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Abstract

Identification of sources of polycyclic aromatic hydrocarbons (PAH) in sediments 

is an important step in reducing anthropogenic contamination. Identifications based 

solely on the composition of PAH can be confounded by compositional changes during 

weathering and biodegradation. Stable isotopic composition of individual PAH offer a

13 .
source marker that may be less susceptible to alteration. The 5 C values of PAH in 

major potential sources to the Kachemak Bay area were analyzed. To determine the

13
stability of the 5 C values of PAH in crude and diesel oil, microbial degradation 

experiments using sediment from the Kachemak Bay, Alaska, area were conducted over a 

one-year period. The impact of weathering on the isotopic composition of North Slope 

crude oil and diesel oil was also examined over a five-week period in aquaria with 

Macoma balthica, an intertidal bivalve. For both degradation experiments, PAH

13
concentrations decreased and their composition changed, but the 5 C values of

13
individual PAHs remained stable. Hence, 8 C values of individual PAHs have excellent 

potential as a relatively stable indicator of their sources. Based on isotopic and 

compositional data, the PAH in Kachemak Bay sediments appear to have several sources.
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Introduction

Aromatic hydrocarbons make up only about 10% of the complex mixture of 

compounds in petroleum, but they are of special concern because they are among the 

most toxic, mutagenic, and carcinogenic constituents (Black et al., 1983; White, 1986; 

Pahlmann and Pelkonen, 1987). Sediments are important reservoirs for PAH (polycyclic 

aromatic hydrocarbons) in the marine environment (Wakeham and Farrington, 1980; 

Gschwend and Hites, 1981), and sediments are a major source of PAH and other 

hydrophobic pollutants to marine and lacustrine organisms (McElroy et al., 1989; 

Thompson et al., 1999). Although sedimentary contamination decreases markedly with 

time after a spill due to weathering and biodegradation, aromatic hydrocarbons can 

persist for at least 20 years (Teal et al., 1992). Given this persistence of PAH in the 

environment, it is important to develop an accurate and discriminating approach to 

determine their sources. Identification of the major hydrocarbon sources is often a 

critical step in reducing inputs to coastal waters and can be important in assigning 

liability for negligent discharge.

Improved techniques for identifying and quantifying sources of hydrocarbon 

contaminants to coastal and estuarine sediments, specifically those within the Kachemak 

Bay (KB) National Estuarine Research Reserve (NERR), are needed. The Cook Inlet 

Regional Citizen’s Advisory Committee (CIRCAC) has had a decade-long monitoring 

program, investigating whether contaminants in permitted industry discharges were 

accumulating in Cook Inlet and whether any such accumulations were affecting the

Prepared for submission to Environmental Science and Technology.



indigenous organisms. However, standard approaches have not led to clear identification 

of the sources of the low levels of hydrocarbons in Cook Inlet sediments (Lees et al., 

1999). Petroleum production, marine transportation of crude and refined petroleum 

products, and discharge of fuel oil from merchant and fishing vessels occur in many areas 

of Alaska’s coastal waters. Therefore, in addition to being a Cook Inlet and KBNERR 

management issue, identifying sedimentary hydrocarbon sources is an important need for 

Alaska’s coastal regions in general.

Kachemak Bay and Lower Cook Inlet

Kachemak Bay includes over 365,000 acres and is the newest addition to the 

NERR system. It branches from lower Cook Inlet, a large (3300 sq. mi.) glacially formed 

estuary in southcentral Alaska. Kachemak Bay has high primary productivity, due to 

upwelling of nutrient-rich water derived from the Gulf of Alaska, and an unusual 

abundance and diversity of marine life. Although fairly pristine, in part because of 

flushing provided by Cook Inlet’s extreme tides, the KBNERR is potentially affected by 

human activities. Of greatest significance to this report is offshore oil and gas 

development. Twelve platforms producing about 35,000 barrels per day are located in 

the Cook Inlet region, mainly in the upper Inlet about 100 km north of Kachemak Bay. 

Crude oil is transported to refineries by undersea pipelines and tankers, which also carry 

refined petroleum products through the Inlet, outbound to the Gulf of Alaska. North 

Slope crude oil from the Valdez Terminal of the Trans Alaska Pipeline is shipped to the 

Tesoro refinery at Nikiski, located about 125 km north of the KBNERR on the east side

2



of Cook Inlet. In addition, the KBNERR hosts heavy marine recreational use, resulting 

in small craft discharges of petroleum products.

Other potential hydrocarbon sources to the KBNERR include airborne 

combustion products (mainly for PAH), detrital coal, natural seeps within Cook Inlet, and 

marine and terrestrial organisms. Municipal wastewater from Anchorage, the largest city 

in the region, contains low levels of pyrogenic and petrogenic hydrocarbons typical of 

urban runoff, but is not likely to be a significant source to lower Cook Inlet sediments 

(Lees et al., 1999). Cook Inlet is surrounded by deposits of mostly immature lignite and 

subbituminous coals. There are also high grade coals in the Matanuska fields, which are 

drained by the Matanuska River into upper Cook Inlet. Sediment and bivalve analyses 

obtained by CIRCAC reveal the presence of aromatic hydrocarbons, particularly 

perylene, that may be derived from the coal (Lees et ah, 1999). The major known oil 

seep within Cook Inlet is located at Oil Bay, directly west of Kachemak Bay, across 

Cook Inlet. However, other natural seeps may exist in the Inlet, and also there is 

potential for transport from eastern Gulf of Alaska seeps such as those at Katalla, via the 

westward-flowing Alaska Coastal Current.

Since 1993, CIRCAC has conducted an Environmental Monitoring Program 

(EMP) to assess the environmental impacts of the oil industry in Cook Inlet. The 

monitoring was initially designed to determine if contaminants in permitted industry 

discharges were accumulating in Cook Inlet and whether any such accumulations were 

affecting the indigenous organisms. The focus has been on sediments, because of the

3



extremely high sediment loads in the areas of upper Cook Inlet, where the oil industry is 

concentrated, and because most of the contaminants of concern adsorb rapidly and 

strongly to sediment particles. The monitoring has included the aforementioned sediment 

analyses, PAH analyses of mussels and Macoma balthica (an infaunal bivalve) tissues, 

and various assays to assess any toxic effects of hydrocarbons on marine organisms.

The results of the EMP have been summarized by Lees et al., (1999); their review 

includes virtually all of the environmental hydrocarbon data available from Cook Inlet 

after the 1970s. PAH concentrations in sediments are low, averaging 83 + 9 ng/g dry 

weight (Lees et al., 1999). Concentrations show almost no pattern with regard to 

industrial sources, except for a few high levels in samples from the Kenai River Estuary. 

Aliphatic hydrocarbon concentrations averaged 910 + 200 ng/g dry weight. The highest 

average concentrations of aliphatics were found in Kachemak Bay, 1940 + 130 ng/g dry 

weight, and concentrations were also substantially higher than average in the Kenai River 

Estuary. All Cook Inlet sediment PAH concentrations were far below those normally 

regarded as toxic to benthic invertebrates. Total PAH levels in intertidal balthica 

from two uninhabited bays on the western side of Cook Inlet in 1996 were very low, 

averaging 350 ng/g dry weight. Subtidal organisms collected in 1993 had even lower 

values, averaging 56 ng/g dry weight.

Recently CIRCAC collected several coal samples from beach outcrops, including 

two located in Kachemak Bay. The coal samples contained perylene as the predominant 

PAH, and also had substantial concentrations of substituted naphthalenes, phenanthrenes, 

and anthracenes. There was an odd carbon number predominance to the chain length of

4



5

higher molecular weight n-alkanes, along with the high perylene concentrations, 

reflecting the immaturity of these deposits (Lees et al., 1999). More mature bituminous 

and anthracitic coals, such as those found in the Matanuska fields, have a lack of odd- 

carbon predominance and less perylene, and overall their hydrocarbon “fingerprint” is 

more similar to petroleum than that of immature coals (Short et al., 1999). PAHs in coals 

are less susceptible to weathering and less bioavailable than petroleum-derived PAH 

because they are contained within the refractory coal matrix (Short et al., 1999). Lees et 

al. (1999) employed double ratio plots (C3-dibenzothiophene/C3 -phenanthrene vs. C2 - 

dibenzothiophene/C2 -phenanthrene) to conclude that the aromatic hydrocarbon patterns 

in most Cook Inlet sediment samples resembled those from Cook Inlet wells or Katalla 

seeps. Most samples did not resemble Alaska North Slope crude, which has high levels 

of the sulfur-containing dibenzothiophenes. Nevertheless, some sediment samples 

resembled the local low-grade coals or, possibly, a mixture of Cook Inlet and small 

amounts of Alaska North Slope crude or other petroleum sources.

Lees et al. (1999) also found a positive correlation between levels of C0 -C4 

naphthalenes and sediment grain size, and high proportions (>50% of total PAH) of 

naphthalenes in some samples. This was unusual, because aromatic hydrocarbon 

concentrations are usually greater in fine-grained, organic rich sediments, and because 

naphthalenes tend to decrease relative to larger PAHs during weathering. These patterns 

were attributed to the presence of particulate coal. Other samples had compositions 

suggesting fuel or pyrogenic contributions. However, an overall conclusion of the EMP
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report (Lees et al., 1999) was that PAH signatures for sediments could not be directly tied 

to specific sources and that the data suggested undocumented or multiple sources. 

Hydrocarbon Source Identijicgtwn

The standard approach to identifying sources of hydrocarbons is “fingerprinting”. 

This method involves a detailed comparison of the composition of hydrocarbons in 

sediments with potential source materials (Boehm et al., 1997). For example, petrogenic 

PAHs generally have lower proportions of the unsubstituted compounds, like fluorene, 

phenanthrene, or chrysene, compared with certain alkyl-substituted homologues. 

Pyrogenic PAHs, from combustion sources such as fuel, coal, or wood burning, have 

more high molecular weight (four and five ring) PAHs and relatively greater 

concentrations of the unsubstituted components. Specific petroleum sources can 

sometimes be distinguished by comparisons of the relative abundances of certain PAHs. 

The many potential natural and anthropogenic sources complicate the assessment of 

residual oil contamination, as in the case of the Exxon Valdez oil spill (Kvendvolden et 

al., 1995; Page et al., 1996; Short et al., 1999). Weathering can also complicate source 

identification via the “fingerprinting” approach because, in general, it selectively removes 

the lighter and more water soluble hydrocarbons, unbranched or noncyclic alkanes, and 

the less alkyl substituted PAHs.

The carbon isotopic composition of individual hydrocarbons offers an additional 

means to differentiate between hydrocarbon sources. Isotopic composition should be 

used in conjunction with “fingerprinting” since the isotopic composition alone does not
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always improve discrimination (Mansuy et al., 1997). The carbon isotopic composition

of bulk crude oils is fairly well understood. Petroleum generation from source rock
1 ^ .

results in an average of about l%o increase in 8 C; increased maturity leads to increasing

513C, and oil to gas cracking increases the residual petroleum by about 3.5%o (Clayton,

1991). Clayton and Bjoroy (1994) have shown that increasing maturity also leads to

increasing SI3C of virtually all individual compounds measured (including n-alkanes,

isoprenoids, branched, cyclic, and aromatic hydrocarbons). In immature sediment

samples, the 8 C of individual biomarkers tends to vary substantially, due to the variety

of sources and biogeochemical transformations of sediment organic matter. However, in

pure oils the isotopic composition among components tends to be less variable (Bjoroy et

al., 1990; Collister et al., 1992; Clayton and Bjoroy, 1994). This is also apparently true

of many of the hydrocarbon constituents of a brown coal (Schoell et al., 1994), except

that hopane derivatives that likely originated from methanotrophic bacteria were about 10

to 30%o lower in 813C relative to the bulk coal. Bitumens from the Uinta Basin show a

similar large difference in 813C between the hopanes, probably originating from

methanotrophs, and isoprenoids and steranes, which were inferred to come from algae

and cyanobacteria. This pattern was reflected in the 813C of the total extractable

hydrocarbons (Ruble et al., 1994).

O’Malley et al. (1996) used PAH composition and the S13C of individual PAHs to 

quantify the primary sources of PAHs to St. John’s Harbor, Newfoundland, sediments. 

The 3-, 4-, and 5-ring PAHs derived from combustion sources, fireplaces and automobile



exhaust, were on average about l%o isotopically heavier than PAHs derived from 

crankcase oils. (The latter oils supply many of the hydrocarbons in municipal storm 

sewer runoff.) Sedimentary PAH 813C were intermediate between the combustion and 

crankcase values. Mixing models based on relative concentrations and S13C of 4- and 5- 

ring PAHs indicated that 20-50% of the sedimentary PAHs was derived from crankcase 

oil, while 50-80% was from combustion sources. Inclusion of the isotopic data improved 

discrimination and quantification of sources, showing crankcase oil contributions to some 

sediments that were not evident from the “fingerprinting” approach and allowing 

preliminary separation of automobile and fireplace combustion sources. O’Malley et al. 

(1994) conducted laboratory experiments on several PAH standards and found that 

photolytic degradation, biodegradation, or evaporation did not affect the isotopic 

composition.

Specific compound 513C analysis has the major advantage in that the isotopic 

values of individual hydrocarbons appear to be little-affected by physical weathering or 

biological decomposition. Mansuy et al. (1997) conducted GC-IRMS analyses of 

naturally and artificially weathered oils in order to determine whether weathering 

changed the isotopic composition of individual hydrocarbons, and whether this technique 

offered improved discrimination between sources of weathered oils compared with 

compositional “fingerprinting.” Their results demonstrated that, over two to four months, 

laboratory biodegradation, evaporation, and water washing did not affect stable isotopic 

composition of chromatographically resolvable oil components. They also showed that
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the isotopic composition of individual components of asphaltene pyrolyzates was not 

much affected by weathering, offering the possibility of relatively unambiguous 

identification of tarry oil residues. Gasoline range hydrocarbons do show small (0.5 to 

l%o), systematic changes in 8 C with evaporation (Whiticar and Harris, 2000), but such 

isotope effects would probably be much smaller for higher molecular weight compounds.

The determination of 513C of individual compounds in standard mixtures can be 

quite accurate and precise, with reported analytical error of 0.15 to 0.32 %o (e.g., Mansuy 

et al., 1997). However, the measurement is much more difficult in environmental 

samples, especially those that are highly weathered, so that resolvable components are 

reduced compared to the unresolvable complex mixture (UCM) (O’Malley et al,

1994; 1996; Mansuy et al., 1997). Precision and accuracy are also affected if two 

components with differing isotopic composition are incompletely resolved. This can be 

partly compensated for by careful background subtraction and the use of a standard 

addition approach. In the latter, standards of known composition are added to samples 

exhibiting the problematic background. Then, the peak selection and background 

correction are varied to give the correct isotopic composition for the component, and 

these conditions are then applied to the analysis of unknown samples (e.g., O’Malley et 

al., 1996). However, because of these analytical difficulties, it is likely that the most 

economical approach to routine application of this technique will be to identify a subset 

of compounds, which have readily measured isotopic composition and which offer 

discrimination among potential sources.
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This Study

The earlier studies using GC-IRMS for isotopic analysis of individual PAH 

(Mansuy et al., 1997 and O’Malley et al., 1996), did not address the hydrocarbon sources 

and weathering and biodegradation processes particular to Kachemak Bay. In the 

research described in this study, the hydrocarbon composition and the 5 3C of individual 

hydrocarbons were measured to assess the hydrocarbon composition in Kachemak Bay 

sediments. A hypothesis of this work was that coal and wood ash PAHs would have 

differing 5UC from petroleum because of differing origins in higher plants versus marine 

organisms. Changes in the hydrocarbon composition and §'3C of individual 

hydrocarbons were measured in the laboratory of crude and diesel oils during physical 

weathering, microbial decomposition, and macrofaunal decomposition in sediments. The 

hydrocarbon composition and the 5°C of individual hydrocarbons in sediment samples 

from Kachemak Bay and adjacent embayments within the KBNERR were also measured.

The first objective of this study was to develop and apply a methodology, for 

measurement of § 3C of individual hydrocarbons by gas chromatography-isotope ratio 

mass spectrometry (GC-IRMS) that would permit improved discrimination of 

hydrocarbon sources in KBNERR sediments. The second objective was to analyze 

sediment PAHs and potential major sources of PAHs in the Kachemak Bay area. The 

third objective for this study was to analyze specific hydrocarbons present in crude and 

diesel oils over a period of several weeks, as they were microbially decomposed in 

sediments, to investigate whether the §'3C of the individual hydrocarbons remained stable



as microbial degradation occurred. The fourth and final objective was to look at how 

weathering and degradation of PAHs in sediments inhabited by the clam Macoma 

balthica affected the 8L’C of hydrocarbons in North Slope crude oil and diesel oil. 

Methods

Sample Collection

Sediment samples were collected from locations in Jakolof Bay and the mouth of 

Kasitsna Bay. Coal samples were obtained from several coastal sites along Kachemak 

Bay near Homer, Alaska including Mud Bay, Bishops Beach and Homer Spit (Figure 1). 

Ash samples from residential wood stoves in Homer, Alaska, were also collected to help 

determine the source of the background PAHs in the sediment samples. All of the 

individual samples were placed in clean sample jars that were washed and baked in a 

450°C muffle furnace. The samples were then frozen immediately. Sediment samples 

for decomposition experiments were collected at the head of Jakolof Bay. These samples 

were refrigerated at 5°C for two days until used in experiments.

For the tank experiments the intertidal bivalve Macoma balthica was identified as 

an appropriate experimental organism. The bivalve is abundant in Alaskan waters, and as 

a surface deposit feeder, at low current velocities, and a suspension feeder, at higher 

current velocities, would incorporate significant amounts of sediment (Stekoll et al., 

1980). Several previous studies were successful using the clams in laboratory exposure 

studies (Clement et al. 1980 and Feder et al. 1976). balthica was collected at the head

of Jakolof Bay, approximately two miles from the Kasitsna Bay Laboratory. Six

2
transects had an average of 46 clams per 11.2m . The natural clam density was
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mimicked by use of 13 clams per tank in the biodegradation experiments. In addition to 

the clams used in the experiment, three clams were analyzed for hydrocarbon content 

prior to the experiment.

