics in sediment samples
at Constantine Harbor, Dayville Flats, and Olsen Bay in June 1978 are
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Table 7. --Summary analysis of variance table for intra-annual
variation of logarithmically transformed alkane
concentrations in mussels during 1978 at seven stations.
The excluded station is Mineral Flats because it was not
sampled in May 1978. The two-factor ANOVA includes 1978
sampling period and sampling stations as the two
factors, and is performed for each alkane analyte listed
below independently. Also listed for each alkane
analyte below are the ANOVA F-ratios of the sampling
period mean square (df = 2) and the error mean square
(df = 21), the sampling station mean square (df = 6) and
the error mean square, and the interaction mean square
of sampling periods and sampling stations (df = 12) and
the error mean square. The error mean square is itself
listed for each alkane analyte to allow the reader to
reconstruct the full ANOVA table for each alkane. These
ANOVAs are fully balanced, with two observations for
each combination of sampling period and sampling'
station. The symbols *, **, and *** associated with the
F-ratios indicate significance (P < 0.05), high
significance (P < 0.01), and very high significance
(P < 0.001), respectively. Alkane concentrations of
Table A-l were transformed as ln(c + 1), where c is the
concentration listed in Table A-l, prior to the ANOVA
calculation. The alkane analytes C-18 through C-31 and
phytane are not included in this table because the
concentrations of these analytes are frequently below
detection limits, and thus transform to zero, which
compromises the homoscedastic assumptions of the ANOVA.

Alkane
Month Station Interaction
F1,21 F6,21 F12,21 MSe
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Table 8. --Proportional change from May 1978 to August 1978 of
alkanes in mussels at seven sampling stations. The
excluded station is Mineral Flats, because it was not
sampled in May 1978. Proportional change is calculated 
as (A - B)/B for each included alkane analyte, and for
each included sampling station, where A and B are mean
alkane analyte concentrations of August 1978 and May
1978, respectively, using the data in Table A-l. The
alkane analytes included in this table are those listed
in Table 7.

Alkane
Bligh
Island

Const.
Harbor

Dayville
Flats

Naked
Island

Olsen
Bay

Rocky
Bay

Siwash
Bay

( + ) : mean May 1978 = 0; mean August 1978 >0
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Table 9. --Summary analysis of variance table for interannual
variation of logarithmically transformed alkane
concentrations in mussels from June 1977 to June 1978 at

   six sampling stations. The excluded stations are Mineral
Flats and Olsen Bay because these were not sampled in May
1977. The included stations were all sampled in June 1977
and in June 1978. The two-factor ANOVA includes the year'
of the June sampling period and sampling stations as the
two factors, and is performed for each alkane analyte
listed below independently. Also listed for each alkane
analyte below are the ANOVA F-ratios of the sampling period
mean square (df = 1) and the error mean square (df = 12),
the sampling station mean square (df = 5) and the error
mean square, and the interaction mean square of sampling
periods and sampling stations (df = 5) and the error mean
square. The error mean square is itself listed for each
alkane analyte to allow the reader to reconstruct the full
ANOVA table for each alkane. These ANOVAs are fully
balanced, with two observations of alkane concentration for
each combination of sampling period and sampling station.
The symbols *, **, and *** associated with the F-ratios
indicate significance (P < 0.05), high significance
(P < 0.01), and very high significance (P < 0.001),
respectively. Alkane concentrations of Table A-l were
transformed as ln(c + 1), where c is the concentration
listed in Table A-1, prior to ANOVA calculation. The
alkane analytes C-18 through C-31, and phytane, are not
included in this table because the concentrations of these
analytes are frequently below detection limits, and thus
transform to zero, which compromises the homoscedastic
assumptions of the ANOVA.

Alkane
Year
F1,12

Station Interaction
F5,12 F5,12 MSe
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Table 10. --Proportional change from June 1977 to June 1978 of
alkanes in mussels at six sampling stations. The
excluded stations are Mineral Flats and Olsen Bay
because they were not sampled in June 1977.
Proportional change is calculated as (A - B)/B for each
alkane analyte and for each included sampling station
where A and B are mean alkane analyte concentrations of
August 1978 and May 1978, respectively, using the data
in Table A-l. The alkane analytes included in this
table are those listed in Table 9.

