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Studv Histow: This study began as a part of NRDA Air~Water Study Number 2 Petroleum 
Hvdrocarbon-Induced In-jury to Subtidal Marine Sediment Resources in 1989. Status reports under 
this study number were submitted in 1989 and 1990. In 1991 the number of the study was changed 
to Subtidal Study Number 1. The title remains the same. A status report under the new title was 
submitted in 1991. The final report for Subtidal Study Number 1 (microbiology) was submitted in 
June 1992, reviewed, then revised in April 1993. No field work was performed in 1992. In 1993 
Restoration Study Number 93047 Exxon Valdez Restoration Proiect: Subtidal Monitoring was '. 

initialed. Our project, Microbioloav of Subtidal Sediments: Monitoring Microbial Populations, is 
part of Restoration Project 93047, Subtidal Monitoring: Recovery of Sediments. and Hvdrocarbon- 
Degrading - Microoreanisms in the Subtidal Environment. The Restoration project was led by the 
National Oceanic and Atmospheric Agency with cooperation !?om the Alaska Department of 
Environmental Conservation and the University of Alaska Fairbanks. The University of Alaska 
Fairbanks was responsible for the microbiological portion of the study. Previous findings on 
microbial numbers and activity in subtidal sediments can be found in two summary reports fiom 
Natural Resource Damage Assessment projects: (1) Braddock, J.F., M.R. Brockrnan, J.E. 
Lindstrom and E.J. Brown, 1990, Microbial hvdrocarbon degradation in sediments impacted bv the 
Exxon Valdez Oil Spill, NOAA Report for contract no. 50-DSNC-8-00141, Washington, DC and (2) 
Braddock, J.F., B.T. Rasley, T.R. Yeager, J.E. Lindstrom and E.J. Brown, 1993, Hvdrocarbon 
mineralization ~otentials and microbial ~o~u la t ions  in marine sediments following the Exxon Valdez 
oil s~i l l ,  Exwon Valdez Oil Spill Project Final Report, University of Alaska, Fairbanks, AK. Some of 
the results from these studies have been published: (1) Brown, E.J. and J.F. Braddock. 1990. Sheen 
Screen: a miniaturized most probable number technique for oil-degrading microorganisms. Appl. 
Environ. Microbial. 56:3895-3896 and (2) Braddock, J.F., J.E. Lindstrom and E.J. Brown. 1995. 
Distribution of hydrocarbon-degrading microorganisms in sediments fiom Prince William Sound, 
Alaska following the k o n  Valdez oil spill, Mar. Pollut. Bull. 30: 125-132. A second manuscript 
(Braddock, J.F., J.E. Lindstrom, T.R. Yeager, B.T. Rasley and E.J. Brown, Patterns of microbial 
activity in oiled and unoiled sediments in Prince William Sound) has been accepted for publication in 
the Exxon VaIder Oil Spill Svmposium Proceedings. 

Abstract: An increase in the biodegradation activity of naturally occumng populations of 
microorganisms can lead to substantial removal of petroleum from the environment. Therefore, 
measurements of microbial populations are an important component of contaminated site assessment 
studies. Following the Exxon Valdez oil spill in 1989, we measured numbers of hydrocarbon- 
degrading microorganisms and hydrocarbon mineralization potentials of microorganisms in oiled and 
unoiled surface sediments fiom the shore through 100 m depth offshore. We found both temporal 
and spatial variations in numbers and activity of hydrocarbon-degrading microorganisms with 
statistically significant higher values at the oiled sites than at reference sites. In the summer of 1993 
we returned to ten study sites within Prince William Sound to monitor the changes in the numbers 
and activities of hydrocarbon-degrading microorganisms at these sites with time. In 1993 the 
numbers and activities of hydrocarbon-degrading microorganisms were generally very low at all sites 
although elevated populations and activities were measured in intertidal sub-surface samples at 
several sites (Northwest Bay, Herring Bay and Sleepy Bay) with observable sub-surface oiling. 
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Executive Summarv 

Assessment of microbial populations is an essential component of oil spill monitoring since a 
major fate of spilled petroleum depends on the ability of microorganisms to use hydrocarbons as a 
source of carbon and energy (Leahy and Colwell, 1990). Microbial measurements also can be 
used to provide evidence for the presence of in situ biodegradation (Madsen et al. 1991). In 
addition, monitoring microbial populations is a tool for assessing the extent and persistence of oil 
contamination following a spill. 