The M. balthica were placed in a tank with circulating seawater for four days 

prior to beginning the experiment. This allowed the clams to acclimate to the tanks.

There was no mortality during this acclimation period.

Experimental Design

Microbial Degradation Experiments in Closed Systems 

The effect of microbial degradation was investigated using a series of half-pint 

Mason jars. Approximately 70 grams of the Jakolof Bay sieved (1mm sieve) sediment 

was added to each jar after being homogenized with cleaned and sanitized stainless steel 

spoons, resulting in a sediment depth of approximately 3.5cm. One triplicate set of 

Mason jars was prepared for each sampling time; however it was later necessary to 

combine these jars to obtain sufficient levels of PAHs for isotopic analysis. A sufficient 

number of jars were prepared initially so that three jars could be analyzed at the 

following times: the beginning of the experiment, one week, two weeks, three weeks, five 

weeks, three months and one year (Table 1). Three different types of oil were used for 

this experiment. One set of jars contained North Slope crude oil, a second set contained 

weathered diesel oil, and a third set contained Cook Inlet crude oil. The oil was 

transferred to the jars using a positive displacement pipette and mixed with the sediment 

using a stainless steel spoon. For both the North Slope and Cook Inlet crude oil, 2.4 pL 

of the oil was added to each Mason jar, except the ones destined to be incubated for one
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year. The diesel oil used for the experiments was first weathered for ten days in an open 

container, shielded from sunlight. This allowed for the removal of some of the more 

toxic volatile hydrocarbons. For weathered diesel, each jar received 7.2 pL except the 

one-year jars. For the one-year experiment, 12 pL of crude oil was added to each jar and 

36 pL of diesel; five times the usual amount of oil was used to ensure that sufficient 

PAHs would remain for the entire experimental procedure. Sea water from Kasitsna Bay 

was placed on top of the sediment to a level of 5 cm above the sediment. During the 

experiment the jars were kept refrigerated at 5° C. Throughout the experiment, the jars 

were opened every 48 hours to renew the air in the system, as aerobic conditions are 

necessary for rapid microbial degradation of hydrocarbons (Leahy and Colwell, 1990).

At the end of each sampling period, the jars were removed from the refrigerator and the 

layer of surface water removed using a Pasteur pipette. Once the surface water was 

removed, the jars with sediment were recapped and placed in a freezer, where they were 

stored until the extraction procedure was conducted.

Biodegradation Experiments in Circulating Systems with Macoma balthica

A. Experimental Procedure 

In order to determine the effect of weathering and the activities of balthica in 

an open system with macrofauna on the hydrocarbon content and isotopic composition, a 

set of twelve 5.5-gallon aquarium tanks were used. The aquarium tanks were first 

washed with diluted dishwashing detergent. Each tank was rinsed with fresh water ten 

times and with sea water four times. The fourth sea water rinse was run for 24 hours
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through the entire system including the water pumps and drying tubes stuffed with glass 

wool. Water samples from the final sea water rinse of six randomly selected tanks were 

collected and stored in a freezer to be analyzed for contaminants. Samples of water 

obtained from the final cleansing rinse of the tanks before use in the weathering and 

macrofaunal degradation experiments were frozen and subsequently analyzed for the 

presence of PAHs. The rinses showed no detectable PAHs.

All glassware used during the experimental procedure, as well as the glass wool 

used as a filter, was baked in a muffle furnace at 450°C overnight before use. The tanks 

were completely covered with 0.114 cm thick black plastic that acted as a barrier to light, 

deterring the growth of algae. As aromatic hydrocarbons are photosensitive (Zepp and 

Cline, 1977) covering the tanks also prevented photo-degradation.

Before being placed in the aquaria, the sediment was sieved through a 1mm mesh 

in order to remove macro fauna. The sediment used for the tank experiments came from 

the same sediment pool used for the jar experiments. Once the sediment was 

homogenized by stirring with a stainless steel spoon, 1.75 grams/cm of sediment was 

placed in each aquarium to a depth of approximately 3.8 cm (similar to the depth of 

sediment from the jar experiments). This amount of sediment allowed establishment of a 

population density of M. balthica in the tanks similar to that in Jakolof Bay. Two 

different types of oil were used during this experiment. Tanks 1-3 and 7-9 contained 

North Slope Crude oil. Tanks 4-6 and 10-12 contained weathered diesel oil (Figure 2). 

The diesel oil was weathered by allowing it to sit outside in an open container for 7 days 

shielded from direct sunlight. This allowed some of the more volatile and toxic
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hydrocarbons to evaporate. The weathering was minimal and so did not completely 

eliminate all of the toxic components. It was determined that 10 pg of crude oil per gram

of wet sediment would be enough to allow measurement of the 5I3C of the individual 

PAH without killing the clams. Previous studies (Clement et al. 1980 and Feder et al. 

1976) demonstrated the survival of M.balthica under much more extreme situations, 

including up to 530 pg of crude oil per gram of dry sediment. As there was 

approximately 3187.5 cm of sediment per each tank, 64 pL of crude oil was added. For 

the diesel oil, three times this amount was added, 192 pL. The crude and diesel oil were 

added to the tanks via a positive displacement pipette. The sediment and oil for each tank 

were mixed using cleaned and stainless steel spoons cleaned with soap, water and 

methylene chloride. Separate spoons were used for the different oil types.

After the oil was added and before the clams were placed in the aquaria, sediment 

samples were removed for later analysis. Triplicate samples of approximately 40 grams 

of sediment were removed from the surface to approximately 1.5cm depth from each 

aquarium using a stainless steel spoon on the initial set-up day, and at one week, two 

weeks, three weeks, four weeks and five weeks. Thirteen balthica were then added to 

six of the tanks. The clams were placed on the surface of the sediment and allowed to 

bury themselves before the addition of seawater. Tanks 1-6 were the established control 

tanks, only containing sediment and oil. Tanks 7-12 were the experimental tanks that 

included the sediment, oil and M.balthica. The tanks were gently filled with seawater to 

a level of 5 cm above the sediment, by slowly pouring it down the side of the tanks. This
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procedure resulted in minimal disturbance to the sediment. Throughout the experiment,

M. balthica were removed if they had surfaced, which was an indication that they were 

weakened or dead (Clement et al., 1980 and Feder et al., 1976). These M. balthica were 

immediately stored in an individually labeled plastic bag and frozen. After five weeks 

the experiment was terminated and the remaining sediment removed and frozen in quart 

sized Mason jars. From each tank, at least three balthica were removed and frozen for 

tissue analysis.

B. Tank Set-up for Experimental Procedure 

The tanks were placed in two larger (approximately 1 m X 2 m) continuous flow 

tanks that allowed fresh seawater from the bay to be continuously pumped around the 

tanks, serving as a water bath (Figure 2). The level of the fresh seawater pumped around 

the tanks in the water bath was equal to that within each individual tank. As a result, the 

temperature of the water inside the tanks fluctuated with the temperature of the bay. A 

pump and filter system was attached to each tank. The water pumps were magnetically 

coupled powered pumps, and therefore they needed to be water resistant. Each water 

pump was encased in a plastic container with an open bottom to prevent the pumps from 

overheating. The water was continuously filtered with glass wool and pumped back into 

the tank. This filtration system consisted of a drying tube stuffed with glass wool at the 

outflow end of each water pump. The glass wool was replaced approximately every 48 

hours. Air pumps were also attached to each aquarium tank. Both the water and air 

pumps used silicone tubing. If the water level within the tanks were to decrease due to 

evaporation, the tanks were replenished with fresh seawater.
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The aquarium water temperature and salinity were measured daily. The 

temperature and salinity of the tanks were maintained throughout the experiment at 11- 

12°C and 25 psu, respectively, with the exception of July 26th, when the laboratory’s 

seawater pump shut down for approximately 12 hr, allowing the temperature of the tanks 

to rise to 15°C. There was no significant change in salinity and the temperature returned 

to normal within 3 hr. Once the tanks were completely set up in the continuous flow 

units, they were covered with large sheets of 6 mil black plastic to further prevent 

exposure to sunlight.

Laboratory Procedure

Sediment Extraction

All samples were frozen and stored at -40°C until the day before they were 

extracted. Samples were then allowed to thaw in a 5°C refrigerator. Each sample was 

transferred into a pre-weighed thimble. Coal samples were ground using a mortar and 

pestle prior to being placed into the thimbles, allowing for a more thorough extraction. 

The coal samples collected from the Homer spit were ground using a Crescent Dental 

Manufacturing Company Wig L Bug® model Amalgamator, since they were too dense 

for manual grinding. Fritted glass Soxhlet thimbles, to be used for extraction, were water 

washed, then baked in a 450°C muffle furnace overnight before use. Once the sample 

was completely transferred, the thimble was weighed again, allowing for the wet weight 

of the sample to be recorded (Table 2). Figure 3 illustrates the entire extraction 

procedure. Each sample was then spiked with 400 pL of the internal standard. Each 

thimble was placed into an extraction apparatus that included a Soxhlet extractor, a



condenser and a 500 mL round bottom flask. The round bottom flasks were filled with 

150 mL of hexane and 150 mL of methanol. For each new bottle of hexane used, one 

blank extraction was run. Of the twenty blanks only three had measurable hydrocarbons, 

with concentrations ranging from 0.02 to 0.7 pg/g. The hydrocarbons in the blank did 

not interfere with the measurement of PAH reported here.

The samples were then extracted for 48 hr at 50° C to minimize solvent loss. 

During the extraction occasional hexane and methanol rinses helped to wash retained 

sample from the condenser and to maintain the initial volume of solvents. The reflux rate 

of the system varied depending upon the sediment type. For the less dense samples the 

rate was about one cycle every 20 min and for denser samples it was about one cycle 

every 30 min. Once extraction was completed, the extractor was shut down and allowed 

to cool and each condenser was rinsed one final time. The Soxhlets were removed from 

the round bottom flasks and any solvent left in the Soxhlet or sediment was rinsed into 

the round bottom flask three times. The thimble and sediment were dried for 24 hr at 

40°C and then weighed in order to obtain a dry weight of the sample extracted (Table 2).

Each extract was then placed into a 1 L separatory funnel to which 50 mL of 

organic free water and 100 mL of hexane were added. The funnel was shaken vigorously 

for 1 min and allowed to sit for 5 min. The bottom methanol layer was returned to the 

original round bottom flask. The hexane extract was then collected in a clean round 

bottom flask. The methanol layer was returned to the separatory funnel and extracted 

twice more with 100 mL of hexane. The hexane extract was stored overnight with 25 g 

of sodium sulfate.
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The hexane extract was removed from the sodium sulfate and placed into vials for 

concentration in a Zymark Turbo-vap® II concentration workstation. The Turbo-vap® 

uses a stream of high-purity nitrogen to bring the sample down to a desired volume. At 

this point, the triplicate samples were pooled together and brought down to -20 mL. The 

sample was then filtered using a vacuum filtration system supplemented with 300 pg of 

60 pm silica gel, which was baked overnight at 450°C. The filtration was repeated three 

times to obtain the desired clarity. The sample was placed back into the Turbo-vap® and 

brought down to 2 mL, after which it was stored in a sealed vial until injected into the 

High Performance Liquid Chromatography (HPLC) system.

Tissue Extraction

Three different procedures were tested with blanks spiked with the hydrocarbon 

standards for the tissue extraction. Two of the procedures used almost the same method 

used for the sediments. However, one used only half the amount of solvents for the 

extraction and the other the same amount of solvents. The third method used 10 mL of 

10 N potassium hydroxide and 5 mL of hexane to extract the tissue (Shaw and Wiggs, 

1980). The extraction method described for the sediments recovered the highest 

concentration of hydrocarbons from the samples, and was used for the analyses reported 

here.

For the M.balthica tissues, the extraction method was slightly modified. Because 

the M.balthica tissues had undetectable amounts of PAH when analyzed individually, the

clam tissue from each tank was pooled. The tissue was removed from the shell with 

tongs and placed in a pre-weighed thimble and wet weight of the tissue recorded. Once
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placed in the Soxhlet thimble, the M. balthica tissue was homogenized using a Teflon 

stirring rod and a 50:50 hexane/methanol rinse. The extraction set up was run for 48 hr. 

After cooling the tissue extracts were separated in 1 L separatory funnels. The lipids 

caused a thick emulsion to occur during the separation procedure. Therefore, 10 mL of 

saturated salt (NaCl) solution was added to break up the emulsion. Differing from the 

sediment samples, 25 g of NaSCL was not enough to adequately dry the solution; 35 g 

was required. The rest of the tissue extraction procedure followed that used for 

sediments.

The tissue of M.balthica samples from Jakolof Bay and each experimental tank 

were extracted and analyzed for isotopic composition and concentration of PAH. The 

three samples taken directly from the bay were pooled for extraction in order to obtain 

detectable levels of PAH. The clams analyzed from each tank were also pooled for the 

same purpose.

High Performance Liquid Chromatography

Each sample was injected into the HPLC for separation. The purpose of the 

HPLC was to allow for the separation of alkane and aromatic hydrocarbons. The HPLC 

system utilized consisted of a Gilson 302 model pump accompanied by a Linear Uvis 200 

UV-visible detector set at 254 nm, a Gilson 81 IB dynamic mixer, a Gilson 201 fraction 

collector and a Gilson HPLC controller (version 1.20). The preparatory column 

contained Phenomenex Phenogel 100-A size exclusion packing, 22.5 X 250 mm. The 

guard column contained Phenomenex Phenogel 100- A size exclusion packing, 7.8 X 50
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mm. The mobile phase solvent was 100% methylene chloride at a flow rate of 4 mL/min 

for 30 min.

After an initial HPLC separation of a standard demonstrated that all PAH were 

eluted between 14 and 20 min after sample injection, a 2 mL calibration standard of 

aromatic hydrocarbons, the EPA 610 Polynuclear Aromatic Hydrocarbons Mix, was 

injected into the HPLC and collected at 1-min intervals (every 4 mL) from 14 to 20 min 

after injection. Each fraction was then placed in a Turbo-vap and concentrated to -1 mL. 

The fractions were analyzed by gas chromatography by the method of Feder and Shaw 

(1996). Based on the results, HPLC effluent collection was begun at 15 min and ended at 

20 min. This allowed for the collection of the majority of aromatics while minimizing 

interference from alkanes.

For each sample, the aromatic-containing portion of eluent (15-20 min) was 

collected into a vial that was subsequently placed directly into the Turbo-vap. While 

being concentrated in the Turbo-vap, the sample was periodically rinsed several times 

with hexane to allow it to replace the methylene chloride. Hexane is less volatile and 

allowed the samples to be stored for a longer period of time without loss of solvent. The 

sample was then concentrated a second time to a final volume of -100 pL. The 

concentrated sample was stored at 5 °C in a 2 mL amber glass vial with a conical insert.

Gas Chromatography-Isotope Ratio Mass Spectrometry (GC-IRMS)

To determine the optimal conditions for the Gas Chromatography-Isotope Ratio 

Mass Spectrometry (GC-IRMS) for analysis of the sediment samples, an entire set of old 

(i.e., previously collected for other purposes, but not used) sediment samples was
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extracted using essentially the same extraction procedure that would be utilized during 

the experiment. The GC-IRMS analyzes samples and returns the isotopic composition 

reported as:

6I3C-PDB (%o): 513C = [((13C/12C)samp,e /(13C/12C)standard) -1 ] * 1000 

PDB stands for “Pee Dee Belemnite”, the standard to which the isotopic composition is 

referenced. In order to optimize the GC method, several spiked blanks, crude oil and 

diesel oil samples were run through the entire procedure. The amount of oil used in each 

Soxhlet extraction corresponded to the amount of oil added to each sample. For North 

Slope and Cook Inlet crude oil, 2.4 pL were extracted. For the diesel oil, 7.2 pL was 

extracted. Analyzing these samples on the GC-IRMS was difficult, as the hydrocarbon 

peaks were not large enough to be accurately analyzed because of the poor signal to noise 

ratio. Three times the original amount of oil was needed to produce sufficient signal. 

Therefore, the triplicate jars from the biodegradation experiments were pooled for 

extraction. The PAHs that this study focused on were fluorene, phenanthrene, 

fluoranthene, chrysene and perylene. These five hydrocarbons were chosen because 

their huge concentrations in the oils analyzed made them the most easily resolvable peaks 

in the matrix.

The samples were analyzed by the Alaska Stable Isotope Facility using an HP 

6890 Series Gas Chromatograph interfaced to a Finnigan Delta Plus IRMS through the 

Finnigan GC Combustion III. The GC column used was a HP-5, coated with 95 % 

methyl silicone and 5 % phenyl. Just before GC-IRMS, the sample was brought down to 

a volume of 10 pL using a hand-held nitrogen stream. Each series of analyses began with
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blank instrument runs and an internal/external standard run. Approximately 1 pL of 

sample was injected into the instrument for each run. The instrumental output included

13
the retention time of the peak, the peak height and the 8 C of the hydrocarbon 

composing the peak. The peak height was determined by a baseline to baseline method 

on the 44 mass (mass of 12C02). The detection parameters were 0.2 mV/s for the start 

slope and 0.4 mV/s for the end slope. The background was determined by using the lower 

portion of the baseline just before or just after the peak. The “just before” method was 

used for all of the PAHs except for fluoranthene, where the “just after” method was used. 

Background correction was applied to the data according to IsodatNT version 1.21 

individual BGD background correction with a five second history. The size of the 

background with respect to each PAH varied from sample to sample. The typical 

background signal ranged from 50 to 200 mV, and the analytical peak heights of the 

PAHs ranged from 50 mV to 2 V. These results were stored on disk and in hard copy for 

later analysis. For some samples, it was necessary to manually change the beginning or 

end point of the peak, to remove the effect of small shoulder peaks. The manually

13
corrected peaks were those whose initial 8 C values deviated substantially from the 

mean value for a series. Most, but not all, such peaks required correction. A random

13
selection of 50 peaks with normal 8 C values for their series was also checked; none of 

these peaks required manual correction. The concentration of each PAH was determined 

by comparison to the internal standards. The GC-IRMS settings used for running the 

samples were: Initial temperature -  65°C, Initial time -  2:00 min, Rate 1 -  4°C/min,

23



Column flow -  3.5 mL/min, Final temperature -  280°C, Final time -  14.25 min, Total 

time -  70 min.