Alkane
Bligh
Island

Const.
Harbor

Dayville Naked
Flats Island

Rocky
Bay

Siwash
Bay

(+) : mean 1977 = 0; mean 1978 >0
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presented in Figure 6. Note the presence of numerous unidentified
peaks in the Constantine Harbor chromatogram that are generally
absent in the Dayville Flats and Olsen Bay chromatograms of Figure 6.
These unidentified peaks are most numerous and largest at Constantine
Harbor, followed by Rocky Bay and Mineral Flats in decreasing order.
Note also the prominence of identified aromatic analytes which lack
alkyl substituents in the Constantine Harbor chromatogram of Figure-
6.

The variety of identified aromatic analytes usually detected
decreases as follows: Constantine Harbor > Rocky Bay > Mineral
Flats. Most aromatic analytes are usually detected at elevated
concentrations at Constantine Harbor and Rocky Bay, the exceptions
being the mononuclear aromatics, benzothiophene, anthracene, and
benzo[a]pyrene (and 2,3,5-trimethylnaphthalene at Rocky Bay), which
are sporadically detected. Aromatic analytes usually detected at
Mineral Flats include the naphthalenes (except 2,3,5-
trimethylnaphthalene), fluorene, dibenzothiophene, phenanthrene,
fluoranthene, and pyrene (Fig. 5).

At five of the sampling stations, all aromatic analytes except
perylene were near or below detection limits (Table A-3). These
stations included Bligh Island, Dayville Flats, Naked Island, Olsen
Bay, and Siwash Bay. Aromatic analytes most frequently detected at
these stations included phenanthrene, 2-methylnaphthalene, perylene,
naphthalene, and 1-methylnaphthalene, in order of decreasing
frequency of detection among these stations (Table A-3). Although
not detected at Dayville Flats, perylene accounted for 43 - 79% of
the aromatic analytes at the remaining four of these stations (Fig.
5) l In contrast, benzothiophene, benzanthracene, and benzo[e]pyrene
were never detected at these five stations; 2,3,5-
trimethylnaphthalene, dibenzothiophene, and chrysene were each
detected once only at concentrations that were less than 0.7 ng/g.

The low and sporadic concentrations of aromatics preclude
evaluation of intra- or interannual trends.

B. Mussels

Aromatic analytes were rarely detected in mussels. Aromatic
analytes were detected only 18 times, which included only five
analytes (Table A-4). Naphthalene was detected nine times-and 1-
methylnaphthalene was detected six times. Iso-propylbenzene, n-
propylbenzene, and benzothiophene were each detected once only.
Naphthalene or 1-methylnaphthalene were detected most often at
Dayville Flats (four times), Rocky Bay (four times), Bligh Island
(three times), and Constantine Harbor (three times).

Aromatic analytes in mussels were detected most often in 1977,
when detection limits are substantially lower than for succeeding
years. Of the 18 instances of aromatic analyte detection in mussels,
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14 occur in 1977 (Table A-4). Detection limits of aromatic analytes
for the 1977 samples were usually less than 3 ng/g, whereas these
detection limits were usually greater than 4 rig/g for samples from
succeeding years (Table A-4).

DISCUSSION

Trace level hydrocarbon contamination was evident at the
Constantine Harbor, Mineral Flats, and Rocky Bay sampling stations.
Contamination was indicated by the presence and diversity of aromatic
hydrocarbons repeatedly found in sediments at these stations, which
were generally absent at the other sampling stations.

Sediment contamination levels were highest at Constantine
Harbor, and the contamination was probably the result of a
combination of sources. The highest concentrations and greatest
diversity of aromatic analytes and of other unidentified aromatic
hydrocarbons was found in the sediments of this station. The
presence of elevated concentrations of PAHs containing more than
three rings and lacking alkyl substituents in these sediments (but
not including perylene, see below), indicates a pyrolytic source for
these PAHs. Lower concentrations of alkyl-substituted 3- and 4-ring
PAHs compared with corresponding unsubstituted homologues may be
inferred from the chromatograms of these samples (Fig. 6), which show
the unsubstituted homologues as the most prominent peaks. Prominence
of these higher molecular weight PAHs is indicative of a pyrolytic
source and atmospheric transport to these sediments (Hites 1981,
Lunde and Bjorseth 1977, Youngblood and Blumer 1975), and this source
and transport mechanism was further supported by the general absence
of PAHs in mussel tissues at the Constantine Harbor station.