We have monitored the total numbers and activity of hydrocarbon-degrading microorganisms 
since 1989 in sediments (intertidal and subtidal) impacted by the Exxon Valdez oil spill. We 
sampled both oiled and unoiled sites in Prince William Sound on six separate cruises spanning 
1989- 199 1. Surface sediment samples were collected from the shoreline (intertidal) through 100 
m depth offshore. Both the numbers and activity of microbial populations were assayed in these 
samples. We used most probable number techniques to estimate the numbers of oil-degrading 
microorganisms and radiorespirometry to measure the mineralization potentials of the microbial 
community for various hydrocarbons including benzene, hexadecane, phenanthrene and 
naphthalene. 

We found that the numbers and activity of hydrocarbon-degrading microorganisms are indicators 
of the presence of hydrocarbons in sediments from Prince William Sound. We found statistically 
significant differences in the populations of hydrocarbon degraders in shoreline sediments 
collected from bays within the path of the oil slick relative to populations at reference sites which 
were not oiled during the Exxon Valdez spill. We also saw differences in populations of 
hydrocarbon degraders with time following the spill. Populations of hydrocarbon-degrading 
microorganisms dropped substantially in most suficial intertidal sediments from 1989 to 199 1 
indicating a reduction in readily biodegradable fractions with time. However, high numbers still 
existed on several shorelines in 1991 particularly in buried sediments. In these sediments 
hydrocarbon degrader population numbers and activities were as great as seen in early summer 
1989. 

We returned to Prince William Sound in the summer of 1993 to ten sites previously sampled for 
microbial populations and activities. Our objective in this study was to continue to monitor the 
numbers of hydrocarbon-degrading microorganisms to determine if active populations remained at 
heavily contaminated sites within Prince William Sound and to validate microbial techniques as 
relatively cheap and quick assays for monitoring the extent and persistence of hydrocarbon 
contaminants following an oil spill. In 1993 the numbers and activities of hydrocarbon-degrading 
microorganisms were generally very low at all sites although elevated populations and activities 
were measured in intertidal sub-surface samples at several sites (Northwest Bay, Herring Bay and 
Sleepy Bay) with observable sub-surface oiling. We found that microbial population estimates 
were good indicators of exposure of sediments in Prince William Sound to oil after the spill. 



Methods 

Sampling: Surface sediment (top 0 - 3 cm) samples were previously collected and analyzed for 
microbial populations and activities on six cruises: RN Fairweather (Summer 1989), MN 
Nautilus (Winter 1989), W Cobb (Spring 1990), RN Davidson (Summer 1990), RN Cobb (Fall 
1990) and F N  Big Valley (Summer 1991)(see Braddock et al., 1993). In 1993 ten sites in PWS 
were visited from 8 to 16 July on the F N  Scorpius (Summer 1993; Table 1 and Fig. 1). The 
season designators for the cruises used here are meant to reflect the weather in PWS during the 
time of the cruise even though the dates of the cruise do not strictly follow traditional season 
definitions. During the three summer cruises surface sediments were collected in the intertidal 
zone (referred to as shoreline or 0 m) and at ,3,6,20,40 and 100 m depths offshore at mean low . 

tide. On the other cruises surface sediment samples were collected only in the intertidal zone and 
at the shallower water depths offshore (Winter 1989, 0 and 3 m; Spring 1990 and Fall 1990, 0, 3, 
6 and 20 m), due either to the restricted capabilities of the support vessel or abbreviated cruise 
schedules for those sampling trips. Surface sediments at the 40 or 100 m depths were collected 
using either a Van Veen grab or a Smith-McIntyre grab. Composite samples at each depth from 
three grabs were obtained by subsampling surface sediment (top 0-3 cm) into sterile bags. 
Samples at the 3, 6 and 20 m depths were collected by SCUBA divers while shoreline samples 
were collected by either SCUBA divers or a shore party in the low intertidal zone as close to low 
tide as was feasible. The intertidal (shoreline), 3, 6 and 20 m samples were composites of eight 
subsamples collected at random intervals along a 30 m transect parallel to the shoreline. Only one 
bag of sediment was co1:lected for each site at each depth on the Summer 1989 cruise while three 
replicate bags were collected at each depth for all subsequent cruises so that statistical procedures 
could be used to compare the study sites to reference sites. All sediment and water samples were 
placed in coolers at the time of collection for transport to the support vessel. Processing for 
microbiological analyses was performed within three hours of collection. We assayed samples 
from which all rocks greater than 1 cm in diameter were removed due to the prevalence of rocks 
and coarse-grained sediments at several locations and depths in PWS. 