Hydrocarbon standards were run on the GC-IRMS every day before the sample 

runs. Six hydrocarbons were present in the standard solution. The isotopic compositions 

obtained from these preliminary standards had standard deviations of 1.4 %o or less 

(Table 3).

The external PAH standard consisted of 5 mg of perylene, 5 mg of chrysene, and 

5 mg of phenanthrene in 25 mL of methylene chloride. The internal standard consisted of 

23.5 mg of 1-ethylnaphthalene, 18.3 mg of acenaphthene - dlO and 9.5 mg of 

benzo[b]fluoranthene in 500 mL of hexane. These solutions were run repeatedly on the 

GC-IRMS, along with a hydrocarbon calibration standard. The calibration standard was 

Mixture “A” of fifteen n-alkanes (C-16 to C-30) (A. Schimmelmann, Indiana University, 

http://php.indiana.edU/~aschimme/hc.html#table). The mean measured 813C for each of 

the components was within ±0.5 % o  of the nominal value. The instrument precision (for 

dry CO2 gas) was <+0.3 % o .

Statistical Methods.

The presence of outliers within the microbial degradation and macrofaunal 

degradation experiment data sets was determined by the Tukey test for outliers (Table 4). 

Data points determined to be extreme outliers were excluded from the linear regressions. 

A t-test (Table 4) determined whether or not the slopes from the linear regressions 

performed on the microbial and macrofaunal degradation data sets were significantly
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different from 0. A z-test (Table 4) was performed to determine if the initial 

concentration data point for each hydrocarbon was significantly different than the mean 

of the remaining data, for both the microbial and macrofaunal degradation data sets.

An f-test (Table 4) was used to determine if the variance of the 513C data from 

each hydrocarbon in both the microbial and clam degradation experiments was 

significantly different than the variance of the standard runs of that hydrocarbon (Tables 

5 and 6a -  6b). Fluorene and fluoranthene were not run as standards; therefore, their 

variances were compared with the standard closest to them in the elution sequence. 

Fluorene was compared to acenaphthene - dlO, and fluoranthene was compared to 

phenanthrene. The internal standards all had variances that were statistically similar for 

all three oil types, with a few exceptions (Table 7a). For all three oil types, phenanthrene 

and perylene had variances similar to the standard. Phenanthrene and perylene seemed to 

be the least affected by the matrix of the oil and sediment, allowing their isotopic 

composition to be measured more precisely.

In the macrofaunal biodegradation experiments the internal standards all had 

variances that were statistically similar for both oil types, with the exceptions noted in 

Table 7b. As with the microbial degradation experiments, the isotopic composition of 

both phenanthrene and perylene were measured precisely in the North Slope crude oil but 

not the diesel oil.
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Results

Sediment. Coal. 4,s7; and Oil Samples

Sediments from three different locations around Kachemak Bay were analyzed

1 T

(Tables 8-11). The Jakolof Bay and Jakolof Dock sediments had similar 8 C values for 

all of the PAHs. Compared with Jakolof Bay and Jakolof Dock sediments, Kasitsna Bay 

sediments had lighter 513C values for fluorene, phenanthrene and chrysene, and a much 

heavier 5I3C for fluoranthene, but the latter 513C value had a high standard error of 3.1 %o 

(Tables 9-10, Figure 4). The concentrations for phenanthrene, chrysene and perylene in 

the Jakolof Dock sediment were less than those from the Jakolof Bay sediment (Tables 9

11, Figure 5). The concentrations of PAHs in Kasitsna Bay sediment were the lowest of 

all. Samples of beach coal from three locations around Kachemak Bay were analyzed 

(Figures 6-7). The concentrations of all PAH, with the exception of perylene, were 

greatest in the Mud Bay coal samples and progressively less in samples from Homer Spit 

and Bishops Beach (Tables 9-11). The 513C of individual PAH were similar among the 

coal samples, within analytical error, except that fluoranthene values differed between 

Mud Bay coal and Homer Spit coal. The mean phenanthrene, chrysene, and fluorene 

813C values were isotopically heavier than the mean for perylene (Figure 6).

Ash and soot samples from two different wood stoves located in Homer, Alaska, 

were analyzed. The first wood stove burned only wood. The phenanthrene and chrysene 

513C values from the first wood stove were lighter than those for the second wood stove, 

which burned garbage as well as wood (Figure 6). The concentrations of fluorene,
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phenanthrene, and fluoranthene were much less and the concentrations of chrysene and 

perylene were greater in the wood stove with garbage (Tables 9-11).

The 8I3C of PAHs in two crude oils and diesel fuel are shown in Figure 8. The 

two crude oils were similar within error, except chrysene was slightly heavier for the 

North Slope crude oil. The 813C of the individual PAHs within each oil sample were also 

uniform, except that phenanthrene was isotopically lighter than fluorene and chrysene in 

North Slope crude oil (Table 12).

Microbial Degradation Experiments in Closed Systems

North Slope Crude Oil

The concentrations of phenanthrene, fluoranthene, and chrysene in the North 

Slope crude oil microbial degradation experiment decreased within the first seven days 

(Tables 13-16). The z-test showed that the initial concentration data points of 

phenanthrene, fluoranthene, and chrysene were significantly different than the remaining 

data points. Those initial data points were not included in the linear regressions of 

concentration vs. time because they were significantly different than the remaining data 

points (1 week -  lyear). The linear regressions performed on the concentration data of 1- 

ethylnapthalene (internal standard), fluorene, and perylene included the entire data set, as 

their initial data points were not significantly different from the rest (Figures 9-12). A t- 

test (Table 4) determined that the slopes from the linear regressions were not significant. 

The 8i3C of each PAH vs. time were analyzed using linear regression. These data sets all 

had insignificant slopes (Figures 9-12).
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Cook Inlet Crude Oil

The concentrations of fluorene, phenanthrene, and fluoranthene from the Cook 

Inlet Crude oil microbial degradation experiments decreased within the first fourteen 

days (Tables 14-15). A z-test showed that the initial concentration data points of 

fluorene, phenanthrene, and fluoranthene were significantly different than the remaining 

data points; those initial data points were not included in the linear regressions. The 

linear regressions performed on the concentration data of 1 -ethylnapthalene (internal 

standard), chrysene, and perylene included the entire data sets as their initial data points 

were not significantly different (Tables 13-16, Figures 13-16). A t-test determined that

the slopes from all of the linear regressions of concentration vs. time were not significant.
1

The isotopic signature for each PAH remained unchanged, with the exception of 5 C of 

acenaphthene -  dlO, which had a small slope of -0.006 % o  day'' (Figures 13-16). This 

indicates that the acenaphthene -  dlO was getting isotopically lighter, but to a very small 

extent. Because acenaphthene -  dlO is an internal standard we would expect its isotopic 

composition to remain stable throughout the series of analyses. The very small change 

may be the effect of the internal standard aging during the period over which the samples 

were analyzed.

Diesel Fuel

The concentrations of phenanthrene from the diesel oil microbial degradation 

experiments dramatically decreased within the first seven days (Tables 14-16). A z-test 

showed that the initial concentration of phenanthrene was significantly different than the 

remaining data points. Therefore, that initial data point was not included in the linear



29

regression. The linear regressions performed on the concentration data of 1 - 

ethylnapthalene (internal standard), fluorene, fluoranthene, chrysene, and perylene 

included all of the data, as their initial data points were not significantly different. A t- 

test determined that the slopes for the linear regressions were not significant, with the 

exception of fluorene, which had a slope of 0.0003 pg g'1 day'1. The 513C of each PAH 

vs. time, from day 1 to day 365, was analyzed using linear regression. All data sets had 

insignificant slopes (Figures 17-20).

PAH Ratios

PAH concentration ratios to the largest, most stable hydrocarbon present, 

perylene, were calculated (Table 17). Throughout the North Slope Crude oil microbial 

degradation experiments, fluorene, phenanthrene, and chrysene all maintained a 

consistent ratio to perylene, with the exception of a significant drop in the phenanthrene 

and chrysene ratios from day 1 to day 7. The ratios of fluoranthene were more variable, 

with an initial decrease and then random variation (Figure 21). For the Cook Inlet Crude 

oil microbial degradation experiment, there was a large decrease in the ratio of 

phenanthrene to perylene from day 1 to day 14, but from day 35 to day 365 the ratios 

increased (Figure 22). During the diesel fuel microbial degradation experiment, the 

chrysene to perylene ratio remained fairly constant throughout the entire experiment. 

Fluorene, phenanthrene, and fluoranthene ratios to perylene were variable (Figure 23).
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Biodegradation Experiments in Circulating Systems Macoma balthica

North Slope Crude Oil

Linear regressions of concentration vs. time performed on results of these open 

system degradation experiments used all data points. A t-test (Table 4) determined that 

the slopes of the linear regressions from the North Slope crude oil data were not 

significant, with the exception of those for fluorene in four tanks, phenanthrene in tank 9 

and perylene in tank 3 (Table 18a). The 813C of each PAH vs. time was also analyzed 

using linear regression. The isotopic signature for each PAH remained unchanged, with 

the exception of 813C of fluoranthene in tank 1, chrysene in tank 3, and perylene in tank 9 

(Table 18a). Tanks 1-3 all were control tanks with North Slope crude oil and were 

thereby replicates of each other. Tanks 7-9 were replicate tanks of North Slope crude oil 

with clams (Figure 2). Because they can be considered replicate tanks, their data were 

pooled and reexamined statistically. Linear regressions and t-tests were run on the 

pooled data and the results are summarized in Table 18b. Two significant slopes were 

found, a negative slope for the concentration of fluorene in tanks 1-3 and a positive slope 

for the concentration of phenanthrene in tanks 7-9 (Figures 24-27 and Figures 28-31).

A z-test was performed on both the individual tank data and the pooled tank data 

to determine if the first data point was significantly different than the mean of the rest. 

The tanks showed both significantly greater and smaller concentrations of specific PAHs 

at the start of the experiment (Tables 19a and 19b). This may be the result of the 

heterogeneous mixture of sediment and oil. A few PAH had significant changes in their 

isotopic signatures, which may be due to analytical error. Both tank 1 and tank 8 have
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several PAHs with significantly heavier isotopic signatures at the initial time. For tank 8 

all of the external standards show this heavier trend for the initial data point, which 

suggests instrumental error or that the standard itself may have caused the difference.

Diesel Fuel

A t-test (Table 4) determined that the slopes of linear regressions performed on 

concentration data from the diesel oil macrofaunal degradation experiments were not 

significant with two exceptions. Fluorene and perylene from tank 5 had small significant 

slopes o f-0.0003 pg g'1 day'1 and -0.0009 pg g'1 day'1 (Table 18a). Linear regressions of 

PAH vs. time all had insignificant slopes with the exception of 1-ethylnapthalene from 

tank 4, with a slope of 0.053 % o  day , indicating an isotopically lighter trend (Table 

18a). As with the North Slope crude oil tanks, the diesel fuel tanks were also pooled and 

the resulting data analyzed (Table 18b). Tanks 4-6 represented the control diesel fuel 

tanks and all the slopes were determined to be insignificant. Tanks 10-12 represented the 

diesel fuel with clams and had a significant positive slope for the isotopic signature of 1- 

ethylnapthalene (Figures 32-35 and Figures 36-39). A z-test performed on both the 

individual and pooled data sets for diesel had similar results to that done using the North 

Slope crude oil data (Tables 19a and 19b).

Macoma balthica Samples

Clams not used in the experimental procedure, contained the same PAHs analyzed 

in the Jakolof Bay sediment, but at very low concentrations. The balthica analyzed 

from the tanks contained the PAHs at much greater concentrations. The isotopic



composition of the hydrocarbons from the clams corresponded to that of the sediment 

from their tanks (Tables 20-23).

Discussion

Analytical Precision

A commercially available GC-IRMS system was successfully used to measure the 

isotopic composition of individual PAHs in environmental samples. The sensitivity of

13
the measurement was excellent. The 5 C of as little as 10 ng of a PAH could be 

measured precisely. The analytical precision for PAH standards was <1.4 % o . The 

analytical precision for internal standards (1-ethynaphthalene, acenaphthene-dlO, and 

benzo[b]fluoranthene), which where carried through all analytical steps including 

extraction, HPLC, and evaporative concentration, were similar (Tables 5 and 24). The 

analytical precision for the five PAHs measured in the decomposition experiment 

samples, fluorene, phenanthrene, fluoranthene, chrysene, and perylene, varied from 1.0 to 

2.8 % o  among the PAHs and different experimental series, and averaged 1.6 % o  (Table 5). 

The slightly poorer precision for these samples, compared with the standards, was 

probably due to the smaller size of the peaks relative to background. However, also note 

that these samples were not replicates, but rather samples taken over time during a 

decomposition experiment that showed no temporal trend in isotopic composition. While 

precision for fluoranthene was not much worse than for other PAHs in the degradation 

experiment samples, the analytical variability in oil samples (about 5 % o )  was too large 

for the data to be useful, because fluoranthene was a small peak above a complex 

background. Given the difficulty of measuring 5 C for the small concentrations of
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PAHs in these samples, the slightly increased variance for some PAHs, compared with 

the variance for standards, is attributable to analytical error. There is no indication that it 

resulted from decomposition.

The instrumentation software usually performed peak integrations and 

background corrections accurately, but manual corrections were necessary about 10 % of 

the time. Because there was no clear pattern to errors, all anomalous isotopic values 

needed to be checked. Randomly selected peaks were also checked, to verify that when 

data fell within the normal range for a sample series, integrations and background 

corrections were carried out correctly by the software. This was true for all randomly 

selected peaks.

Sediment. Coal, and Ash Samples

Our study was designed mainly to evaluate the GC-IRMS method for better 

characterization of sediment contaminants and to look at the major hydrocarbon 

components, rather than to comprehensively assess the sources of PAHs to sediments of 

Kachemak Bay. Hence we analyzed only a limited number of sediment samples and 

source materials. The potential source materials analyzed included Cook Inlet crude oil, 

North Slope crude oil, and diesel fuel, wood stove ash, and local coals. Most of these

13
materials had relatively similar 8 C for the PAHs analyzed (Figure 40). The hypothesis

13
that the 8 C values of the PAHs in Kachemak Bay region coals would be less than those 

of PAHs in Cook Inlet or North Slope crude oil was not supported by the data. Although

13
coal, crude oil, and diesel 8 C values of PAHs could be distinguished, different PAHs in
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13 13
oils had either heavier or lighter 8 C than the coals. The differences in 8 C were not 

more than 2 %o for most PAHs, and variability within the oil or coal groups was of

13
similar magnitude. The 8 C of chrysene and fluorene in Cook Inlet and North Slope 

crude oils were significantly different, with the Cook Inlet PAHs being isotopically 

lighter in both cases. The chrysene and perylene of both the woodstove ash samples were 

somewhat heavier than the other potential sources (Figure 40). The coal samples 

analyzed had a perylene value that was slightly lighter than those of the other potential 

sources (Figure 40). The PAH isotopic composition for all of the sediment samples were

13
similar and distinct from the source materials (Figure 40), based on the 8 C of 

phenanthrene. Tentatively, the isotopic composition of the sediment samples could be 

explained as a mixture of one of the coals (Bishop’s Beach) and ash from burning 

garbage. However, the ash composition might be quite variable depending upon what was 

burned and the combustion conditions. While we found that different sources such as 

coal, ash, and oil were distinguishable through their isotopic signatures, the main source 

of hydrocarbons to the sediments analyzed was apparently not one of the sources we 

chose to examine, and further research is necessary to determine what that source may be.

The relatively low concentrations of PAH present in the Kasitsna Bay sediment 

may be the result of the sediment composition (Tables 8-11). Both Jakolof Bay and 

Jakolof Dock sediment consisted of very fine particles, whereas the Kasitsna Bay 

sediment was much coarser and contained many shell fragments. According to Baumard 

et al. (1998), higher molecular weight PAH such as phenanthrene, fluoranthene,
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chrysene, and perylene are more prevalent in sediments with smaller grain size as shown 

in the Jakolof Bay and Jakolof Dock sediment (Tables 8-11).

The isotopic values determined for the sediment and wood stove ash samples in 

this study are compared to those from other papers (Table 25). The values determined for 

the sediment in this study differ from those examined in the literature, as the other studies 

reviewed examined very highly contaminated sediments. The sediment samples from 

this study all had similar 813C values within the variance. The values from sediment 

examined in Stark et al. (2003) and O’Malley et al. (1994) all have comparable values, 

but slightly lighter values for the hydrocarbons found in our sediment samples. The ash 

samples we examined had very different isotopic values for the wood stove ash with 

garbage and that without the garbage. The fireplace soots analyzed in Stark et al. (2003), 

O’Malley et al. (1994), and O’Malley et al. (1996) all had comparable 513C values. The 

data for the wood-stove ash with garbage are comparable to the fireplace soot data, with 

the exception of a much heavier value for chrysene.

The 513C values of the sediment samples were all similar, providing no evidence 

of differences in PAH sources. Other studies have found similar results among different 

sediment samples (Table 25). O’Malley et al. (1994) were unable to demonstrate that 

wood-burning was the major source of contamination to the sediments they studied. The 

813C isotopic signature seemed to be strongly influenced by other sources. They 

speculated that a major contributor was road-sweep components. With several different 

sources affecting the 813C isotopic composition, it is very difficult to discriminate
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between specific sources. This study yielded similar results, as none of the potential 

sources of contamination examined, wood-stove ash, coal, crude oil or diesel fuel, had a

13 .
PAH 8 C signature identical to that of the sediments analyzed. Two additional potential 

sources of PAH contaminants in the area could be forest fires or car exhaust (O’Malley et 

al., 1994), neither of which were examined in this study.

Microbial Degradation Experiments in Closed Systems

During the microbial degradation experiments, there were decreases in fluorene, 

phenanthrene, fluoranthene, and chrysene concentrations between the first and second 

sampling times. Hinga (2003) found that 2-3 ring PAH seem to degrade faster when they 

are newly introduced to the environment. Several studies have found that as the PAHs 

age, they become sorbed to sediment which reduces their bioavailability, making them 

more persistent (Landrum et al.,1992, Weissenfels et al., 1992, Hatzinger & Alexander 

1995, Carmichael et al., 1997, and Braddock et al., 1998). In both the North Slope crude 

oil and Cook Inlet crude oil degradation experiments, perylene, a five-ring PAH, 

decreased much less than the others. The results are consistent with the findings of 

Wharfe et al. (1984), that higher molecular weight aromatic hydrocarbons are more 

environmentally persistent. Herbes and Schwall (1978) also found that 4- and 5- ring 

PAHs were least degradable, and that 3- ring hydrocarbons were preferentially degraded 

by bacteria. However, perylene was significantly degraded in the diesel fuel experiment. 