Waterborne transport of petroleum-derived hydrocarbons to
Constantine Harbor sediments was probably a second source of
contaminant hydrocarbons. This source was indicated by the
consistently elevated levels of lower molecular weight normal-
alkanes, phytane, unidentified branched alkanes, and aromatics found
in Constantine Harbor sediments. Phytane is associated with
petroleum and with ancient sediments (Blumer and Snyder 1965,
Oro et al. 1965) and is usually absent from modern unpolluted
sediments, although it may be produced by biochemical processes or
found in modern sediments in special situations (Ikan et al. 1975,
Nissenbaum et al. 1972). Concentrations of lower molecular weight
normal- and branched-alkanes and aromatics are enriched in refined
petroleum products compared with crude oil. The general absence of
these aromatic hydrocarbons in Constantine Harbor mussels suggests
that the source is not petroleum hydrocarbon seepage from a
terrestrial or sub-marine source because a nearly continuous seepage
should result in a nearly constant influx of petroleum hydrocarbon
contamination that would have been detected in these mussels.
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The most likely source of all the contaminant hydrocarbons found
in Constantine Harbor sediments is from sporadic fuel spills and fuel
combustion, exhaust emissions of marine vessel traffic. Constantine
Harbor is an excellent natural anchorage that is sometimes used as a
harbor of refuge by vessels of all sizes, including commercial
vessels, seeking protection from violent storms that frequently occur
in the Gulf of Alaska. The larger vessels usually keep their engines
running at idle while at anchor, and they may also discharge ballast
water. The contaminant hydrocarbons found in Constantine Harbor
probably arose from these emissions and discharges over the past
several decades.

Contaminant hydrocarbons found at Rocky Bay and at Mineral Flats
probably arose from sources similar to those at Constantine Harbor.
Rocky Bay is the site of occasional commercial fishing, and Mineral
Flats is adjacent to both the boat harbor at the city of Valdez and
the oil tanker loading terminal in Port Valdez.

There was no evidence of detectable contaminant hydrocarbons at
the other five sampling stations of this study. The perylene and
phenanthrene detected at these stations probably arose from natural
sources; both have been detected in unpolluted sediments worldwide
and in sediment core samples that pre-date industrial activity
(Venkatesan 1988, Hites et al. 1980, Farrington et al. 1977, Hites et
al. 1977). Perylene has been reported as the predominant PAH in some
Alaskan sediments, and has been significantly correlated with the sum
of C-27 and C-29 in these sediments, which was taken as evidence of a
terrigenous source (Venkatesan and Kaplan 1982). Our results are
consistent with these observations; the highest concentrations of
perylene, C-27, and C-29 occurred at Constantine Harbor. The other
aromatic hydrocarbons found in sediments and in mussels at these
stations were present only sporadically, and at concentrations near
detection limits. Similarly, phytane and many of the normal alkanes
having an even number of carbon atoms were found at these stations at
concentrations near detection limits, further corroborating the
general absence of petroleum hydrocarbon contamination.

Of the normal alkanes of molecular weight higher than C-19 in
sediments, the high abundance of normal alkanes having an odd number
of carbon atoms compared with those having an even number of carbon
atoms at all the sampling stations of this study indicates
terrestrial plants as primary sources of these alkanes (Kolattukudy
1976, Eglinton and Hamilton 1967, Eglinton et al. 1962). These
alkanes may be transported by senescent leaves of beach grasses,
upland shrubs, and trees such as alder (Alnus rubra), to intertidal
sediments where they may be pulverized and incorporated into the
organic carbon compartment of the surface sediments. These plants
are common in Prince William Sound and may form dense stands adjacent
to or in the upper intertidal zone. Primarily terrestrial sources of
these hydrocarbons was further supported by the low and sporadic
concentrations of these alkanes found in the mussels of these



30

sampling stations.

The presence and abundance of normal alkanes of molecular weight
lower than C-20 and pristane in sediments and in mussel tissues
suggests sources of these hydrocarbons that are primarily marine.
These normal alkanes are common constituents of marine bacteria (Oro
et al. 1967), blue-green algae (Winters et al. 1969), planktonic and
macrophytic algae (Clark and Blumer 1967, Blumer et al. 1971), and
pristane is biochemically synthesized from phytol by several calanoid
copepod species (Avigan and Blumer 1968, Blumer et al. 1964).
Incorporation of these alkanes into intertidal sediments could arise
from deposition of carcass fragments of these organisms after death,
while incorporation into mussels could arise from ingestion of
phytoplankton as food, and possibly from ingestion of detrital
material derived from zooplankton.