Microbial Population Estimates: Heterotrophic and hydrocarbon-degrading microbial 
populations were estimated using most probable number (MPN) techniques. While no technique 
to enumerate specific metabolic types of microorganisms in marine systems is absolute, the MPN 
technique can give consistent results that are appropriate for relative comparisons among stations 
and depths. The number of hydrocarbon-degrading microorganisms in each sediment sample was 
estimated using the Sheen Screen MPN (Brown and Braddock, 1990). Hydrocarbon degrading 
microorganisms were defined as those microbes capable of dispersing a sterile Prudhoe Bay oil 
sheen layered on Bushnell-Haas marine mineral salts (Difco Laboratories, Detroit, MI) broth. On 
the Summer 1989 cruise, duplicate sets of cell well plates were prepared for each subtidal depth at 
each site. For all other cruises one set of cell well plates was prepared from each replicate 
sediment sample at a given site and depth to yield triplicate values. The Sheen Screen plates were 
incubated at approximately 15 O C  for three weeks before being scored for disruption of the oil 
sheen. Marine heterotrophs were enumerated in a similar manner, except that the growth medium 
was marine broth (Difco Laboratories, Detroit, MI) and growth was indicated by turbidity 
(Lindstrom et al., 1991:). The heterotrophs plates were incubated for 1 week after inoculation 
before being scored for turbidity. 
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Figure 1. Locations of study sites sampled in 1993 (indicated by bold triangle). Site numbers 
correspond to sites as follows: 1 .  Northwest Bay; 4. Hemng Bay; 5. Lower Hemng 
Bay; 7. Drier Bay; 8. Sleepy Bay; 10. Snug Harbor; 11. Bay of Isles; 12. Mooselips 
Bay; 14. Zaikof Bay and; 15. Olsen Bay. 



The distribution of the surface slick of oil after the grounding on Bligh Reef was dependent on 
winds and currents and generally resulted in a spread of the oil to the southwest (Royer et al., 
1990; Galt et al., 1991). By about six days after the spill the surface slick had heavily coated 
many shorelines around Knight Island and other smaller islands in that area (Fig. 2). The study 
sites sampled followed, in general, the path of the oil slick (see Fig. 1). 

Microbial populations (heterotrophs and hydrocarbon degraders) were estimated at each site in 
1993 (Table 2, Appendix A). The numbers of hydrocarbon-degrading microorganisms were 
generally low at all sites visited in 1993 relative to populations measured at many of these sites in '. 

1989 or 1990 (Fig. 3a-e). In 1993 the only samples which contained high populations of 
hydrocarbon-degrading microorganisms were collected fiom sub-surface samples collected by 
digging shallow pits (approximately 20 cm deep). Northwest Bay, Hemng Bay and Sleepy Bay 
all had visible sub-surface oiling in 1993 and all of these same sites had populations of 
hydrocarbon degraders greater than 104/g sediment. No other sediment samples collected in 1993 
were recorded as containing visible oil and the populations of hydrocarbon degraders were 1031g 
sediment or less. 

The activity potentials for the hydrocarbon degrader populations were measured by assaying the 
mineralization of radiolabelled hydrocarbon fractions in laboratory incubations. Hexadecane and 
phenanthrene were used as representatives of a linear alkane and a polycyclic aromatic 
hydrocarbon, respectively. Mineralization potentials for hexadecane were low (less than 10% 
mineralized after a two day incubation; Table 3) except in two sub-surface samples collected at 
Northwest Bay and Sleepy Bay. Temporal decreases were detected in the mineralization 
potentials for hexadecane at all sites and depths since 1989 (Fig. 4a-e). 