This could be due to the greater solubility or lower viscosity of diesel fuel, which 

probably allowed it to dissolve or disperse into the interstitial water, making the 

hydrocarbons more bioavailable. This has been observed for dispersed and dissolved
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hydrocarbons in contaminated waters (Leahy and Colwell, 1990). In contrast, both North 

Slope crude and Cook Inlet crude oils have a higher proportion of very insoluble, high 

molecular weight hydrocarbons.

Given literature reports of very persistent PAH contamination in sediments (e.g., 

Teal et al., 1992) and the relatively slow decomposition of radiolabeled aromatic 

hydrocarbons in Kachemak Bay sediments (Braddock and Richter, 1998), it was 

surprising that the PAHs from added oil initially disappeared so quickly. There are 

several possible reasons, including the fact that the sediments used had relatively low 

organic content and therefore might be expected to adsorb PAHs to a lesser extent than 

organic rich sediments (Terschak, 2002). Another factor is that the oil additions were 

small, intended to increase the sediment PAH concentration by only a factor of two or 

three, to better mimic the naturally low levels of sediment contamination in this region. 

This, however, meant that we could no longer detect oil-derived PAHs after about 80% 

degradation had occurred.

Linear regressions were performed on the concentration data from the microbial 

degradation experiments. Extreme outliers, determined by a Tukey test for outliers (Table 

4), were excluded from the linear regressions. There were a total of six extreme outliers 

removed from the data sets for the linear regressions, all of which were three-month data 

points. All of the hydrocarbons analyzed had insignificant slopes, with the exception of 

fluorene from the diesel fuel experiment which had a significant, but very small slope of 

0.0003 pg g'1 day’1 (Figure 18). The data from day 1 of the experiments were not
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included in most of the regressions as the majority of these data points were significantly 

greater than the remaining data. There was little to no difference in the calculated and 

measured concentrations for each hydrocarbon analyzed for the initial time points which 

suggests that no degradation occurred during the time it took for the initial samples to 

freeze (Table 26). This indicates that after the first week of the experiments, the 

hydrocarbon bioavailability decreased dramatically; thereafter, the concentrations of the 

hydrocarbons remained stable for 365 days. Several studies have found that PAH adsorb 

to sediments, which reduces their bioavailability and makes them more environmentally 

persistent (Landrum et al., 1992, Weissenfels et al., 1992, Hatzinger & Alexander, 1995, 

Carmichael et al., 1997, Braddock and Richter, 1998, and Narbonne et al., 1999). This 

may help to account for the persistence of PAH in our samples.

The microbial degradation experiments for all three oil types demonstrated the

13 .
stability of the 8 C isotopic signatures for the PAHs analyzed. The linear regressions 

performed on the data sets showed insignificant slopes with only one exception. 

Acenaphthene -  dlO from the Cook Inlet crude oil experiment did have a statistically 

significant slope of -0.006 % o  day'1, which amounts to a decrease of about 2.2 % o  over the 

course of the experiment, only about twice the average analytical variability for analysis 

of acenaphthene -  dlO standards (Table 5). Overall, however, the data are consistent 

with the hypothesis that the decomposition of PAHs did not affect the isotopic signature

(Table 18a). This shows that over one year of microbial degradation, the 8 C isotopic
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signatures of PAHs remain stable. This suggests that the 5 C isotopic signature found 

within sediments can potentially be used as a source indicator of contamination.

Because our data demonstrated that microbial degradation of hydrocarbons was 

occurring, through the decreases of their concentrations, fractionation effects could be 

expected to change the isotopic signature of the hydrocarbons. The stability of the 

isotopic signature of the PAH analyzed in this study suggests that there were no 

fractionation effects. This may be the result of the structure of the hydrocarbons

themselves. In nature, *3C makes up only 1% of the total amount of carbon. Therefore, it 

is unlikely that when the hydrocarbons are decomposed that they are initially modified at

the site of the °C, resulting in decomposition without isotopic fractionation.

The trends in PAH/perylene concentration ratios generally followed patterns 

expected from decomposition of the added oils (Figures 21-23). During the initial one to 

two weeks of the decomposition experiment, initially elevated ratios decreased to values 

similar to those of the original Jakolof Bay sediment. Fluorene and fluoranthene had 

much more variable ratios to perylene than phenanthrene or chrysene, but the variability 

was probably due to less precise concentration data. Concentrations of these 

hydrocarbons were low, making them difficult to analyze due to interference from the 

background matrix. Longer incubations led to little or no further change in 

PAH/perylene. The concentrations of PAHs later in the experiments were generally less 

than or equal to the concentrations in the initial sediment before oil addition, consistent 

with the patterns in PAH/perylene ratios.
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Biodegradation Experiments in Circulating Systems Macoma balthica

The tank degradation experiments for both North Slope crude oil and diesel fuel 

demonstrated that the 8BC isotopic signatures for the PAHs analyzed were stable (Tables 

18a and 18b). The linear regressions performed on the North Slope crude oil data sets 

showed insignificant slopes with only three exceptions. Fluoranthene from tank 1 and 

chrysene from tank 3 became slightly heavier, a trend toward greater similarity to the 

original sediment PAH isotopic signature. Perylene from tank 9 became slightly lighter, 

which is a trend away from greater similarity to the original sediment (Figures A-l to A- 

12 and A-13 to A-24). The linear regressions performed on the diesel fuel data sets 

demonstrated insignificant slopes with only one exception, 1 -ethylnapthalene from tank 4 

(Figures A-25 to A-35 and A-36 to A-47). The 1-ethylnapthalene had a slope of 0.053 % o  

day"1, an isotopically lighter trend that amounts to a decrease of about 1.8 %o over the 

course of the experiment. That is less than twice the average analytical variability for 

analysis of 1-ethylnapthalene standards (Table 3). As with the microbial degradation

data, the majority of this data consistently supports the hypothesis that the 8 C isotopic 

signatures of PAHs remain stable as they are degraded. This further supports the use of

13
8 C isotopic signature analysis for the determination of the source of contaminants.

The concentration of oil in each of the tanks at the start of the experiment would 

have been approximately 10 pg g'1 wet sediment, if the oil was completely homogenized 

within the sediment. However, due to the hydrophobic nature of oil it was impossible to 

create a homogenous mixture. Without a homogenous mixture of oil and sediment it was



not possible to show degradation of PAHs from the tanks, as the samples analyzed 

represented subsamples. Therefore, the PAH concentration data from the tanks have 

relatively high variability. This point is reinforced with the results from the linear 

regressions performed on the pooled data sets. Tanks 7-9 showed phenanthrene to have a 

positive slope of concentration, which is also seen in Tank 9 when data from this tank 

were analyzed individually (Tables 18a and 18b). This suggests that an increase in the 

concentration of phenanthrene occurred. However, both Tanks 1 and 2 showed a 

decrease in the concentration of fluorene over time. When the data were pooled, this 

concentration decrease was also significant (Tables 18a and 18b). This trend was 

expected, but because of the heterogenous mixtures of oil and sediment, it was 

impossible to determine if the decrease was due to degradation.

Both sets of tanks, those with and those without balthica, represented a 

circulating water system with microbial degradation occurring. The results from both sets 

of tanks were the same, showing the stability of the isotopic signature of the 

hydrocarbons. Having a macrofaunal organism present, such as balthica, that 

oxygenated the sediments by its movements, did not affect the isotopic signature of the 

hydrocarbons. It is important to note that our tanks did not replicate a natural community 

of macrofauna, and that additional species should be included in further experiments for a 

better understanding of the role of macrofauna on the processes that affect hydrocarbons 

in sediment.

Our experiments did not include any controls of microbe-free sediment. This type 

of control was deliberately neglected due to the difficulty of removing/killing the
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microbes present in the sediment without altering the sediment properties. Because of the 

lack of microbe-free controls we can not rule out the impact that both physical and 

chemical processes may have had. However, these non-biological processes are not 

likely to be important in the removal of PAH. Net losses due to volatilization and 

dissolution were not possible in the mason jar experiments because they were closed 

systems, and were not likely in the tank experiments due to the strong adsorption of PAH 

to sediment. Photodegradation was unlikely to have had an impact due to the measures 

taken (discussed in the methods) to ensure that the incubations were completely in the 

dark.

Macoma balthica Samples

In order to show that the uptake of North Slope crude oil and diesel fuel from the 

macrofaunal degradation tanks occurred, and to determine whether uptake affected the 

5*3C isotopic signatures of PAH, we analyzed the tissue of the M. balthica from the 

tanks. The isotopic signatures of PAH from the M. balthica tissue were similar within 

one standard error to those from the tank sediment. The signatures were similar to those 

of clams taken directly from Jakolof Bay. However, the significant difference in the 

concentrations of PAHs present in the tissue of M. balthica removed from the tanks, 

compared with those analyzed directly from Jakolof Bay, indicates that the organisms 

from the tanks were in fact ingesting the crude oil and diesel fuel. Previous studies have 

also shown that M. balthica takes up and depurates crude oil (Feder et al., 1976, and
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Clement et al., 1980). Therefore, it seems likely that the clams in our experiment were 

taking up the oil but not affecting its isotopic composition.

Conclusions

The 513C of five PAH components were measured in coastal marine sediments,

1 1wood ash, coal, crude oil and diesel fuel. The 6 C of four PAHs, fluorene,

phenanthrene, chrysene, and perylene, were measured with good precision, averaging
1 ^

±1.6 %o (1 standard deviation), for quantities as small as 10 ng. The 8 C of fluoranthene 

was also measured with comparable precision, except in oils. Most of the PAH sources 

investigated for this study, North Slope and Cook Inlet crude oils, diesel fuel, and local

13
coals, had distinct PAH 5 C. Individual samples from each source all had comparable 

PAH 513C.

The phenanthrene s '3C for all the sediment samples analyzed were heavier than 

those of most of the source materials analyzed. The isotopic compositions of the 

sediments examined were similar within analytical variability. However, there were 

detectable differences in contaminant sources. Although the sources we examined had 

distinct isotopic signatures for some of the hydrocarbons analyzed, none clearly 

explained the isotopic signatures of the sediments. The potential sources analyzed were 

not consistent with the isotopic composition of the sediments, and therefore it is likely 

that another source(s), such as forest fires or car exhaust, was a substantial contributor.

Polycyclic aromatic hydrocarbons in North Slope and Cook Inlet crude oils and 

diesel fuel added to sediments from Jakolof Bay, Alaska, were partly degraded over a one
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to two week period presumably by microbial degradation in a closed system experiment. 

However, little or no further decomposition then occurred over the remaining period of 

the experiment. The lighter PAHs decomposed more rapidly than the heavier ones.

13
Despite the PAHs decomposition, the 5 C was unchanged in nearly all experiments 

(Tables 18a and 18b). Because of the lack of a homogenous mixture of oil and sediment 

in the circulating system degradation tanks, it was not possible to quantify a 

decomposition rate of PAHs. The elevated concentrations of PAHs present within

balthica from the tanks experiments indicates that the clams ingested the oil, but the 

values of the PAHs from all tanks remained stable. Because the conditions between the 

jar and tank experiments were very similar, i.e., the type of sediment used and the depth 

of both the sediment and water, they are highly comparable. The jar experiments showed 

the isotopic stability of hydrocarbons while microbial degradation occurred within a 

closed system. The tank experiments also showed the isotopic stability of hydrocarbons 

during microbial degradation in a circulating system with M. balthica actively moving

within the sediment. The experiments demonstrate that the 5*3C values of PAHs 

remained stable, and were not affected by weathering, microbial degradation or the 

presence of macrofauna such as M. balthica.

13
Therefore, the 8 C values of PAHs can be used as a source indicator of

13
contaminants. Also, the results support the hypothesis that 5 C isotopic fingerprints 

could be a valuable tool for determining the source of weathered crude oils.
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Figure 1: Map of Kachemak Bay, illustrating the sampling areas.
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Figure 2: Diagram of the experimental tank set up.
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Figure 3: Flow chart illustrating the sediment extraction procedure.
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Rgure 4: Mean isotopic signatures of PAHs present within the sediment samples. Error bars represent the standard deviation 
of the Jakolof Bay and Jakolof Dock sediment data sets, with the exception of the fluoranthene data from the Jakolof Bay, 
where the error bar represents 1/2 of the range. Error bars from the Jakolof Sieved and the Kasitsna Bay sediment data sets 
represent 1/2 of the range.
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Figure 5: Mean concentrations of PAHs present within the sediment samples. Error bars represent the standard deviation of the
Jakolof Bay and Jakolof Dock sediment data sets, and 1/2 of the range for the Jakolof Sieved and Kasitsna Bay sediment data sets.
The concentrations of 1-ethylnapthalene are reduced by a factor of 10.
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Figure 6: Mean 513C of PAHs present with the coal and ash samples. Error bars represent the standard deviations of all the data 
sets, except for the woodstove ash with garbage, where they represent 1/2 of the range.
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Figure 7: Mean concentrations of PAHs present within the sediment samples. Error bars represent the standard deviations 
of the data sets, except they are 1/2 of the range for 1-ethylnapthalene and perylene of the woodstove ash data set. The 
concentrations of 1-ethylnapthalene are reduced by a factor of 10.
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Figure 8: Mean 813C of PAHs present in crude oil and diesel fuel samples. Error bars represent the standard deviations of the data.
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Figure 9: Linear regressions of the 513C values and concentrations of internal standards
from the North Slope crude oil microbial degradation experiment.
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Figure 10: Linear regressions of the 513C values and concentrations of fluorene and
phenanthrene from the North Slope crude oil microbial degradation experiment.
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Figure 12: Linear regressions of the 513C values and concentrations of perylene form the
North Slope crude oil microbial degradation experiment.
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Figure 13: Linear regressions of the 513C values and concentrations of internal standards
from the Cook Inlet crude oil microbial degradation experiment.
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Figure 14: Linear regressions of the 513C values and concentrations of fluorene and
phenanthrene from the Cook Inlet crude oil microbial degradation experiment.
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Figure 15: Linear regressions of the 813C values and concentrations of fluoranthene and
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Figure 16: Linear regressions of the 813C values and concentrations of perylene from the
Cook Inlet crude oil microbial degradation experiment.
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from the diesel fuel microbial degradation experiment.
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Figure 18: Linear regressions of the 513C values and concentrations of fluorene and
phenanthrene from the diesel fuel microbial degradation experiment.
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Figure 19: Linear regressions of the 513C values and concentrations of fluoranthene and
chrysene from the diesel fuel microbial degradation experiment.
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Figure 20: Linear regressions of the 513C values and concentrations of perylene from the
diesel fuel microbial degradation experiment.
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Figure 21: Ratios of the concentrations of hydrocarbons present in North Slope crude oil to the concentration of perylene from
the microbial degradation experiment.
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Figure 23: Ratios of the concentrations of hydrocarbons present in diesel fuel to the concentration of perylene from the microbial
degradation experiment.
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Figure 24: Linear regressions of the 813C values and concentrations of internal
standards from tanks 1-3 in the biodegradation experiments.
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Figure 25: Linear regressions of the 513C values and concentrations of fluorene and
henanthrene from tanks 1-3 in the biodegradation experiments.
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Figure 26: Linear regressions of the 813C values and concentrations of fluoranthene and
chrysene from tanks 1-3 in the biodegradation experiments.
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Figure 27: Linear regressions of the 813C values and concentrations of perylene from
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Figure 28: Linear regressions of the 513C values and concentrations of internal
standards from tanks 7-9 in the biodegradation experiments.
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Figure 29: Linear regressions of the 813C values and concentrations of fluorene and
phenanthrene from tanks 7-9 in the biodegradation experiments.



Figure 30: Linear regressions of the 513C values and concentrations of fluoranthene and
hrysene from tanks 7-9 in the biodegradation experiments.



Figure 31: Linear regressions of the 813C values and concentrations of perylene from
tanks 7-9 in the biodegradation experiments.
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Figure 33: Linear regressions of the S13C values and concentrations of fluorene and
phenanthrene from tanks 4-6 in the biodegradation experiments.
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Figure 34: Linear regressions of the 813C values and concentrations of fluoranthene and
chrysene from tanks 4-6 in the biodegradation experiments.
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Figure 35: Linear regressions of the 513C values and concentrations of perylene from
tanks 4-6 in the biodegradation experiments.



80

Figure 36: Linear regressions of the 813C values and concentrations of internal
standards from tanks 10-12 in the biodegradation experiments.
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Figure 37: Linear regressions of the 513C values and concentrations of fluorene and
phenanthrene from tanks 10-12 in the biodegradation experiments.
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Figure 38: Linear regressions of the S13C values and concentrations of fluoranthene and
chrysene from tanks 10-12 in the biodegradation experiments.
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Figure 39: Linear regressions of the 513C values and concentrations of perylene from
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Figure 40: 513C of PAH extracted from sediment samples compared with 813C of PAH from coal, 
crude oil, diesel fuel, and ash. Error bars represent one standard deviation of data from replicate 
analyses.
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Table 1: Sample identification numbers for the microbial degradation experiment.
Oil Type

Initial 1 Week
Sampling Times 

2 Weeks 3 Weeks 5 Weeks 3 Months 1 Year
North Slope 
crude oil J01.001 J01.011 J01.021 J01.031 J01.051 J01.141 J01.521
Cook Inlet crude 
oil J02.001 J02.011 J02.021 J02.031 J02.051 J02.141 J02.521
Diesel oil J03.001 J03.011 J03.021 J03.031 J03.051 J03.141 J03.521



Table 2: Wet and dry weights of samples extracted.

Sample # Sample I.D.