The high concentrations, variability, and the different patterns
of variability of pristane, C-15, and C-17 in sediments and in
mussels indicates distinct biological sources of these alkanes. The
very high May concentrations of pristane in mussels, followed by
consistent and dramatically lower concentrations in June and still
lower in August, suggests accumulation of pristane by ingestion of
detrital material derived from carcasses of calanoid copepods.
Blumer et al. (1964) found concentrations of pristane in
Calanus finmarchicus, C. glacialis, and in C. hyperboreus approaching
1% dry weight in the northwestern Atlantic ocean, and in analogous
Pacific ocean species such as C. marshalae, Neocalanus plumchrus, and
N. cristatus. Calanus marshalae and N. plumchrus are abundant in
Prince William Sound (Cooney 1987).

The very high May concentrations of pristane in mussels were
highest at Rocky Bay and Naked Island, which are the two stations
most exposed to the prevailing ocean current that enters the Sound at
Hinchinbrook Entrance and exits through Montague Strait. This
current carries inorganic nutrients from deep-water upwelling off the
continental shelf into the Sound, which supports dense planktonic
blooms in the spring, followed by blooms of zooplankton. It is
remarkable, however, that pristane concentrations in mussels were
quite low in 1977; this probably reflects the population dynamics of
the calanoid copepods.

The significant correlation of pristane in mussels and in
sediments among the sampling stations and periods further suggests
calanoid copepods as the source of pristane in the sediments.

The high intra- and interannual variability of C-17 in
sediments, but not in mussels, suggests multiple sources of this
alkane in these matrixes. C-17 is the predominant normal alkane of
many inter- and sub-tidal red algae (Rhodophyceae) (Clark and Blumer
1967), which on senescence may be incorporated into the organic
compartment of intertidal sediments but would not be available to
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mussels. The relatively high concentrations of C-17 in mussels,
together with less intra-annual variability may be due to the
ubiquity of this alkane in phytoplankton ingested by mussels (Blumer
et al. 1971).

The high intra- and inter-annual variability of C-15 in mussels,
but not in sediments, suggests multiple sources of this alkane in
these matrixes that are different than those of C-17. Although C-15
varied greatly from year to year, and generally increased from May to
August in mussels, it was not clear why corresponding variation in
sediments is not evident.

In conclusion, except in areas affected by localized vessel
traffic, intertidal sediments and mussels in Prince William Sound
were remarkably free of petroleum-contaminant hydrocarbons during the
period of this study. The hydrocarbons found in sediments and
mussels unaffected by vessel traffic can be adequately explained by
known, natural sources. As a result, sediments and mussels
contaminated by crude oil from the Exxon Valdez oil spill should be
particularly apparent, due to the general absence of other
confounding sources of petroleum hydrocarbons.
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APPENDIX



Table A-l .--Concentrations of alkane analytes found in sediment samples at each sampling period and sampling station of this study. Concentration
units are ng alkane/g dry sediment weight. Concentrations less than detection Limits are indicated by the symbol <, followed by the
detection limit estimate of that alkane analyte in that sample. Identities of abbreviated alkanes are given in Table 2 of the text.
Also listed is total organic carbon (TOC) for each sample where determined, presented as g carbon/g dry sediment weight times 100%.

MAY MAY JUNE JUNE OCT OCT MAY MAY J U N E JUNE AUG AUG MAY AUG AUG
1977 1977 1977 1977 1977 1977 1978 1978 1978 1978 1978 1978 1979 1979 1980 MEAN

Bligh Island



Table A-l .--Continued.

MAY MAY JUNE JUNE MAY MAY JUNE JUNE AUG AUG MAY AUG AUG
1977 1977 1977 1977 1978 1978 1978 1978 1978 1978 1979 1979 1980 MEAN

Constantine Harbor



Table A-l.--Continued.

MAY MAY JUNE JUNE OCT OCT MAY MAY JUNE JUNE AUG AUG MAY AUG AUG
1977 1977 1977 1977 1977 1977 1978 1978 1978 1978 1978 1978 1979 1979 1980 MEAN

Dayville Flats



Table A-l .--Continued.

MAY MAY AUG AUG MAY AUG AUG
1978 1978 1978 1978 1979 1979 1980 MEAN

Mineral Flats



Table A-l .--Continued.