In a similar manner, mineralization potentials for phenanthrene were measured in 1993 sediment 
slumes after two-day and four-day incubations (Tables 4 and 5, respectively). Phenanthrene 
mineralized was less than three percent after a two day incubation for all depths and sites except 
one anomalous value of 7.9% at Drier Bay at 100 m (Table 4). The variability in replicates 
measured at this site was also high (see Appendix A) and the same trend was not reflected in the 
hydrocarbon degrader populations measured or the hexadecane or four day phenanthrene 
mineralization potentials measured. The mineralization potentials measured after four day 
incubations were less than four percent except in two subsurface samples collected at Northwest 
and Sleepy Bays. The two day phenanthrene data from 1993 were compared to values measured 
in samples collected in 1989-1991 (Fig. 5a-e). As with the hexadecane mineralization potential 
data (Fig. 4a-e) the phenanthrene potentials generally have declined since 1989. 



Table 2. Summary of microbial population data (heterotrophs and hydrocarbon degraders) from 
intertidal and subtidal sediments colllected in July 1993 (Scorpius cruise). 

Heterotrophs (cellls/g dry sod.) Hydrocarbon Degraders tcells/g dry sed.) 
Depth (ml Mean Std. Dov. Log Mean Mean Std. Dev. Log Mean 

Northwest Bay 
7/8/93 

Site # l  

Herring Bay 
7/9/93 
Site # 2  

Lower Herring Bay 

7/10/93 
Site #3 

Drier Bay 
711 1/93 

Site # 4  

SIaepy Bay 
711 1 t o  7112193 

Site 15 

Beach 
Sub-Surf 

3 
6 

2 0  
4 0  
100 

Beach 
Sub-Surf 

3 
6 

2 0  
4 0  
100  

Beach 
Sub-Surf 

3 
6 
2 0  
4 0  
100  

Beach 
Sub-Surf 

3 
6 

2 0  
4 0  
100 

Buch 
Sub-surf 

3 
6 

2 0  
4 0  
100 
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Figure 31. Log Most Probable Number of hydrocarbon-degrading microorganisms in surface 
sediments fiom the shoreline to 100 m depth offshore collected from Northwest Bay 
and Herring Bay in the summers of 1989, 1990, 1991 and 1993 (see also Braddock et 
al., 1993). A bold triangle indicates that data were unavailable for that date or depth. 
The absence of a bar for a date or depth indicates that the measured value was < 1.3 
which reflects the lower sensitivity of the MPN technique used. 
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Figure 3c. Log Most Probable Number of hydrocarbon-degrading microorganisms in surface 
sediments from the shoreline to 100 m depth offshore collected from Sleepy Bay and 
Mooselips Bay in the summers of 1989, 1990, 1991 and 1993 (see also Braddock et 
al., 1993). A bold triangle indicates that data were unavailable for that date or depth. 
The absence of a bar for a date or depth indicates that the measured value was < 1.3 
which reflects the lower sensitivity of the MPN technique used. 
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Figure 3e. Log Most Probable Number of hydrocarbon-degrading microorganisms in surface 
sediments from the shoreline to 100 m depth offshore collected from Bay of Isles and 
Olsen Bay in the summers of 1989, 1990, 1991 and 1993 (see also Braddock et al., 
1993). A bold triangle indicates that data were unavailable for that date or depth. 
The absence of a bar for a date or depth indicates that the measured value was < 1.3 
which reflects the lower sensitivity of the MPN technique used. 



Table 3 cont. Summary of hexadecane oxidation rate potentials (average rate for two day 
incubation) for sediment slurries from samples collected in July 1993 (Scorpius cruise). 

Mooselips Bay 
711 2 to 711 3/93 

Site #6 

Zaikof Bay 
711 3/93 
Site #7 

Snug Harbor 
7/14/93 
Site #8 

Bay of Isles 
711 5/93 
Site #9 

Olsen Bay 
711 5 to 7/16/93 

Site #I0 

Depth (m) 

Beach 
Sub-surf 

3 
6 
20 
40 
100 

Beach 
Sub-surf 

3 
6 
20 
40 
100 

Beach 
Sub-surf 

3 
6 
20 
40 
1 00 

Beach 
Sub-Surf 

3 
6 
20 
40 
100 

Beach 
Sub-Surf 

3 
6 
20 
40 
1 00 

YO Dry 
Weight 

O/o Mineralized ORP 
pg l (g  dry wt.-day) 