Wet
Weight

(g)

Dry
Weight

(g)
Water

(%)
J01.001 Prudhoe Intial 271.95 125.08 54.01
J01.011 Prudhoe 1 week 240.32 86.19 64.14
J01.021 Prudhoe 2 weeks 284.58 118.92 58.21
J01.031 Prudhoe 3 weeks 243.59 84.01 65.51
J01.051 Prudhoe 5 weeks 235.49 68.16 71.06
J01.141 Prudhoe 3 months 234.09 78.62 66.41
J01.521 Prudhoe 1 year 209.49 64.32 69.30
J02.001 Cook Initial 285.10 108.16 62.06
J02.011 Cook 1 week 257.77 91.27 66.90
J02.021 Cook 2 weeks 274.72 97.58 64.48
J02.031 Cook 3 weeks 254.97 85.07 66.64
J02.051 Cook 5 weeks 293.11 105.50 64.01
J02.141 Cook 3 months 281.52 103.60 63.20
J02.521 Cook 1 year 260.42 84.22 67.66
J03.001 Diesel Initial 243.85 92.31 62.14
J03.011 Diesel 1 week 226.64 77.89 65.63
J03.021 Diesel 2 weeks 277.72 108.04 61.10
J03.031 Diesel 3 weeks 213.07 77.34 63.70
J03.051 Diesel 5 weeks 217.76 63.94 70.64
J03.141 Diesel 3 months 222.26 71.47 67.84
J03.521 Diesel 1 year 339.15 122.95 63.75
T01.001 Prudhoe Initial 157.96 72.71 53.97
T01.011 Prudhoe 1 Week 142.16 61.22 56.94
T01.021 Prudhoe 2 Weeks 176.66 74.95 57.57
T01.031 Prudhoe 3 Weeks 157.10 68.93 56.12
T01.041 Prudhoe 4 Weeks 156.23 60.74 61.12
T01.051 Prudhoe 5 Weeks 153.70 60.81 60.44
T02.001 Prudhoe Initial 153.24 68.17 55.51
T02.011 Prudhoe 1 Week 136.88 59.80 56.31
T02.021 Prudhoe 2 Weeks 170.07 67.39 60.38
T02.031 Prudhoe 3 Weeks 165.88 74.39 55.15
T02.041 Prudhoe 4 Weeks 157.56 64.76 58.90
T02.051 Prudhoe 5 Weeks 172.21 75.77 56.00
T03.001 Prudhoe Initial 159.78 64.13 59.86
T03.011 Prudhoe 1 Week 153.81 66.61 56.69
T03.021 Prudhoe 2 Weeks 170.33 74.48 56.27
T03.031 Prudhoe 3 Weeks 177.80 80.58 54.68
T03.041 Prudhoe 4 Weeks 159.56 64.35 59.67
T03.051 Prudhoe 5 Weeks 155.73 70.06 55.01
T04.001 Diesel Initial 166.43 78.10 53.07
T04.011 Diesel 1 Week 168.16 78.68 53.21
T04.021 Diesel 2 Weeks 163.76 77.08 52.93
T04.031 Diesel 3 Weeks 192.16 85.70 55.40
T04.041 Diesel 4 Weeks 155.41 74.66 51.96
T04.051 Diesel 5 Weeks 143.70 65.09 54.70



Table 2: Continued
T05.001 Diesel Initial 154.41 70.49 54.35
T05.011 Diesel 1 Week 168.01 72.85 56.64
T05.021 Diesel 2 Weeks 158.71 67.98 57.17
T05.031 Diesel 3 Weeks 179.59 79.46 55.75
T05.041 Diesel 4 Weeks 155.87 70.25 54.93
T05.051 Diesel 5 Weeks 158.68 64.98 59.05
T06.001 Diesel Initial 170.50 82.07 51.87
T06.011 Diesel 1 Week 203.44 94.73 53.44
T06.021 Diesel 2 Weeks 192.85 96.13 50.15
T06.031 Diesel 3 Weeks 184.14 85.82 53.39
T06.041 Diesel 4 Weeks 180.18 85.45 52.58
T06.051 Diesel 5 Weeks 196.00 92.67 52.72
T07.001 Prudhoe Initial 159.96 68.17 57.38
T07.011 Prudhoe 1 Week 143.63 60.03 58.21
T07.021 Prudhoe 2 Weeks 157.76 69.13 56.18
T07.031 Prudhoe 3 Weeks 161.61 73.35 54.61
T07.041 Prudhoe 4 Weeks 168.48 85.45 49.28
T07.051 Prudhoe 5 Weeks 157.63 70.01 55.59
T08.001 Prudhoe Initial 157.79 75.24 52.32
T08.011 Prudhoe 1 Week 126.23 56.40 55.32
T08.021 Prudhoe 2 Weeks 168.48 74.34 55.88
T08.031 Prudhoe 3 Weeks 150.29 66.60 55.69
T08.041 Prudhoe 4 Weeks 169.16 79.09 53.25
T08.051 Prudhoe 5 Weeks 148.49 62.21 58.10
T09.001 Prudhoe Initial 134.37 53.69 60.04
T09.011 Prudhoe 1 Week 159.54 70.85 55.59
T09.021 Prudhoe 2 Weeks 143.56 60.08 58.15
T09.031 Prudhoe 3 Weeks 142.10 59.05 58.44
T09.041 Prudhoe 4 Weeks 158.33 68.66 56.63
T09.051 Prudhoe 5 Weeks 188.28 86.42 54.10
T10.001 Diesel Initial 146.32 64.13 56.17
T10.011 Diesel 1 Week 158.73 65.01 59.04
T10.021 Diesel 2 Weeks 160.49 72.05 55.11
T10.031 Diesel 3 Weeks 157.64 70.31 55.40
T10.041 Diesel 4 Weeks 166.62 74.32 55.40
T10.051 Diesel 5 Weeks 187.62 80.28 57.21
T11.001 Diesel Initial 149.39 70.64 52.71
T11.011 Diesel 1 Week 156.37 70.76 54.75
T11.021 Diesel 2 Weeks 172.40 72.69 57.84
T11.031 Diesel 3 Weeks 175.48 75.24 57.12
T11.041 Diesel 4 Weeks 178.89 83.29 53.44
T11.051 Diesel 5 Weeks 172.02 76.64 55.45
T12.001 Diesel Initial 158.63 71.95 54.64
T12.011 Diesel 1 Week 155.05 76.65 51.21
T12.021 Diesel 2 Weeks 155.23 70.59 54.53
T12.031 Diesel 3 Weeks 179.83 81.79 54.52
T12.041 Diesel 4 Weeks 192.89 86.91 54.94
T12.051 Diesel 5 Weeks 168.66 84.59 49.85



Table 2: Continued
C01.1 Mud Bay Coal 2.68 2.51 6.34
C01.2 4.00 3.74 6.50
C01.3 6.08 5.89 3.13
C01.4 8.00 7.34 8.25
C02.1 Jakolof Bay Sediment 70.10 58.96 15.89
C02.2 66.36 56.62 19.68
C02.3 70.23 59.68 15.02
C02.4 n/a 18.66 n/a
C03.1 Jakolof Bay Sediment Sieved 45.86 18.24 60.23
C03.2 50.21 17.28 65.58
C04.1 Jakolof Dock Sediment 79.39 63.59 19.90
C04.2 76.12 64.06 15.84
C04.3 61.65 54.28 11.95
C05.1 Kasitsna Bay Sediment 52.72 49.18 6.71
C05.2 61.53 58.98 4.14
C06.1 Homer Spit Coal 3.20 2.55 20.31
C06.2 5.71 4.92 13.84
C06.3 4.59 3.65 20.48
C07.1 Bishop's Beach Coal 5.71 4.79 16.11
C07.2 5.83 4.79 17.84
C07.3 6.99 5.68 18.74
C08.1 Woodstove ash (w/garbage) 1.52 1.49 1.97
C08.2 2.20 2.17 1.36
C08.3 2.52 2.49 1.19
C09.1 Woodstove ash 1.41 1.31 7.09
C09.2 1.71 1.63 4.68
C09.3 1.99 1.91 4.02
M00.1 Jakolof Bay Macoma balthica 0.77 0.09 88.31
MT.1 Tank 10 Macoma balthica (1 Week) n/a 0.02 n/a
MT.2 Tank 11 Macoma balthica (4 Weeks) 0.50 0.13 74.00
MT.3 Tank 9 Macoma bathica (3 Weeks) 0.27 0.04 85.19
MT.4 Tank 7 Macoma balthica (4 Weeks) 0.18 0.04 77.78
M07.1 Tank 7 Macoma balthica na / 0.10 n/a
M08.1 Tank 8 Macoma balthica 0.67 0.13 80.60
M09.1 Tank 9 Macoma balthica 0.67 0.12 82.09
M10.1 Tank 10 Macoma balthica 0.46 0.08 82.61
M11.1 Tank 11 Macoma balthica 0.51 0.06 88.24
M12.1 Tank 12 Macoma balthica n/a 0.10 n/a



Table 3: 813C of the standards analyzed by GC-IRMS.
Date of standard 1 -Ethylnapthalene

injection____________813C-PDB (% o )

3-May-01 -24.8
4-May-01 -25.7
15-Jun-01 -24.6

9-Jul-01 -24.7
13-Jul-01 -27.5
20-Jul-01 -25.8
23-Jul-01 -25.1
24-Jul-01 -27.3
27-Jul-01 -27.7

10-Aug-01 -27.1
2-Apr-02 -25.7
3-Apr-02 -32.0

2-May-02 -25.3
3-May-02 -25.7
8-May-02 -25.7
9-May-02 -25.5

10-May-02 -26.6
16-May-02 -25.8
30-May-02 -26.2
31-May-02 -26.7

4-Jun-02 -25.4
5-Jun-02 -26.1

17-Jun-02 -26.9
18-Jun-02 -26.0
20-Jun-02 -25.8
12-Jul-02 -28.1
24-Jul-02 -26.9
25-Jul-02 -25.6
26-Jul-02 -25.2
29-Jul-02 -26.6
31 -Jul-02 -25.1

Acenaphthene-d10 Phenanthrene
813C-PDB (%o) 813C-PDB (%o)

-24.9 -24.0
-25.8 -23.9
-23.8 -23.7
-22.9 -22.7
-23.2 -23.8
-23.5 -23.5
-24.3 -23.9
-23.7 -23.8
-23.8 -23.9
-23.4 -23.4
-23.5 -22.2
-24.7 -22.4
-21.9 -21.8
-21.5 -22.2
-22.6 -21.7
-21.4 -22.2
-22.4 -21.9
-23.0 -22.0
-23.3 -22.4
-22.4 -21.8
-22.1 -21.6
-22.0 -22.1
-22.6 -22.1
-22.5 -22.6
-23.5 -22.0
-22.2 -21.8
-22.1 -22.0
-21.7 -20.5
-21.3 -22.1
-21.9 -21.5
-20.9 -24.2

Chrysene Benzo [b] fluoranthene Perylene
813C-PDB (%») 813C-PDB (%o) 813C-PDB (%o)

-24.4 -27.3 -25.7
-24.5 -26.5 -25.8
-24.6 -27.1 -25.5
-22.2 -24.8 -24.0
-22.8 -25.4 -25.8
-23.5 -25.5 -24.7
-24.1 -24.9 -25.4
-23.2 -25.2 -25.1
-24.3 -26.2 -25.7
-23.0 -23.2 -26.0
-22.9 -27.8 -24.6
-23.9 -25.1 -25.6
-22.0 -23.5 -22.8
-22.7 -23.7 -23.9
-21.1 -28.7 -22.7
-22.2 -24.7 -23.1
-22.3 -24.1 -23.1
-22.4 -24.5 -23.4
-22.3 -26.6 -21.6
-22.0 -22.9 -22.9
-21.9 -23.7 -23.0
-22.5 -24.9 -23.7
-22.0 -25.7 -23.7
-23.2 -25.4 -24.3
-22.3 -25.3 -23.2
-21.7 -23.4 -22.5
-22.5 -24.4 -23.4
-20.2 -24.7 -23.2
-22.2 -24.5 -23.2
-22.7 -26.8 -24.5
-24.5 -24.9 -25.8



Table 3: Continued
1-Aug-02 -26.7
6-Aug-02 -26.8
7-Aug-02 -25.0

12-Aug-02 -25.3
14-Aug-02 -25.2
20-Aug-02 -25.3
21-Aug-02 -25.2
6-Sep-02 -25.2
9-Sep-02 -26.5

10-Sep-02 -26.1
11-Sep-02 -25.8
12-Sep-02 -25.7
17-Sep-02 -27.2
18-Sep-02 -25.8
20-Sep-02 -25.7
23-Sep-02 -26.5
24-Sep-02 -25.7
25-Sep-02 -26.3
26-Sep-02 -26.0

7-Oct-02 -29.2
8-Oct-02 -26.3
9-Oct-02 -26.2

10-Oct-02 -26.8
11-Oct-02 -25.6
7-Nov-02 -31.8
8-NOV-02 -31.5

15-NOV-02 -29.9
18-Nov-02 -30.8
14-Mar-03 -28.2
18-Mar-03 -28.3
19-Mar-03 -27.6
20-Mar-03 -27.6
24-Mar-03 n/a

-22.7 -22.7
-21.5 -22.3
-21.3 -21.8
-19.3 -26.9
-21.8 -21.6
-21.3 -22.1
-21.0 -21.7
-21.0 -23.1
-21.2 -21.2
-22.3 -22.3
-22.7 -22.0
-22.4 -22.2
-21.9 -22.0
-22.1 -21.6
-21.8 -22.2
-22.7 -22.4
-22.5 -22.2
-22.5 -22.1
-23.4 -22.5
-24.4 -22.5
-24.3 -22.0
-23.3 -22.2
-24.6 -22.9
-21.8 -21.7
-23.7 -23.2
-28.3 -22.9
-22.7 -21.8
-23.5 -22.9
-23.8 -24.9
-23.8 -25.1
-23.2 -24.7
-23.2 -24.6
-24.7 -23.3

-23.1 -26.2 -24.6
-22.4 -24.3 -23.5
-22.1 -23.3 -22.9
-23.0 -23.9 -23.2
-22.0 -26.1 -23.4
-21.9 -24.2 -22.7
-21.8 -22.8 -23.2
-22.6 -26.6 -23.8
-22.8 -25.6 -24.5
-23.9 -26.7 -25.6
-23.9 -28.0 -26.8
-24.6 -25.0 -26.0
-23.3 -25.8 -24.4
-21.8 -23.3 -23.3
-24.0 -26.9 -26.2
-23.3 -25.3 -24.8
-24.2 -28.4 -25.4
-22.1 -23.6 -22.8
-23.2 -25.0 -23.8
-23.5 -26.0 -27.2
-23.3 -24.8 -25.8
-23.4 -26.9 -24.8
-27.6 -27.4 -27.8
-22.4 -25.5 -24.1
-23.6 -24.4 -23.8
-20.3 -21.4 -22.8
-22.0 -23.0
-21.3 -25.0 -26.7
-24.9 -26.0 -27.0
-25.8 -27.7
-25.0 -26.5 -26.5
-24.8 -26.0
-23.4 -24.2 -24.7



Table 3: Continued
27-Mar-03 n/a -28.1 -25.5 -26.1 -26.1 -27.2
28-Mar-03 -27.9 -23.8 -24.7 -25.1 -26.0 -25.7
31-Mar-03 -29.3 -24.6 -25.0 -25.7 -29.3 -28.4

1-Apr-03 -28.6 -24.3 -24.8 -25.5 -26.8 -27.6
14-May-03 -29.2 -26.1 -23.2 -21.4 -22.6 -21.9
15-May-03 -29 -26.3 -24.2 -23.2 -24.4 -23.7

Mean -26.5 -22.7 -22.4 -22.5 -25.0 -23.9
Standard Deviation 1.2 1.1 1.0 1.1 1.4 1.4
*The italicized data were obtained from a different internal standard solution and are not included in the mean and standard deviation 
calculations.
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Table 4: Calculations and tests.
Test Formula Description
Calculation 1 (X + Y) / Z = pg/g X = hydrocarbon concentration in 

Jakolof Bay sieved sediment 
Y = hydrocarbon concentration in the oil 
Z = expected initial hydrocarbon concen
tration for degradation experiments

t-test t = b I[(Sy*x) / SXX] b = slope
Sy*x = V [Z(y-y)2 / (n-2)] 
SXX = IX 2 -  r(IX )2] / n

z-test z = ((y - Mo) / o ) z = 1.64 for 95% confidence
p0 = null hypothesis 
a = standard deviation

f-test F=s12/s22 s^variation of population 1 
s22=variation of population 2

Tukey test LQ=median of smallest n/2 observations LQ=lower quartile
for outliers UQ=median of largest n/2 observations UQ=upper quartile

IQ=UQ - LQ ~ 
L1=LQ - 1.5*IQ 
L2=LQ - 3.0*IQ 
U1=UQ + 1.5*IQ 
U2=UQ + 3.0*IQ

IQ=interquartile range

Table 5: The precision of 513C from the microbial degradation experiments 
and the hydrocarbon standard data. ___________________

PAH
Prudhoe Bay 

Crude
Cook Inlet 

Crude Diesel Standard
1-ethynapthalene 0.8 0.8 0.7 1.2
acenaphthene - d10 0.5 0.8 1.0 1.1
benzo [b] fluoranthene 1.1 1.0 1.0 1.4
fluorene 0.9 1.6 2.4 1.1
phenanthrene 0.6 0.9 1.1 1.0
fluoranthene 1.9 1.1 1.1 1.0
chrysene 1.2 1.9 1.3 1.1
perylene 0.9 1.7 1.0 1.4



Table 6a: The precision of 513C measurements from the macrofaunal degradation experiment and the 
hydrocarbon standards. The tabulated values are one standard deviation.______________________
PAH Tank 1 Tank 2 Tank 3 Tank 4 Tank 5 Tank 6 Standard
1-ethynapthalene 0.9 1.0 0.8 0.8 0.9 0.6 1.2
acenaphthene - d10 0.9 1.0 0.4 1.1 0.8 1.1 1.1
benzo [b] fluoranthene 0.7 0.9 0.5 0.9 1.0 1.0 1.4
fluorene 1.1 1.0 1.2 2.1 1.0 1.1 1.1
phenanthrene 0.8 1.0 0.7 0.8 1.7 0.8 1.0
fluoranthene 1.0 0.8 1.2 0.7 1.1 1.5 1.0
chrysene 0.7 2.1 1.1 0.8 0.7 0.9 1.1
perylene 0.6 1.2 0.6 3.7 1.5 1.1 1.4

Table 6b: The precision of 813C measurements from the macrofaunal degradation experiment and the 
hydrocarbon standards. The tabulated values are one standard deviation.______________________
PAH Tank 7 Tank 8 Tank 9 Tank 10 Tank 11 Tank 12 Standard
1-ethynapthalene 1.0 0.9 1.2 1.0 1.0 0.8 1.2
acenaphthene - d10 0.7 0.9 1.0 0.9 0.9 0.7 1.1
benzo [b] fluoranthene 0.9 0.7 0.5 0.6 1.3 0.7 1.4
fluorene 2.3 2.4 1.4 0.9 0.9 1.5 1.1
phenanthrene 1.0 1.0 1.3 1.1 2.2 1.4 1.0
fluoranthene 1.1 1.2 1.7 0.8 1.6 0.8 1.0
chrysene 1.8 1.4 0.8 0.9 1.4 1.0 1.1
perylene 1.2 0.6 1.3 0.8 0.6 1.0 1.4



Table 7a: Summary of f-test results comparing the variance of the 813C data from each 
hydrocarbon to that of the internal standards. If no value is given, the variances were 
the same.