MAY MAY JUNE JUNE OCT OCT MAY MAY JUNE JUNE AUG AUG MAY AUG AUG
1977 1977 1977 1977 1977 1977 1978 1978 1978 1978 1978 1978 1979 1979 1980 MEAN

Naked Island



Table A-l --Continued.

MAY MAY JUNE JUNE AUG AUG MAY AUG AUG
1978 1978 1978 1978 1978 1978 1979 1979 1980 MEAN

Olsen Bay



Table A-l .--Continued.

JUNE JUNE MAY MAY JUNE JUNE AUG AUG MAY AUG
1977 1977 1978 1978 1978 1978 1978 1978 1979 1980 MEAN

Rocky Bay



Table A-l .--Continued.

JUNE JUNE OCT OCT MAY MAY JUNE JUNE AUG AUG MAY AUG AUG
1977 1977 1977 1977 1978 1978 1978 1978 1978 1978 1979 1979 1980 WEAN

Siwash Bay



Table A-2:-Concentrations of alkane analytes found in mussel tissue samples at each sampling period and sampling station of this study.
Concentration units are ng alkane/g dry tissue weight. Concentrations Less than detection limits are indicated by the symbol <,
followed by the detection Limit estimate of that alkane analyte in that sample. Identities of alkanes abbreviated below are given in
Table 2 of the text. AlSO Listed is percent lipid content for each sample where determined, presented as g lipid/g dry tissue weight
times 100%.

MAY MAY JUNE JUNE OCT OCT MAY MAY JUNE JUNE AUG AUG MAY AUG AUG
1977 1977 1977 1977 1977 1977 1978 1978 1978 1978 1978 1978 1979 1979 1980 MEAN

Bligh Island



Table A-2:-Continued.

MAY MAY JUNE JUNE MAY MAY JUNE JUNE AUG AUG MAY AUG AUG
1977 1977 1977 1977 1978 1978 1978 1978 1978 1978 1979 1979 1980 MEAN

Constantine Harbor



Table A-2. --Continued.

MAY MAY JUNE JUNE OCT OCT MAY HAY JUNE JUNE AUG AUG MAY AUG AUG
1977 1977 1977 1977 1977 1977 1978 1978 1978 1978 1978 1978 1979 1979 1980 MEAN

Dayville Flats



Table A-2. --Continued.

JUNE JUNE AUG AUG MAY AUG AUG
1978 1978 1978 1978 1979 1979 1980 MEAN

Mineral Flats



Table A-2. --Continued.

MAY MAY JUNE JUNE AUG AUG MAY AUG AUG
1978 1978 1978 1978 1978 1978 1979 1979 1980 MEAN

Olsen Bay



Table A-2 .--Continued.

JUNE JUNE MAY MAY JUNE JUNE AUG AUG MAY AUG AUG
1977 1977 1978 1978 1978 1978 1978 1978 1979 1979 1980 MEAN

Rocky Bay



Table A-2. --Continued.

JUNE JUNE OCT OCT MAY MAY JUNE JUNE AUG AUG MAY AUG AUG
1977 1977 1977 1977 1978 1978 1978 1978 1978 1978 1979 1979 1980 MEAN

Siwash Bay



Table A-3.-- Concentrations of aromatic enalytes found in sediment samples at each sampling period and sampling station of this study. Concentration
units are ng alkane/g dry sediment weight. Concentrations less than detection limits are indicated by the symbol <, followed by the
detection limit estimate of that aromatic analyte in that sample. Identities of aromatics abbreviated below are given in Table 2 of the
text.

MAY MAY JUNE JUNE OCT OCT MAY MAY JUNE JUNE AUG AUG MAY AUG AUG
1977 1977 1977 1977 1977 1977 1978 1978 1978 1978 1978 1978 1979 1979 1980 MEAN

Bligh Island



Table A-3. --Continued.

MAY MAY JUNE JUNE MAY MAY JUNE JUNE AUG AUG MAY AUG AUG
1977 1977 1977 1977 1978 1978 1978 1978 1978 1978 1979 1979 1980 MEAN

Constantine Harbor



Table A-3.--Continued.

MAY MAY JUNE JUNE OCT OCT MAY MAY JUNE JUNE AUG AUG MAY AUG AUG
1977 1977 1977 1977 1977 1977 1978 1978 1978 1978 1978 1978 1979 1979 1980 MEAN

Dayville Flats



Table A-3. --Continued.