(@95% Confid. Level) 



Lower Herring Bay 

Om 3 m  6 m  20 m 40m 100 m 

Depth 

Drier Bay 

Depth 

Figure 4b. Oxidation rate potentials for hexadecane (average for a two day incubation) in 
surface sediment slumes from the shoreline to 100 m depth offshore collected from 
Lower Hemng Bay and Drier Bay in the summers of 1989, 1990, 1991 and 1993 (see 
also Braddock et ai., 1993). A bold triangle indicates that data were unavailable for 
that date or depth. The absence of a bar or triangle indicates a measured value of 
zero. 
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Figure 4d. Oxidation rate potentials for hexadecane (average for a two day incubation) in 
surface sediment slurries from the shoreline to 100 m depth offshore collected from 
Zaikof Bay and Snug Harbor in the summers of 1989, 1990, 1991 and 1993 (see also 
Braddock et al., 1993). A bold triangle indicates that data were unavailable for that 
date or depth. The absence of a bar or triangle indicates a measured value of zero. 



Table 4. Summary of phenanthrene oxidation rate potentials (average rate for two day 
incubation) for sediment slumes from samples collected in July 1993 (Scorpius cruise). 

Northwest Bay 
7/8/93 
Site #I 

Herring Bay 
719193 
Site #2 

Lower Herring Bay 
7110193 
Site #3 

Drier Bay 
711 1,193 
Site #4 

Sleepy Bay 
711 1 to 711 2193 

Site #5 

Depth (ml 

Beach 
Sub-Surf 

3 
6 
20 
40 
100 

Beach 
Sub-Surf 

3 
6 
20 
40 
100 

Beach 
Sub-Surf 

3 
6 
20 
40 
100 

Beach 
Sub-surf 

3 
6 
20 
40 
1 00 

Beach 
Sub-Surf 

3 
6 
20 
40 
100 

%Dry 
Weight 

% Mineralized ORP 
pglg dry wt.-day 

(@95% confid. level) 



Table 5. Summary of phenanthrene oxidation rate potentials (average rate for four day 
incubation) for sediment slurries from samples collected in July 1993 (Scorpius cruise). 

Depth (m) % Dry % Mineralized ORP 
Weight pglg dry wt.-day 

(6395 % confid. levell 

Northwest Bay Beach 0.88 0.0 0.0 + 0.0 
718193 Sub-Surf 0.92 10.1 2.5 + 0.9 
Site #1 3 0.80 0.0 0.0 * 0.0 

6 0.69 0.0 - 0.0 * 0.0 
20 0.47 0.0 0.0 + 0.1 
40 0.70 0.0 0.0 2 0.0 
100 0.46 0.0 0.0 -c 0.0 

Herring Bay Beach 0.77 0.0 0.0 -c 0.0 
7/9/93 Sub-surf 0.72 0.6 0.2 + 0.2 
Site #2 3 0.66 0.0 0.0 * 0.0 

6 0.75 0.0 0.0 + 0.0 
20 0.74 0.0 0.0 * 0.0 
40 0.89 0.0 0.0 + 0.0 
1 00 0.72 0.0 0.0 r 0.0 

Lower Herring Bay Beach 0.85 0.0 0.0 2 0.0 
711 0193 Sub-Surf 0.82 0.0 0.0 * 0.0 
Site #3 3 0.97 0.0 0.0 r 0.0 

6 0.91 0.0 0.0 * 0.0 
20 0.81 0.0 0.0 + 0.0 
40 0.75 0.0 0.0 2 0.0 
100 0.37 0.1 0.0 2 0.1 

Drier Bay Beach 0.97 0.2 0.0 2 0.0 
711 1193 Sub-surf 0.81 0.1 0.0 2 0.0 
Site #4 3 0.90 0.5 0.1 c 0.1 

6 0.51 0.7 0.2 + 0.2 
20 0.52 0.4 0.1 0.2 
40 0.63 3.9 1 .O + 0.9 
100 0.37 0.7 0.2 + 0.1 

Sleepy Bay Beach 0.76 0.1 0.0 2 0.0 
711 1 to 711 2/93 Sub-surf 0.85 4.4 1.1 r 1.0 