PAH North Slope 
Crude oil

Cook Inlet 
Crude oil

Diesel
Fuel

J01 J02 J03

1-Ethylnapthalene (-) 0.3
Acenaphthene -d 10 (-) 0.5
Fluorene (+) 2.4
Phenanthrene (-) 0.2 (+) 2.7 (+) 1-7
Fluoranthene (+) 3.2 (+) 1-9
Chrysene (+) 2.1 (+) 1-9
Benzo [b] fluoranthene
Perylene
* (-) = lower variance than the internal standard, (+) = higher variance

Table 7b: Summary of f-test results comparing the variance of the 513C data from each hydrocarbon to that of the 
internal standards. If no value is given, the variances were the same.___________________________________

PAH
T01 T02 T03 T04 T05 T06 T07 T08 T09 T10 T11 T12

1-Ethylnapthalene 
Acenaphthene -d 10 
Fluorene

(-) 0.4
(+) 2.3 (+) 2.4

Phenanthrene (+) 1-7 (+) 2.2
Fluoranthene (+) 17
Chrysene
Benzo [b] fluoranthene

(+) 2.1
(-) 0.5

(+) 1-8
(-) 0.5 (-) 0.6

Perylene (■) 0.6 (•) 0 6 (+) 3.7 (-) 0.6 (") 0 6
* (-) = lower variance than the internal standard, (+) = higher variance



Table 8: Concentrations and 513C of the internal standards from the sediment and crude oil samples.
Sam ple# Sample I.D. 1-Ethylnapthalene 1 -Ethylnapthalene Acenaphthene-d10 Benzo[b]fluo ran then e

513C-PDB (%0) Cone, (pg/g) 813C-PDB (%o) 513C-PDB (%o)
C 0 1 .1 Mud Bay Coal -27.3 4.5 -24.5 -26.0
C01.2 -25.6 2.3 -22.3 -23.2
C01.3a -27.3 2.2 -24.3 -26.0
C01.3b -28.0 2.2 -23.5 -24.9
C01.3c -26.2 2.1 -22.9 -25.3
C01.4 -26.9 1.1 -22.4 -21.6
Mean -26.9 2.4 -23.3 -24.5
Standard deviation 0.9 1.1 0.9 1.8
C02.1 Jakolof Bay Sediment -24.5 0.1 -23.3 -24.9
C02.2 -27.6 0.4 -23.8 -26.2
C02.3 -26.4 0.2 -22.9 -25.0
C02.4 -23.8 0.3 -23.0 -25.8
Mean Just new internal standard* -27.0 0.3 -23.4 -25.6
1/2 Range 0.6 0.2 0.9 0.6
C03.1 Jakolof Bay Sediment -27.3 1.2 -23.1 -25.6
C03.2 Sieved -24.5 1.1 -23.8 -25.7
C04.1 Jakolof Dock Sediment -27.6 0.4 -22.5 -24.7
C04.2 -26.2 0.2 -22.9 -24.1
C04.3 -24.3 0.4 -22.8 -24.4
Mean Just new internal standard* -26.9 0.3 -22.7 -24.4
1/2 Range 0.7 0.1 0.2 0.3
C05.1 Kasitsna Bay Sediment -26.5 0.2 -21.2 -25.7
COS.2 -26.2 0.1 -22.2 -24.5
Mean -26.4 0.2 -21.7 -25.1
1/2 Range 0.2 0.04 0.5 0.6
C06.1 Homer Spit Coal -29.6 5.9 -22.8 -24.1
C06.2 -27.8 2.2 -22.9 -27.8
C06.3 -28.9 7.4 -23.3 -28.1
Mean -28.8 5.1 -23.0 -26.7
Standard deviation 0.9 2.6 0.3 2.2
* Italicized data were run with an old internal standard and are not included in the mean calculations.



Table 8: Continued
C07.1 Bishop's Beach Coal -25.8 2.6 -23.2 -23.2
C07.2 -24.8 4.2 -22.3 -24.9
C07.3 -27.8 3.1 -23.8 -23.5
Mean -26.1 3.3 -23.1 -23.9
Standard deviation 1.5 0.8 0.8 0.9
C08.1 Woodstove ash (w/garbage) -26.3 8.4 -22.4 -23.8
C08.2 -28.2 5.0 -24.2 -24.3
C08.3 -27.2 6.6 -23.8 -22.6
Mean -27.2 6.7 -23.5 -23.6
Standard deviation 1.0 1.7 0.9 0.9
C09.1 Woodstove ash n/a n/a -22.4 -23.8
C09.2 -26.2 4.4 -23.1 -23.3
C09.3 -26.4 1.8 -24.6 -23.3
Mean -26.3 3.1 -23.4 -23.5
Standard deviation 0.1 1.8 1.1 0.3
PX3 North Slope Crude Oil -27.8 1539 -24.5 -26.5
PX3.2 -27.4 1550 -23.7 -25.4
PX3.3 -27.0 2233 -24.0 -24.6
PX3.4 -27.2 2379 -24.8 -24.3
Mean -27.4 1925 -24.3 -25.2
Standard deviation 0.3 444 0.5 1.0
CX3 Cook Inlet Crude Oil -27.9 1033 -24.7 -23.2
CX3.2 -26.5 1344 -23.1 -23.5
CX3.3 -28.8 2806 -25.8 -22.7
CX3.4 -27.4 2094 -25.1 -24.8
Mean -27.7 1819 -24.7 -23.6
Standard deviation 1.0 794 1.2 0.9
DX3 Diesel Oil -27.7 791 -23.0 -25.9
DX3.2 -28.0 426 -22.7 -23.3
DX3.3 n/a 318 -22.7 -24.2
DX3.4 -28.7 1258 -21.6 -25.3
Mean -28.1 698 -22.5 -24.7
Standard deviation 0.5 425 0.6 1.2



Table 9: Concentrations and 813C of fluorene and phenanthrene from the sediment and crude oil samples.
Sample# Sample I.D. Fluorene Fluorene Phenanthrene Phenanthrene

813C-PDB (%«) Cone, (pg/g) 813C-PDB (%») Cone, (pg/g)
C01.1 Mud Bay Coal -28.6 0.03 -24.6 0.1
C01.2 -24.1 0.3 -25.2 0.2
C01.3a -25.5 1.0 -24.8 0.5
C01.3b -24.2 1.0 -23.7 0.5
C01.3c -23.6 1.0 -22.6 0.5
C01.4 -28.1 0.1 -26.2 0.5
Mean -25.7 0.6 -24.5 0.4
Standard deviation 2.2 0.5 1.2 0.2
C02.1 Jakolof Bay Sediment -20.3 0.002 n/a n/a
C02.2 -24.1 0.002 -20.6 0.03
C02.3 -21.2 0.0002 -20.3 0.002
C02.4 -24.5 0.005 -21.6 0.3
Mean -22.5 0.002 -20.8 0.1
Standard deviation 2.1 0.002 0.7 0.2
C03.1 Jakolof Bay Sediment Sieved -24.0 0.009 -22.3 0.2
C03.2 -22.0 0.006 -21.2 0.4
Mean -23.0 0.008 -21.8 0.3
1/2 Range 1.0 0.002 0.6 0.1
C04.1 Jakolof Dock Sediment -24.5 0.002 -20.4 0.1
C04.2 -24.1 0.001 -22.4 0.02
C04.3 -23.3 0.0003 -21.0 0.1
Mean -24.0 0.001 -21.3 0.1
Standard deviation 0.6 0.001 1.0 0.1
C05.1 Kasitsna Bay Sediment -24.3 0.0003 -23.3 0.01
C05.2 -26.1 0.0004 -23.0 0.01
Mean -25.2 0.0004 -23.2 0.01
1/2 Range 0.9 0.0003 0.2 0.000



Table 9: Continued
C06.1 Homer Spit Coal -21.8 1.3 -22.8 0.1
C06.2 n/a 0.03 -24.8 0.1
C06.3 -26.1 0.1 -22.8 0.1
Mean -24.0 0.5 -23.5 0.1
1/2 Range 2.2 0.7 1.1 0.03
C07.1 Bishop's Beach Coal -24.7 0.1 -22.9 0.07
C07.2 -24.4 0.03 -25.5 0.01
C07.3 n/a 0.04 -21.6 0.03
Mean -24.5 0.1 -23.3 0.03
1/2 Range 0.2 0.04 2.0 0.03
C08.1 Woodstove ash (w/garbage) -23.2 0.01 -22.3 0.01
C08.2 -26.5 0.02 -28.8 0.01
C08.3 -26.1 0.03 -22.7 0.02
Mean -25.3 0.02 -24.6 0.01
Standard deviation 1.8 0.01 3.6 0.005
C09.1 Woodstove ash -25.5 0.01 -22.9 0.2
C09.2 -26.1 0.05 -24.2 0.2
C09.3 -26.4 0.06 -24.7 0.6
Mean -26.0 0.04 -23.9 0.3
Standard deviation 0.5 0.03 0.9 0.2
PX3 North Slope Crude Oil -22.4 14 -27.1 56
PX3.2 -21.0 59 -27.3 144
PX3.3 -22.4 28 -27.5 83
PX3.4 n/a 28 -27.1 89
Mean -21.9 32 -27.3 93
Standard deviation 0.8 19 0.2 37
CX3 Cook Inlet Crude Oil -29.8 26 -29.6 194
CX3.2 -28.1 11 -25.8 306
CX3.3 -28.3 33 -23.1 122
CX3.4 -27.2 106 -26.5 244
Mean -28.4 44 -26.3 217
Standard deviation 1.1 42 2.7 78



Table 9: Continued
DX3 Diesel Oil -22.4 293 -26.1 198
DX3.2 -22.1 200 -23.5 93
DX3.3 -22.4 105 -24.2 36
DX3.4 -24.4 143 -27.1 33
Mean -22.8 185 -25.2 90
Standard deviation 1.1 82 1.7 77



Table 10: Concentrations and S13C of fluoranthene and chrysene from the sediment and crude oil samples.
Sample# Sample I.D. Fluoranthene Fluoranthene Chrysene Chrysene

513C-PDB ( % o ) Cone, (pg/g) 513C-PDB ( % o ) Cone, (pg/g)
C01.1 Mud Bay Coal -25.0 0.2 -25.6 1.9
C01.2 -26.3 0.1 n/a 1.3
C01.3a -28.5 0.2 -22.1 1.0
C01.3b -27.6 0.2 -24.8 2.9
C01,3c -27.8 0.1 -25.0 2.9
C01.4 -26.7 1.7 n/a n/a
Mean -27.0 0.4 -24.4 2.0
Standard deviation 1.3 0.6 1.6 0.9
C02.1 Jakolof Bay Sediment -28.6 0.002 -23.2 0.2
C02.2 -25.5 0.007 -25.7 0.03
C02.3 n/a n/a -24.0 0.002
C02.4 n/a n/a -22.8 0.2
Mean -27.0 0.005 -23.9 0.1
Standard deviation 2.2 0.004 1.3 0.1
C03.1 Jakolof Bay Sediment Sieved -22.7 0.03 -24.1 0.02
C03.2 n/a n/a -22.6 0.05
Mean -22.7 0.03 -23.4 0.04
1/2 Range n/a n/a 0.8 0.01
C04.1 Jakolof Dock Sediment -29.7 0.2 -23.7 0.2
C04.2 -23.6 0.04 -23.2 0.1
C04.3 -27.8 0.1 -24.4 0.1
Mean -27.0 0.1 -23.8 0.1
Standard deviation 3.1 0.1 0.6 0.1
C05.1 Kasitsna Bay Sediment n/a 0.006 -25.4 0.007
C05.2 -21.6 0.005 -25.7 0.007
Mean -21.6 0.006 -25.6 0.007
1/2 Range n/a 0.001 0.2 0.000



Table 10: Continued
C06.1 Homer Spit Coal -23.3 0.7 -26.2 0.2
C06.2 -24.4 0.4 -28.3 0.1
C06.3 -22.9 0.1 -22.9 0.03
Mean -23.5 0.4 -25.8 0.1
Standard deviation 0.8 0.3 2.7 0.1
C07.1 Bishop's Beach Coal -24.0 0.1 -25.9 0.1
C07.2 -25.3 0.2 -25.6 0.1
C07.3 -26.6 0.04 -23.0 0.1
Mean -25.3 0.1 -24.8 0.1
Standard deviation 1.3 0.1 1.6 0.03
C08.1 Woodstove ash (w/garbage) -21.4 0.002 -20.1 0.03
C08.2 -27.0 0.001 n/a n/a
C08.3 -27.5 0.001 n/a n/a
Mean -25.3 0.001 -20.1 0.01
Standard deviation 3.4 0.001 n/a n/a
C09.1 Woodstove ash -21.0 0.008 -22.7 0.003
C09.2 -22.5 0.03 n/a n/a
C09.3 -24.9 0.2 -21.9 0.008
Mean -22.8 0.1 -22.3 0.006
Standard deviation 2.0 0.1 0.6 0.004
PX3 North Slope Crude Oil -26.1 11 -23.6 46
PX3.2 -27.9 18 -25.0 57
PX3.3 -28.3 5.6 -20.6 11
PX3.4 n/a 5.6 -20.9 22
Mean -27.4 10 -22.5 34
Standard deviation 1.2 6.0 2.1 21
CX3 Cook Inlet Crude Oil -29.8 23 -26.3 54
CX3.2 -23.9 50 -25.5 33
CX3.3 n/a 11 -24.5 17
CX3.4 -29.3 39 -25.8 17
Mean -27.7 31 -25.5 30
Standard deviation 3.2 17 0.8 18



Table 10: Continued
DX3 Diesel Oil n/a n/a n/a n/a
DX3.2 -21.2 7.4 -22.7 0.9
DX3.3 -21.4 0.7 n/a n/a
DX3.4 n/a 1.8 n/a n/a
Mean -21.3 3.3 -22.7 0.9
Standard deviation 0.1 3.6 n/a n/a



Table 11: Concentrations and 513C of perylene from the sediment and crude oil samples.
Sample# Sample I.D. Perylene 

513C-PDB (%«)
Perylene 

Cone, (pg/g)
C01.1 Mud Bay Coal -28.9 2.8
C01.2 -26.4 2.7
C01.3a -28.1 1.0
C01.3b -29.1 1.0
C01.3c -27.1 1.0
C01.4 -26.9 2.4
Mean -27.8 1.8
Standard deviation 1.1 0.9
C02.1 Jakolof Bay Sediment -24.7 1.2
C02.2 -27.4 0.001
C02.3 -27.0 0.02
C02.4 -26.3 0.4
Mean -26.4 0.4
Standard deviation 1.2 0.6
C03.1 Jakolof Bay Sediment Sieved -26.0 0.009
C03.2 -27.7 0.2
Mean -26.9 0.1
1/2 Range 0.9 0.1
C04.1 Jakolof Dock Sediment -27.2 0.04
C04.2 -25.4 0.02
C04.3 -25.4 0.04
Mean -26.0 0.03
Standard deviation 1.0 0.01
C05.1 Kasitsna Bay Sediment -28.4 0.003
C05.2 -26.6 0.005
Mean -27.5 0.004
1/2 Range 0.9 0.004



Table 11: Continued
C06.1 Homer Spit Coal -26.6 0.9
C06.2 -31.0 0.6
C06.3 -31.8 5.0
Mean -29.8 2.2
Standard deviation 2.8 2.4
C07.1 Bishop's Beach Coal -26.2 1.4
C07.2 -27.7 0.4
C07.3 -27.7 0.3
Mean -27.2 0.7
Standard deviation 0.9 0.6
C08.1 Woodstove ash (w/garbage) -25.1 0.03
C08.2 n/a n/a
C08.3 n/a n/a
Mean -25.1 0.05
1/2 Range n/a n/a
C09.1 Woodstove ash -23.3 0.009
C09.2 -25.6 0.1
C09.3 -25.9 0.006
Mean -24.9 0.04
Standard deviation 1.4 0.05
PX3 North Slope Crude Oil -28.9 77
PX3.2 -26.9 8.8
PX3.3 n/a n/a
PX3.4 -25.4 22
Mean -27.1 36
Standard deviation 1.8 36
CX3 Cook Inlet Crude Oil -25.5 40
CX3.2 -27.0 28
CX3.3 -25.4 22
CX3.4 -28.6 5.6
Mean -26.6 24
Standard deviation 1.5 14



Table 11: Continued
DX3 Diesel Oil n/a n/a
DX3.2 -22.7 4.4
DX3.3 n/a n/a
DX3.4 n/a n/a
Mean -22.7 4.4
Standard deviation n/a n/a

Table 12: Mean concentrations and S13C of the oil samples.

Hydrocarbon

North Slope 
Crude 

613C-PDB ( % o )

Cook Inlet 
Crude 

813C-PDB ( % o )

Diesel 
813C-PDB ( % o )

North Slope 
Crude 

Cone, (pg/g)

Cook Inlet 
Crude 

Cone, (pg/g)
Diesel 

Cone, (pg/g)
1 -Ethylnapthalene -27.4 -27.7 -28.1 1925 1819 698
Acenaphthene-d10 -24.3 -24.7 -22.5 37 37 37
Fluorene -21.9 -28.4 -22.8 32 44 185
Phenanthrene -27.3 -26.3 -25.2 93 217 90
Fluoranthene -27.4 -27.7 -21.3 9.9 31 3.3
Chrysene -22.5 -25.5 -22.7 34 30 0.9
Benzo [ b ]  fluoranthene -25.2 -23.6 -24.7 19 19 19
Perylene -27.1 -26.6 -22.7 36 24 4.4
‘ Bold data were obtained from one sample and do not represent a mean.