JUNE JUNE AUG AUG MAY AUG AUG
1978 1978 1978 1978 1979 1979 1980 MEAN

Mineral Flats



Table A-3.--Continued.

MAY MAY JUNE JUNE AUG AUG MAY MAY JUNE JUNE AUG AUG HAY AUG AUG
1977 1977 1977 1977 1977 1977 1978 1978 1978 1978 1978 1978 1979 1979 1980 MEAN

Naked Island



Table A-).--Continued.

MAY MAY JUNE JUNE AUG AUG MAY AUG AUG
1978 1978 1978 1978 1978 1978 1979 1979 1980 MEAN

Olsen Bay



Table A-3. --Continued.

JUNE JUNE AUG AUG JUNE JUNE AUG AUG MAY AUG
1977 1977 1977 1977 1978 1978 1978 1978 1979 1980 MEAN

Rocky Bay



Table A-3. --Continued.

JUNE JUNE OCT OCT MAY MAY JUNE JUNE AUG AUG MAY AUG AUG
1977 1977 1977 1977 1978 1978 1978 1978 1978 1978 1979 1979 1980 MEAN

Siwash Bay



Table A-4.-- Concentrations of aromatic analytes found in mussel samples at each sampling period and sampling station of this study. Concentration
units are ng alkane/g dry mussel tissue weight. Concentrations less than detection limits are indicated by the symbol <, followed by the
detection limit estimate of that alkane aromatic in that sample. Identities of aromatics abbreviated below are given in Table 2 of the
text.

MAY MAY JUNE JUNE OCT OCT MAY MAY JUNE JUNE AUG AUG MAY AUG AUG
1977 1977 1977 1977 1977 1977 1978 1978 1978 1978 1978 1978 1979 1979 1980 MEAN

Bligh Island



Table A-4 .--Continued.

MAY MAY JUNE JUNE MAY MAY JUNE JUNE AUG AUG MAY AUG AUG
1977 1977 1977 1977 1978 1978 1978 1978 1978 1978 1979 1979 1980 MEAN

Constantine Harbor



Table A-4. --Continued.

MAY MAY JUNE JUNE OCT OCT MAY MAY JUNE JUNE AUG AUG MAY AUG AUG
1977 1977 1977 1977 1977 1977 1978 1978 1978 1978 1978 1978 1979 1979 1980 MEAN

Dayvi11e Flats



Table A-4.--Continued.

JUNE JUNE AUG AUG MAY AUG AUG
1978 1978 1978 1978 1979 1979 1980 MEAN

Mineral Flats



Table A-4. --Continued.

MAY MAY JUNE JUNE OCT OCT MAY MAY JUNE JUNE AUG AUG MAY AUG AUG
1977 1977 1977 1977 1977 1977 1978 1978 1978 1978 1978 1978 1979 1979 1980 MEAN

Naked Island



Table A-4. --Continued.

MAY MAY JUNE JUNE AUG AUG MAY AUG AUG
1978 1978 1978 1978 1978 1978 1979 1979 1980 MEAN

Olsen Bay



Table A-4 .--Continued.

JUNE JUNE MAY MAY JUNE JUNE AUG AUG MAY AUG AUG
1977 1977 1978 1978 1978 1978 1978 1978 1979 1979 1980 MEAN

Rocky Bay



Table A-4. --Continued.

JUNE JUNE OCT OCT MAY MAY JUNE JUNE AUG AUG MAY AUG AUG
1977 1977 1977 1977 1978 1978 1978 1978 1978 1978 1979 1979 1980 MEAN

Siwash Bay
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Table A-5. Table of sediment grain-size distribution for sediment samples.

(PHI) Sediment grain size as fraction percent

Sampling
period <-2 -2 to +0 +0 to +2 +2 to +4 +4 to +8 >+8 Mean Sand/Mud

Bligh Island

Constantine Harbor

Dayville Flats
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Table A-5 .--Continued.

(PHI) Sediment grain size as fraction percent

Sampling
p e r i o d <-2 -2 to +0 +0 to +2 +2 to +4 +4 to +8 >+8 Mean Sand/Mud
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Table A-5 .--Continued.

(PHI) Sediment grain size as fraction percent

Sampling
period <-2 -2 to +0 +0 to +2 +2 to +4 +4 to +8 >+8 Mean Sand/Mud
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