Site #5 3 0.75 0.2 0.1 * 0.0 
6 0.75 0.2 0.0 + 0.0 
20 0.70 0.3 0.1 + 0.0 
40 0.77 0.2 0.0 2 0.0 
100 0.66 1.5 0.4 0.3 



Northwest Bay 

Om 3 m  6 m  20 m 40 m 100 m 
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Herring Bay 

Om 3 m  6 m  20 m 40m 100 m 
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Figure 5a. Oxidation rate potentials (average for a two day incubation) for naphthalene (1989) 
and phenanthrene (1990,199 1 and 1993) in surface sediment slurries from the 
shoreline to 100 m depth offshore collected from Northwest Bay and Hemng Bay in 
the summers of 1989, 1990, 1991 and 1993 (see also Braddock et al., 1993). A bold 
triangle indicates that data were unavailable for that date or depth. The absence of a 
bar or triangle indicates a measured value of zero. 
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Figure 5c. Oxidation rate potentials (average for a two day incubation) for naphthalene (1 989) 
and phenanthrene (1990,1991 and 1993) in surface sediment slumes from the 
shoreline to 100 m depth offshore collected from Sleepy Bay and Mooselips Bay in 
the summers of 1989, 1990, 1991 and 1993 (see also Braddock et d., 1993). A bold 
triangle indicates that data were unavailable for that date or depth. The absence of a 
bar or triangle indicates a measured value of zero. 
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Figure 5e. Oxidation rate potentials (average for a two day incubation) for naphthalene (1989) 
and phenanthrene (1990,199 1 and 1993) in surface sediment slumes from the 
shoreline to 100 m depth offshore collected from Bay of Isles and Olsen Bay in the 
summers of 1989, 1990, 1991 and 1993 (see also Braddock et a]., 1993). A bold 
triangle indicates that data were unavailable for that date or depth. The absence of a 
bar or triangle indicates a measured value of zero. 



Exxon Val&z oil by very expensive and time-consuming advanced chemical hydrocarbon 
fingerprinting techniques. These additional sources of oil in PWS confound the use of standard 
chemical analyses alone in the collection of data for damage assessment purposes. If this older 
weathered oil is present (in surface sediments) at our study sites then our data indicate that the 
older oil has not led to increased populations of hydrocarbon degraders. The response of 
microbial populations may then be a usefbl complement to hydrocarbon chemistry data in defining 
the extent of recent pollution occurring from the spill. 

There was no statistically significant correlation between the total numbers of hydrocarbon- 
degrading bacteria and mineralization potentials for hexadecane. However, when high 
hexadecane mineralization potentials were measured the numbers of hydrocarbon oxidizers were 
generally also high. Increased populations of Sheen Screen positive organisms represent an 
increased potential for biodegradation of hydrocarbons in oil (Bartha and Atlas, 1987). But other 
factors such as salinity, temperature, mineral nutrient availability, oxygen availability, hydrocarbon 
concentration, and acclimation of the microbial population to a particular hydrocarbon component 
of the oil can affect the mineralization potential as well (Bartha and Atlas, 1987; Leahy and 
Colwell, 1990). Experiments in this study were designed to minimize as many of these factors as 
possible (including hydrocarbon availability) except the in situ microbial biomass and its potential 
to degrade the hydrocarbons added experimentally (see Brown et al., 1991). Using this "optimal" 
procedure, rates of hexadecane, naphthalene and phenanthrene mineralization among sites and 
sampling stations could be compared. For example, mineralization potential samples were run in 
a mineral salts medium with nutrients such as nitrogen and phosphorus, were well oxygenated and 
were incubated at a constant temperature (15 "(2).  In addition, a relatively large amount of 
hydrocarbon substrate was added to each sample to be assayed so that the final rate was 
dependent on added substrate rather than the hydrocarbon substrate in the original sample. The 
concentrations of the specific hydrocarbon we added greatly exceeded ambient levels in heavily 
oiled samples collected in 1989 (see Brown et al., 1991). The reported potentials thus reflect the 
potential of the in situ microbial populations (Bartha and Atlas, 1987; Aelion and Bradley, 1991) 
to transform hydrocarbons when incubated in conditions that are standardized and essentially 
optimal. 