Table 13: Concentrations and S13C of the internal standards from the microbial degradation experiment samples.
Sample# Sample I.D. 1 -Ethylnapthalene 

513C-PDB ( % o )

1-Ethylnapthalene 
Cone, (pg/g)

Acenaphthene-d10 
813C-PDB (%„)

Benzo [b] fluoranthene 
513C-PDB ( % o )

J01.001 North Slope Initial -27.1 0.7 -23.6 -25.7
J01.011 North Slope 1 Week -25.2 0.9 -22.3 -23.7
J01.021 North Slope 2 Weeks -27.4 0.4 -22.5 -24.0
J01.031 North Slope 3 Weeks -27.1 0.5 -22.2 -23.8
J01.051 North Slope 5 Weeks -26.5 1.2 -22.0 -23.3
J01.141 North Slope 3 Months -26.3 2.3 -22.7 -25.9
J01.521 North Slope 1 Year -25.6 1.3 -22.1 -23.4
Mean -26.5 1.0 -22.5 -24.3
Standard Deviation 0.8 0.6 0.5 1.1
J02.001 Cook Initial -26.5 1.3 -23.0 -25.9
J02.021 Cook 2 Weeks -25.8 1.0 -22.2 -24.2
J02.031a Cook 3 Weeks -26.7 1.2 -22.7 -23.6
J02.031b -25.7 1.2 -22.0 -23.9
J02.031C -26.0 1.3 -22.5 -23.9
J02.031d -25.7 1.2 -22.2 -24.2
J02.051a Cook 5 Weeks -28.4 0.6 -23.8 -26.1
J02.051b -25.7 0.6 -23.3 -25.1
J02.051C -25.7 0.6 -22.8 -25.2
J02.141 Cook 3 Months -26.6 1.0 -22.9 -26.1
J02.521 Cook 1 Year -26.3 1.1 -24.8 -24.1
Mean -26.3 1.0 -22.9 -24.8
Standard Deviation 0.8 0.3 0.8 1.0
J03.001 Diesel Initial -26.8 1.1 -22.8 -25.7
J03.011 Diesel 1 Week n/a 0.9 -22.9 -23.6
J03.021 Diesel 2 Weeks -25.3 0.9 -22.1 -23.8
J03.031 Diesel 3 Weeks -26.2 1.1 -22.8 -24.6
J03.051a Diesel 5 Weeks -25.7 0.9 -24.5 -24.9
J03.051b -26.0 0.9 -24.0 -24.6
J03.051C -26.2 1.0 -24.0 -24.8
J03.051d -26.3 1.0 -24.6 -25.0
J03.141a Diesel 3 Months -26.8 1.2 -23.5 -26.3



Table 13: Continued
J03.141b -26.8 1.1 -24.1 -25.6
J03.521a Diesel 1 Year -25.5 0.6 -22.8 -23.4
J03.521b -26.6 0.6 -23.3 -23.6
J03.521c -24.7 0.5 -21.0 -23.3
Mean -26.1 0.9 -23.3 -24.6
Standard Deviation

___ ___________: j._i ■ i _ ■ i
0.7 0.2 1.0 1.0

‘ Extreme outliers are printed in bold.



Table 14: Concentrations and 513C of fluorene and phenanthrene from the microbial degradation experiment samples.
Sample# Sample I.D. Fluorene Fluorene Phenanthrene Phenanthrene

813C-PDB ( % o ) Cone, (pg/g) 813C-PDB ( % o ) Cone, (pg/g)
J01.001 North Slope Initial -21.2 0.01 n/a 0.5
J01.011 North Slope 1 Week -22.5 0.01 -23.1 0.1
J01.021 North Slope 2 Weeks -22.6 0.01 -22.7 0.05
J01.031 North Slope 3 Weeks -22.5 0.003 -22.2 0.02
J01.051 North Slope 5 Weeks -20.3 0.02 -22.8 0.1
J01.141 North Slope 3 Months -20.9 0.02 -23.4 0.2
J01.521 North Slope 1 Year -21.4 0.02 -21.9 0.1
Mean -21.6 0.01 -22.7 0.1
Standard Deviation 0.9 0.01 0.6 0.1
J02.001 Cook Initial n/a 0.1 -23.0 1 . 2

J02.021 Cook 2 Weeks -24.4 0.04 -25.4 0.1
J02.031a Cook 3 Weeks -21.3 0.02 -23.6 0.1
J02.031b -22.8 0.02 -24.0 0.1
J02.031C -23.6 0.06 -24.4 0.2
J02.031d -26.8 0.03 -25.0 0.2
J02.051a Cook 5 Weeks -24.7 0.001 -23.5 0.009
J02.051b -22.6 0.003 -25.4 0.02
J02.051C -22.8 0.02 -23.8 0.02
J02.141 Cook 3 Months -25.7 0.02 -25.5 0.2
J02.521 Cook 1 Year -23.0 0.03 -25.2 0.2
Mean -23.8 0.04 -24.4 0.2
Standard Deviation 1.6 0.04 0.9 0.3
J03.001 Diesel Initial -26.0 0.04 -20.1 0.3
J03.011 Diesel 1 Week -20.0 0.1 -22.4 0.1
J03.021 Diesel 2 Weeks -20.5 0.05 -23.9 0.1
J03.031 Diesel 3 Weeks -23.0 0.1 -22.4 0.1
J03.051a Diesel 5 Weeks -25.6 0.001 -22.9 0.05
J03.051b -13.7 0.02 -22.8 0.03
J03.051C -30.2 0.01 -23.2 0.03
J03.051d -20.1 0.001 -23.6 0.04
J03.141a Diesel 3 Months n/a n/a -24.9 0.2



Table 14: Continued
J03.141b -24.6 0.02 -23.8 0.1
J03.521a Diesel 1 Year -21.0 0.2 -23.4 0.1
J03.521b -20.4 0.1 -24.0 0.1
J03.521c -21.3 0.2 -23.0 0.2
Mean -22.3 0.1 -23.1 0.1
Standard Deviation
*r— ____ _. ___________• a__i ■ i__i_i

2.4 0.1 1.1 0.1
‘ Extreme outliers are printed in bold.



Table 15: Concentrations and 813C of fluoranthene and chrysene from the microbial degradation experiment samples.
Sample# Sample I.D. Fluoranthene Fluoranthene Chrysene Chrysene

813C-PDB ( % o ) Cone, (pg/g) 813C-PDB (%.) Cone, (pg/g)
J01.001 North Slope Initial -23.6 0.6 -23.1 0.16
J01.011 North Slope 1 Week -24.1 0.1 -21.9 0.04
J01.021 North Slope 2 Weeks n/a 0.1 -24.6 0.02
J01.031 North Slope 3 Weeks n/a 0.009 -21.4 0.01
J01.051 North Slope 5 Weeks -21.1 0.1 -22.1 0.1
J01.141 North Slope 3 Months -24.8 0.2 -24.1 0.1
J01.521 North Slope 1 Year -20.5 0.04 -23.2 0.04
Mean -22.8 0.2 -22.9 0.06
Standard Deviation 1.9 0.2 1.2 0.05
J02.001 Cook Initial -24.3 0.3 -26.2 0.1
J02.021 Cook 2 Weeks n/a 0.04 -22.2 0.1
J02.031a Cook 3 Weeks -21.1 0.04 -23.7 0.05
J02.031b -22.6 0.04 -22.4 0.1
J02.031C -22.3 0.05 -21.7 0.1
J02.031d -23.4 0.05 -23.2 0.1
J02.051a Cook 5 Weeks n/a 0.003 -25.7 0.1
J02.051b n/a 0.003 -25.9 0.009
J02.051C n/a 0.003 -22.6 0.02
J02.141 Cook 3 Months n/a 0.000 -27.1 0.13
J02.521 Cook 1 Year -22.1 0.1 -25.7 0.07
Mean -22.6 0.1 -24.2 0.06
Standard Deviation 1.1 0.1 1.9 0.03
J03.001 Diesel Initial -25.0 0.02 -22.7 0.04
J03.011 Diesel 1 Week -22.4 0.05 -21.2 0.02
J03.021 Diesel 2 Weeks n/a 0.04 -21.7 0.01
J03.031 Diesel 3 Weeks n/a 0.1 -23.7 0.01
J03.051a Diesel 5 Weeks n/a 0.03 -24.5 0.02
J03.051b -25.2 0.03 n/a 0.1
J03.051C -24.9 0.03 -23.1 0.009
J03.051d -26.0 0.04 -20.6 0.009
J03.141a Diesel 3 Months n/a 0.000 -24.0 0.1



Table 15: Continued
J03.141b n/a 0.1 -24.0 0.1
J03.521a Diesel 1 Year -25.3 0.05 -21.9 0.03
J03.521b -24.7 0.01 -21.7 0.02
J03.521C -25.2 0.02 -21.2 0.04
Mean -24.8 0.04 -22.5 0.04
Standard Deviation 1.1 0.03 1.3 0.03
‘ Extreme outliers are printed in bold.



Table 16: Concentrations and 513C of perylene from the microbial degradation 
experiment samples._____________________________________________
Sample# Sample I.D. Perylene 

813C-PDB ( % o )

Perylene 
Cone, (pg/g)

J01.001 North Slope Initial -28.7 0.2
J01.011 North Slope 1 Week -26.9 0.2
J01.021 North Slope 2 Weeks -27.2 0.1
J01.031 North Slope 3 Weeks -28.4 0.05
J01.051 North Slope 5 Weeks -26.8 0.3
J01.141 North Slope 3 Months -28.8 0.5
J01.521 North Slope 1 Year -28.4 0.3
Mean -27.9 0.2
Standard Deviation 0.9 0.1
J02.001 Cook Initial -28.4 0.3
J02.021 Cook 2 Weeks -28.9 0.3
J02.031a Cook 3 Weeks -25.9 0.3
J02.031b -26.5 0.3
J02.031C -25.9 0.3
J02.031d -27.2 0.3
J02.051a Cook 5 Weeks -30.4 0.02
J02.051b -30.4 0.02
J02.051C -29.8 0.02
J02.141 Cook 3 Months -28.1 0 . 6

J02.521 Cook 1 Year -28.7 0.2
Mean -28.2 0.2
Standard Deviation 1.7 0.2
J03.001 Diesel Initial -30.1 0.4
J03.011 Diesel 1 Week -28.2 0.2
J03.021 Diesel 2 Weeks -28.4 0.1
J03.031 Diesel 3 Weeks -28.5 0.2
J03.051a Diesel 5 Weeks -29.1 0.2
J03.051b -26.8 0.2
J03.051C -27.6 0.2
J03.051d -28.7 0.2



Table 16: Continued
J03.141a Diesel 3 Months -29.9 0.5
J03.141b -29.7 0.5
J03.521a Diesel 1 Year -27.9 0.2
J03.521b -28.3 0.1
J03.521C________________________________ -27.6_____________ 0.1
Mean -28.5 0.2
Standard Deviation 1.0______________ 0.1
‘ Extreme outliers are printed in bold.
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Table 17: Calculated concentration ratios to perylene.
Sample I.D. Fluorene Phenanthrene Fluoranthene Chrysene

Jakolof Bay Sediment 0.01 0.32 0.05 0.32
Jakolof Dock Sediment 0.01 0.81 1.18 1.27
Kasitsna Bay Sediment 0.06 2.25 1.38 1.75
Mud Bay Coal 0.16 0.15 0.25 0.83
Homer Spit Coal 0.14 0.18 0.49 0.11
Bishops Beach Coal 0.08 0.05 0.16 0.12
Woodstove Ash 0.63 5.61 1.83 0.06
Woodstove Ash (with garbage) 1.73 2.00 n/a 1.00
Prudhoe Bay Crude Oil 0.90 2.59 0.28 0.95
Cook Inlet Crude Oil 2.91 9.01 0.96 1.27
Diesel Oil 33.41 12.05 0.78 0.07
J01.521 0.06 0.26 0.16 0.14
J02.521 0.17 1.12 0.68 0.39
J03.521 0.88 0.36 0.16 0.16
T01.051 0.05 0.32 0.49 0.11
T02.051 n/a 0.11 0.11 0.07
T03.051 0.01 0.05 0.05 0.04
T04.051 n/a 0.29 0.36 0.14
T05.051 0.25 1.25 1.17 0.08
T06.051 0.04 0.30 0.19 0.13
T07.051 0.06 0.38 0.53 0.12
T08.051 0.00 0.05 0.07 0.08
T09.051 0.07 0.18 0.26 0.18
T10.051 0.09 0.16 0.13 0.25
T11.051 0.16 0.25 0.18 0.22
T12.051 0.27 0.43 0.04 0.10
M00.1 0.87 1.16 1.46 1.41
M07.1 1.52 6.42 44.15 2.92
M09.1 0.97 11.02 36.51 4.39
M10.1 16.84 18.11 3.79 10.11
M11.1 n/a n/a n/a n/a



Table 18a: Summary of slopes from linear regressions.
Treatment

PAH
J01 J02 J03 T01 T02 T03 T04 T05 T06 T07 T08 T09 T10 T11 T12

1 -Ethylnapthalene 
S13C-PDB (%o day'1)

P=.05
0.053

1-Ethylnapthalene 
Cone, (pg/g day'1)
Acenaphthene-d10 
513C-PDB (%o day1)

P=.05
-0.006

Benzo [b] fluoranthene
513C-PDB (%o day
Fluorene
513C-PDB (%o day1)

n/a

Fluorene
Cone, (pg/g day'1)

P=.05 P=.05 P=.05 n/a P=.05 P=.05 P=.05
0.0003 -0.00007 -0.0002 -0.0003 0.00007 0.0001

Phenanthrene 
813C-PDB i U day'1)
Phenanthrene 
Cone, (pg/g day1)

P=05
0.0003

Fluoranthene 
513C-PDB (%o day1)

P=.05
0.0663

Fluoranthene 
Cone, (pg/g day1)
Chrysene
S13C-PDB (%o day'1)

P=.05
0.0663

Chrysene 
Cone, (pg/g day1)
Perylene
813C-PDB (%o day1)

P=.05
0.0691

Perylene
Cone, (pg/g day1)

P=.05 P=.05
-0.0013 -0.0009

* (-) =not significant, (P=.05) =significant, n/a=not available
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Table 18b: Summary of slopes from linear regressions.
Treatment

PAH
T01-T03 T04-T06 T07-T09 T10-T12

1-Ethylnapthalene 
513C-PDB ( % o  day1)

_ “ “ P=.05
0.0444

1-Ethylnapthalene 
Cone, (pg/g day1)

- - -

Acenaphthene-d10 
513C-PDB (% o  day1)

" * “ -

Benzo [b] fluoranthene 
S13C-PDB (% o  day1)

- - - -

Fluorene
513C-PDB ( % o  day1)

"

Fluorene
Cone, (pg/g day'1)

P=.05
-0.0001

“

Phenanthrene 
613C-PDB ( % o  day'1)

_ “ -

Phenanthrene 
Cone, (pg/g day'1)

- P=.05 
0.0003

Fluoranthene 
613C-PDB ( % o  day'1)

- “

Fluoranthene 
Cone, (pg/g day'1)

“ ~ - “

Chrysene
513C-PDB (%0 day'1)

“ - “ -

Chrysene 
Cone, (pg/g day'1)

" "

Perylene
513C-PDB (% o  day'1)

“ -

Perylene
Cone, (pg/g day'1)

- - _ -

* (-) =not significant, (P=.05) =significant, n/a=not available



Table 19a: Summary of z-test results for the individual tank data. The z-test determined if the initial data point differed from
the later data.