Bartha and Atlas (1987) summarized the results of a number of published studies on 
biodegradation rates (potentials) of samples from marine systems. They found a range of 52,500 
pglg-day for seawater communities under partially optimized conditions. These rates for nutrient 
enriched samples were found to be as much as 300-fold higher than for non-nutrient enriched 
samples. Values fiom our study range from 0 to approximately 40 pg/g sed-day. Therefore, our 
values fall at the low end of those reported by Bartha and Atlas for samples incubated under 
partially optimized conditions. A more recent study (Karl, 1992) conducted about six weeks after 
the grounding of the Bahia Paraiso in Antarctica in 1989 found extremely low rates for 
hexadecane mineralization potential (0.13- 1.2 1 pmoVg sed-day) in samples run without nutrient 
amendments and incubated at 1 O C  (sub-optimal conditions). 

We found apparent differences in microbial preference for hexadecane, naphthalene or 
phenanthrene in Prince William Sound sediments temporally and with depth. Hexadecane 
potentials nearly always exceeded those for PAH except for sediments collected in the spring of 



hydrocarbon levels should be measured periodically for several years following other major oil 
spill events to monitor transport of petroleum compounds in the environment. 

Conclusions 

1. Populations of hydrocarbon-degrading microorganisms were good indicators of the 
distribution of Enon Valdez oil following the spill. 

2. Populations of hydrocarbon-degrading microorganism generally declined with time at most 
sites probably as a result of a decline in readily biodegradable hydrocarbon fractions. By 1993 
few oiled sites sampled had populations of hydrocarbon degraders that were significantly higher . . 

than those measured at reference sites. High populations were only measured in samples 
collected from the intertidal 10-20 cm below the surface. 

3 .  The numbers of hydrocarbon degraders were highest in sediments offshore heavily oiled 
beaches in summer 1990. These populations declined to levels observed at reference sites by 
199 1 and continued to be low in 1993. 

4. Mineralization potentials for hexadecane and for phenanthrene were not statistically correlated 
to the populations of hydrocarbon-degrading microorganisms measured in sediment samples. 
Hexadecane potentials were generally higher than those for phenanthrene (or naphthalene). 
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APPENDIX A 

Raw data and calculations for microbial 
populations and activities in sediments 

collected in 1993, F N  Scorpius cruise. 



HETEROTROPHS I d l g  sad.) 
Sed~mant  C M m  Std. k. 

lcorr. lo( dry wt. sodl 

SHEEN SCREENS I d / g  sad) 
S d m m t  C Mu, Std. 0.v. Log M m  

Icwr. fw dry wt. a d . )  
Log Mom 

Mmralip. Bay Beach 
7 / 1 2  to  7 / 1 3 / 9 3  Sub-Sud 

S i t s  1 6 3 
6 

2 0  
4 0  
1 0 0  

Z d o l  Bay 
7113183 
S h e  1 7  

0.OE t o 0  O.OE to0  O.OE+OO 
2 . M t O l  7 . 6 E t 0 0  1 . 3 E + 0 1  0.9 
O.N+OO 0 . M  t o o  O.M+OO 
O . M  +00 O.OE to0  O . M  + 00 
O . M + 0 0  2 . 5 € + 0 1  4 . 2 E t 0 1  1.4 
O.M+OO 2 . 9 E + 0 1  5 . 1 E t 0 1  1 .5  
O.OE + 0 0  O.OE + 00 O.OE + 00 

Bay of hls 0 e a h  
711 5193 Sub-Sut 
S i a  19 3 

6 
2 0  
40 
100 

O(sm Bay B e a h  
7 - 1 5  to  7-16 -93  Sub-surf 

sn. 110 3 
6 

2 0  
4 0  
100 

0.R too  
0.M + 00 
O . M  +oo 
0 . M  + 00 
O.M+OO 
0.M + 0 0  
O.OE + 0 0  



HEXADECANE 2 Day h a ~ b a t ~ o n s  

Day 0 

loc*ll 
Sadimmt A iDF'Ml 
rqa 1 rap 2 

Sad- 0 ( D M 1  
rap 1 rap 2 

sadinlent C low1 
rap 1 rap 2 

mew dprn std. dav. mn dpm % Ilinanl 

Manebps  Bay Beach 0.75 
7/12 to 7/13/93 Sub-Suf 0 88 

Siia X6 3 0.71 
6 0.70 
20 0.70 
40 0.66 
100 0.71 

Z*kof Bey Beach 0.81 
7/13/93 Sub-Sut 0.87 
site X7 3 0.72 

6 0.61 
20 0.65 
40 0.63 
100 0.74 

A Snug H a r h  Beach 0.75 
7/14/93 Sub.Sul 0.88 
sit. X8 3 0.76 

6 0.73 
20 0.68 
40 0.57 
100 0.43 

Bay o i  Islea Beach 0.84 
7/15/93 Sub-Suf 0.85 
site 19 3 0.81 

6 0.54 
20 0.23 
40 0.62 
100 0.38 

Ohan Bay Beach 0.71 
7/15 to 7/16/93 Sub-Surf 0.90 

Sia  XI0 3 0.54 
6 0.53 
20 0.34 
40 0.70 
100 0.44 

M e a n  Ltlled control = 1 1  5 dpm 



PHENANTHRENE-- 2 Ilay h a r h t i u w  

Depth tm) %Dry 

w* 
Day 0 
I D W I  

226 
322 
116 
173 
11 1 
204 
143 

234 
122 
204 
171 
138 
118 
168 

189 
234 
4 9  
6 7  
6 2  
6 2 
6 2  

126 
121 
139 
149 
120  
179 
129 

57 
5 6  
5 3  
6 2 
8 0  
54  
5 8  

S d m m t  A IDPM) 
rep1 rap 2 

Sdmant  8 ( D W I  
lep 1 lap 2 

Sdmant  C (DPMI 
rep 1 rep 2 

M o m  DPM Std. Dev C m .  M e a  
D M  

260 
21 3 
31 
109 
281 
116 
6 8  

8 1 
78 
76 
6 6  
6 3  
39 
136 

45 
152 
0 
0 
0 
0 
15 

0. 
72 
0 
28 
72  
179 
61 

4 
0 

71 
9 
3 
0 
0 

O W  
PPIP dry Wl.-d.y 

:@95% confd. Iavell 

Mwbr(rpr Bay Bench 0 75 
7112 to 7/13/93 S u b - S d  0.88 

S~te  X6 3 0.71 
6 0 . 7 0  

2 0  0 . 7 0  
4 0  0 .66  
100  0.71 

Zukof Bay 
7113193 
Sne X7 

B d  0.75 
Sub-Suf 0 .88  

3 0.76 
6 0.73  

2 0  0.68 
4 0  0.57 
1 0 0  0.43 

Bay of Isla 8-ch 
7/15/93 Sub-Suf 
S~te  1 9  3 

6 
2 0  
4 0  
100  

Olsen Bay Bench 
7115 lo  7116193 Sub-Suf 

Slte XlO 3 
6 

2 0  
4 0  
100 

M a m  hnlled control - 1 i.0 dpm 



PHENANTHRENE-- 4 Day hcubationa 

Depth Iml S d i m d  B IDW1 
rap 1 rap2 

Sdimant C IDPMl 
rap 1 rap 2 

M m  DPM 

448 
278 
236 
776  
21 1 
31 2 
199 

222 
228 
214 
207 
195 
174 
21 2 

102 
168 
106 
104 
104 
130  
134 

138 
187 
127 
204 
201 
299 
229 

125 
112 
127 
135 
127 
102 
116 

Sld. D w  

428 
116 
114 
352 
8 3  
9 2  
21 

5 5  
3 6  
3 0  
3 2  
16 
46  
7 0  

1 0  
51 
13 
28 
4 
14 
17 

38 
22 
4 

123 
4 5  
4 0  
75  

11 
19 
5 
20 
29 
2 1 
16 

C m .  M m  
DPM 

328 
158 
116 
656  
91 
192 
7 9  

102 
108 
9 4  
87 
75 
54  
9 2  

0 
4 8  
0 
0 
0 
1 0  
14 

18 
67 
7 

84  
8 1  
179 
109 

5 
0 
7 
15 
7 
0 
0 

ORP 
rolo av vl . -d .y  

@95% confd. Iavell 

Mouselip. Bay 
7112 to 7/13/93 

Site 1 6  

Zaikof Bay 
7/13/93 
Site 1 7  

Bay of Wa 
7/15/93 
Sll. 1 8  

Msen hallad control - 110 dpm 