Treatment
PAH

T01 T02 T03 T04 T05 T06 T07 T08 T09 T10 T11 T12
1-Ethylnapthalene 
513C-PDB ( % o  day'1)

- - - lighter - - heavier lighter

1-Ethylnapthalene 
Cone, (pg/g day1)

- “ - - “ “ “ larger - -

Acenaphthene-d10 
513C-PDB (% o  day1)

" - - “ - - heavier lighter lighter “ "

Benzo [b] fluoranthene 
813C-PDB ( % o  day1)

- “ “ heavier - “ lighter

Fluorene
513C-PDB ( % o  day1)

heavier “ “ “ “ “ “ heavier lighter

Fluorene
Cone, (pg/g day'1)

larger - larger smaller “ smaller “ "

Phenanthrene 
513C-PDB ( % o  day'1)

- heavier - “ - heavier - “ - heavier

Phenanthrene 
Cone, (pg/g day'1)

- - - - larger - “ smaller “

Fluoranthene 
813C-PDB (%0 day"1)

- n/a - lighter - - - ■ “ lighter

Fluoranthene 
Cone, (pg/g day'1)

smaller - “ - - - “

Chrysene
S13C-PDB (% o  day'1)

“ - “ heavier - " lighter

Chrysene 
Cone, (pg/g day'1)

larger “ - - “ - “ ”

Perylene
813C-PDB (% o  day'1)

heavier - “ “ - heavier heavier

Perylene
Cone, (pg/g day'1)

larger “ - smaller - smaller “ “ ” “ - -
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Table 19b: Summary of z-test results for the pooled tank data.
Treatment

PAH
T01-T03 T04-T06 T07-T09 T10-T12

1-Ethylnapthalene 
813C-PDB ( % o  day'1)

lighter “

1-Ethylnapthalene 
Cone, (pg/g day1)

“ - “

Acenaphthene-d10 
813C-PDB ( % o  day'1)

heavier -

Benzo [b] fluoranthene 
813C-PDB ( % o  day'1)

- “ lighter

Fluorene
813C-PDB ( % o  day'1)

■ - “ “

Fluorene
Cone, (pg/g day"1)

larger - - smaller

Phenanthrene 
S13C-PDB ( % o  day'1)

- -

Phenanthrene 
Cone, (pg/g day'1)

■ - smaller

Fluoranthene 
813C-PDB ( % o  day'1)

“ heavier -

Fluoranthene 
Cone, (pg/g day'1)

smaller " -

Chrysene
813C-PDB ( % o  day'1)

heavier lighter

Chrysene 
Cone, (pg/g day'1)

■ - -

Perylene
S13C-PDB ( % o  day'1)

- ~ -

Perylene
Cone, (pg/g day'1)

smaller ” “

* concentration results are printed in bold



Table 20: Concentration and 513C of the internal standards from the M. balthica samples.
Sample# Sample I.D. 1 -Ethylnapthalene 

813C-PDB ( % o )

1 -Ethylnapthalene Acenaphthene-d 10 
Cone, (pg/g) 813C-PDB ( % o )

Benzo [b] fluoranthene 
813C-PDB ( % o )

MT.3 Tank 9 M. balthica (3 Weeks) -27.3 488 -22.0 -25.2
MT.4 Tank 7 M. balthica (4 Weeks) -25.4 139 -21.3 -23.4
M07.1 Tank 7 M. balthica -28.4 120 -24.6 -25.7
M08.1 Tank 8 M. balthica n/a n/a n/a n/a
M09.1 Tank 9 M. balthica -27.3 96 -23.2 -24.0
Mean -27.1 211 -22.8 -24.6
Standard Deviation 1.2 186 1.4 1.1
MT.1 Tank 10 M. balthica (1 Week) -28.4 653 -24.2 -26.2
MT.2 Tank 11 M. balthica (4 Weeks) -24.9 48 -21.2 -23.0
M10.1 Tank 10 M. balthica -27.9 118 -24.4 -26.2
M11.1 Tank 1 1  M. balthica -26.7 206 -21.8 -21.8
M12.1 Tank 12 M. balthica n/a n/a n/a n/a
Mean -27.0 256 -22.9 -24.3
Standard Deviation 1.6 272 1.6 2.2



Table 21: Concentrations and 513C of fluorene and phenanthrene from the M. balthica samples.
Sample# Sample I.D. Fluorene Fluorene Phenanthrene Phenanthrene

813C-PDB (%o ) Cone, (pg/g) 813C-PDB (%o ) Cone, (pg/g)
MT.3 Tank 9 M. balthica (3 Weeks) -21.9 2.9 -25.9 0.6
MT.4 Tank 7 M. balthica (4 Weeks) -23.6 0.6 -22.9 1.5
M07.1 Tank 7 M. balthica -21.5 0.3 n/a 1.2
M08.1 Tank 8 M. balthica n/a n/a n/a n/a
M09.1 Tank 9 M. balthica -22.4 0.1 -22.6 1.4
Mean -22.3 1.0 -23.8 1.2
Standard Deviation 0.9 1.3 1.8 0.4
MT.1 Tank 10 M.balthica (1 Week) -23.1 0.8 -25.1 0.7
MT.2 Tank 11 M.balthica (4 Weeks) -22.1 0.2 -23.3 0.3
M10.1 Tank 10 M.balthica -24.0 1.6 -23.5 1.7
M11.1 Tank 11 M. balthica n/a 0.0 n/a 0.0
M12.1 Tank 12 M.balthica n/a n/a n/a n/a
Mean -23.0 0.7 -24.0 0.7
Standard Deviation 0.9 0.7 1.0 0.7



Table 22: Concentrations and 513C of fluoranthene and chrysene from the M. balthica samples.
Sample# Sample I.D. Fluoranthene Fluoranthene Chrysene Chrysene

813C-PDB (%„) Cone, (pg/g) 813C-PDB (%o ) Cone, (pg/g)
MT.3 Tank 9 M. balthica (3 Weeks) -24.8 1.0 -20.6 0.1
MT.4 Tank 7 M. balthica (4 Weeks) -23.1 0.1 -23.6 0.1
M07.1 Tank 7 M. balthica n/a 8.5 -20.6 0.6
M08.1 Tank 8 M. balthica n/a n/a n/a n/a
M09.1 Tank 9 M. balthica n/a 4.6 -20.2 0.6
Mean -24.0 3.5 -21.2 0.3
Standard Deviation 1.3 3.8 1.6 0.3
MT.1 Tank 10 M. balthica (1 Week) -20.9 0.5 -27.4 0.3
MT.2 Tank 11 M. balthica (4 Weeks) -27.0 0.1 -22.4 0.05
M10.1 Tank 10 M. balthica -22.3 0.4 -25.4 1.0
M11.1 Tank 11 M.balthica -25.4 16 n/a 0.000
M12.1 Tank 12 M. balthica n/a n/a n/a n/a
Mean -23.9 4.1 -25.1 0.3
Standard Deviation 2.8 7.6 2.5 0.4



Table 23: Concentrations and 513C of perylene from the M. balthica samples.
Sample# Sample I.D. Perylene

S13C-PDB ( % o )

Perylene 
Cone, (pg/g)

MT.3 Tank 9 M. balthica (3 Weeks) -27.3 0.4
MT.4 Tank 7 M. balthica (4 Weeks) -27.0 0.9
M07.1 Tank 7 M. balthica -22.9 0.2
M08.1 Tank 8 M.balthica n/a n/a
M09.1 Tank 9 M.balthica -26.8 0.1
Mean -26.0 0.4
Standard Deviation 2.1 0.4
MT.1 Tank 10 M. balthica (1 Week) -28.4 3.9
MT.2 Tank 11 M. balthica (4 Weeks) -27.9 0.03
M10.1 Tank 10 M. balthica -28.4 0.1
M11.1 Tank 11 M. balthica n/a 0.000
M12.1 Tank 12 M.balthica n/a n/a
Mean -28.2 1.0
Standard Deviation 0.3 1.9

Table 24: The precision of 813C data from the crude oil, diesel fuel and the 
hydrocarbon standards. The tabulated values are one standard deviation of 
the data.

PAH
North Slope 

Crude
Cook Inlet 

Crude Diesel Standard
1-ethynapthalene 0.3 1.0 0.5 1.2
acenaphthene - d10 0.5 1.2 0.6 1.1
benzo [b] fluoranthene 1.0 0.9 1.2 1.4
fluorene 0.8 1.1 1.1 1.1
phenanthrene 0.2 2.7 1.7 1.0
fluoranthene 1.2 3.2 0.1 1.0
chrysene 2.1 0.8 n/a 1.1
perylene 1.8 1.5 n/a 1.4



Table 25: Comparison of isotopic values determined for sediment and woodstove ash analyzed in this study with 
those of sediment and fireplace soot analyzed in other studies.________________________________________
Source Fluorene Phenanthrene Fluoranthene Chrysene Perylene Reference

Jakolof Bay -22.5 -20.8 -27.0 -23.9 -26.4 This Study
Jakolof Dock -24.0 -21.3 -27.0 -23.8 -26.0 This Study
Kasitsna Bay -25.2 -23.2 -21.6 -25.6 -27.5 This Study
St. Lawrence River sediment (-24.1-24.6) (-28.5 -29.2) Stark et al. 2003
St. John's Harbour sediment —25.1 —25.4 —25.7 O'Malley et al. 1994
Conception Bay sediment —25.2 —25.6 O'Malley et al. 1994
Woodstove ash (w/ garbage) -25.3 -24.6 -25.3 -20.10 -25.1 This Study
Woodstove ash -26.0 -23.9 -22.8 -22.30 -24.9 This Study
Fireplace soot (-24.2 -26.2) (-25.7 -26.5) (-25.0 -25.5) Stark et al. 2003
Fireplace soot —26.0 —25.2 -25.8 O'Malley et al. 1994
Fireplace soot —26.7 —25.5 —25.3 O'Malley et al. 1996
* All values represent the 813C-PDB (%o) of the PAH. Italicized data are values read from a graph.



Table 26: Initial PAH concentrations for the microbial 
degradation experiments.______________________
Sample I.D. Hydrocarbon Calculated 

Cone, (ug/g)*
Measured 

Cone, (ug/g)
North Slope Fluorene 0.01 0.01

Phenanthrene 0.3 0.5
Fluoranthene 0.04 0.6
Chrysene 0.04 0.2
Perylene 0.1 0.2

Cook Inlet Fluorene 0.01 0.1
Phenanthrene 0.3 1.2
Fluoranthene 0.04 0.3
Chrysene 0.04 0.1
Perylene 0.1 0.3

Diesel Fluorene 0.04 0.04
Phenanthrene 0.3 0.3
Fluoranthene 0.04 0.02
Chrysene 0.04 0.04
Perylene 0.1 0.4

* The calculated data were determined using a formula 
listed as Calculation #1 in Table 4.
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Additional Figures
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Figure A-1: Linear regressions of the 813C values and concentrations of internal
standards from the tank 1 biodegradation experiment.
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Figure A-3: Linear regressions of the 513C values and concentrations of fluoranthene
and chrysene from the tank 1 biodegradation experiment.
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Figure A-11: Linear regressions of the 513C values and concentrations of fluoranthene
and chrysene from the tank 3 biodegradation experiment.



Figure A-12: Linear regressions of the 513C values and concentrations of perylene from
the tank 3 biodegradation experiment.
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Figure A-13: Linear regressions of the 513C values and concentrations of internal
standards from the tank 7 biodegradation experiment.
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Figure A-14: Linear regressions of the S13C values and concentrations of fluorene and
phenanthrene from the tank 7 biodegradation experiment.
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Figure A-16: Linear regressions of the 513C values and concentrations of perylene from
the tank 7 biodegradation experiment.
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Figure A-17: Linear regressions of the 813C values and concentrations of internal
standards from the tank 8 biodegradation experiment.
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and chrysene from the tank 9 biodegradation experiment.
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Figure A-26: Linear regressions of the 813C values and concentrations of phenanthrene
and fluoranthene from the tank 4 biodegradation experiment.



Figure A-27: Linear regressions of the 813C values and concentrations of chrysene and
perylene from the tank 4 biodegradation experiment.
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Figure A-28: Linear regressions of the S1JC values and concentrations of internal
standards from the tank 5 biodegradation experiment.
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phenanthrene from the tank 5 biodegradation experiment.
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and chrysene from the tank 5 biodegradation experiment.



Figure A-31: Linear regressions of the 513C values and concentrations of perylene from
the tank 5 biodegradation experiment.
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and chrysene from the tank 6 biodegradation experiment.



Figure A-35: Linear regressions of the 513C values and concentrations of perylene from
the tank 6 biodegradation experiment.
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Figure A-36: Linear regressions of the 513C values and concentrations of internal
standards from the tank 10 biodegradation experiment.
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Figure A-37: Linear regressions of the 813C values and concentrations of fluorene and
phenanthrene from the tank 10 biodegradation experiment.
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Figure A-38: Linear regressions of the 513C values and concentrations of fluoranthene
and chrysene from the tank 10 biodegradation experiment.



Figure A-39: Linear regressions of the S13C values and concentrations of perylene from
the tank 10 biodegradation experiment.
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Figure A-40: Linear regressions of the 513C values and concentrations of internal
standards from the tank 11 biodegradation experiment.
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Figure A-41: Linear regressions of the 81JC values and concentrations of fluorene and
phenanthrene from the tank 11 biodegradation experiment.
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Figure A-42: Linear regressions of the 813C values and concentrations of fluoranthene
and chrysene from the tank 11 biodegradation experiment.



Figure A-43: Linear regressions of the 813C values and concentrations of perylene from
the tank 11 biodegradation experiment.
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Figure A-44: Linear regressions of the 513C values and concentrations of internal
standards from the tank 12 biodegradation experiment.
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phenanthrene from the tank 12 biodegradation experiment.
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Appendix B

Additional Tables



Table B-1: Concentrations and 813C of the internal standards from the biodegradation experiment samples.
Sample# Sample I.D. 1 -Ethylnapthalene 

813C-PDB ( % o)

1-Ethylnapthalene 
Cone, (pg/g)

Acenaphthene-d10 
813C-PDB ( % o)

Benzo [b] fluoranthene 
813C-PDB ( % o)

T01.001 North Slope Initial -25.6 0.1 -23.0 -23.9
T01.011 North Slope 1 Week -27.6 0.2 -24.6 n/a
T01.021 North Slope 2 Weeks -27.4 0.1 -23.9 -22.7
T01.031 North Slope 3 Weeks -25.6 0.2 -22.4 -23.4
T01.041 North Slope 4 Weeks -25.8 0.2 -22.7 -24.4
T01.051 North Slope 5 Weeks -26.2 0.2 -22.5 -24.4
Mean -26.4 0.2 -23.2 -23.8
Standard Deviation 0.9 0.03 0.9 0.7
T02.001 North Slope Initial -27.5 0.2 -23.6 -23.0
T02.011 North Slope 1 Week -25.6 0.1 -22.6 -24.4
T02.021 North Slope 2 Weeks -27.9 0.1 -22.9 -22.4
T02.031 North Slope 3 Weeks -25.9 0.2 -22.3 -23.3
T02.041 North Slope 4 Weeks -26.0 0.3 -22.9 -24.1
T02.051 North Slope 5 Weeks -27.0 0.1 -25.0 -22.3
Mean -26.7 0.2 -23.2 -23.3
Standard Deviation 1.0 0.1 1.0 0.9
T03.001 North Slope Initial -25.9 0.2 -23.4 -24.5
T03.011 North Slope 1 Week -27.9 0.2 -23.4 -23.8
T03.021 North Slope 2 Weeks -26.2 0.2 -23.5 -24.7
T03.031 North Slope 3 Weeks -27.6 0.1 -22.4 -24.4
T03.041 North Slope 4 Weeks -26.3 0.1 -23.0 -25.0
T03.051 North Slope 5 Weeks -26.7 0.2 -23.0 -23.9
Mean -26.8 0.2 -23.1 -24.4
Standard Deviation 0.8 0.1 0.4 0.5
T04.001 Diesel Initial -27.3 0.1 -21.9 -23.4
T04.011 Diesel 1 Week -26.8 0.2 -23.8 -22.2
T04.021 Diesel 2 Weeks n/a n/a n/a n/a
T04.031 Diesel 3 Weeks -25.5 0.1 -21.2 n/a
T04.041 Diesel 4 Weeks -25.5 0.2 -21.3 -24.3
T04.051 Diesel 5 Weeks -25.7 0.2 -21.7 -23.8



Table B-1: Continued
Mean -26.2 0.2 -22.0 -23.4
Standard Deviation 0.8 0.03 1.1 0.9
T05.001 Diesel Initial -25.4 0.2 -22.4 -22.8
T05.011 Diesel 1 Week -25.3 0.2 -22.2 -23.0
T05.021 Diesel 2 Weeks -25.5 0.3 -22.4 -24.5
T05.031a Diesel 3 Weeks -27.8 0.7 n/a -22.9
T05.031b -26.4 0.3 -24.6 -24.6
T05.031C -27.0 0.2 -23.1 -25.4
T05.041 Diesel 4 Weeks -25.7 0.2 -22.5 -23.8
T05.051 Diesel 5 Weeks -25.9 0.2 -22.8 -25.0
Mean -26.1 0.3 -22.8 -24.0
Standard Deviation 0.9 0.2 0.8 1.0
T06.001 Diesel Initial -26.7 0.2 -23.2 -23.6
T06.011 Diesel 1 Week -25.9 0.1 -22.5 -23.6
T06.021 Diesel 2 Weeks -26.8 0.2 -24.6 -26.5
T06.031 Diesel 3 Weeks -26.3 0.3 -22.4 -23.9
T06.041a Diesel 4 Weeks -26.4 0.2 -22.9 -23.7
T06.041b -25.3 0.1 -23.6 -23.8
T06.051a Diesel 5 Weeks -27.4 0.3 -21.5 -23.9
T06.051b -26.0 0.1 -24.8 -24.6
Mean -26.3 0.2 -23.2 -24.2
Standard Deviation 0.6 0.1 1.1 1.0
T07.001 North Slope Initial -26.8 0.1 -23.7 -25.7
T07.011 North Slope 1 Week -26.1 0.1 -23.2 -24.6
T07.021 North Slope 2 Weeks n/a 0.1 -23.5 -23.3
T07.031 North Slope 3 Weeks -27.0 n/a -21.7 -23.6
T07.041a North Slope 4 Weeks -28.8 n/a -23.2 -24.6
T07.041b -27.9 n/a -23.2 -26.0
T07.041C -27.0 n/a -25.1 -23.9
T07.051 North Slope 5 Weeks -26.0 0.2 -23.1 -24.2
Mean -27.1 0.1 -23.3 -24.5
Standard Deviation 1.0 0.04 0.9 0.9



Table B-1: Continued
T08.001 North Slope Initial -25.5 0.2 -21.9 -23.7
T08.011 North Slope 1 Week -28.0 0.1 -22.5 -25.5
T08.021 North Slope 2 Weeks -27.2 0.2 -24.1 -25.7
T08.031 North Slope 3 Weeks -26.6 0.2 -23.0 -25.4
T08.041 North Slope 4 Weeks -27.5 0.1 -22.6 -24.8
T08.051 North Slope 5 Weeks -26.3 0.2 -24.0 -24.6
Mean -26.8 0.2 -23.0 -24.9
Standard Deviation 0.9 0.04 0.9 0.7
T09.001 North Slope Initial -27.0 0.2 -24.9 n/a
T09.011 North Slope 1 Week -26.3 0.2 -22.5 -23.6
T09.021 North Slope 2 Weeks -26.4 0.3 -22.8 -23.0
T09.031 North Slope 3 Weeks -28.7 n/a -23.3 -22.6
T09.041 -25.7 0.2 -22.3 -23.7
T09.051 North Slope 5 Weeks n/a 0.3 n/a -23.7
Mean -26.8 0.2 -23.2 -23.3
Standard Deviation 1.2 0.1 1.0 0.5
T10.001 Diesel Initial -27.7 0.3 -24.9 -23.8
T10.011a Diesel 1 Week -25.3 0.1 -22.8 -23.8
T10.011b -25.7 0.1 -23.3 -24.6
T10.021 Diesel 2 Weeks -26.8 0.2 -24.4 -24.1
T10.031 Diesel 3 Weeks -26.7 0.3 -23.5 -25.9
T10.041 Diesel 4 Weeks -25.1 0.2 -22.6 -23.0
T10.051 Diesel 5 Weeks -25.0 0.2 -23.0 -23.0
Mean -26.0 0.2 -23.5 -24.0
Standard Deviation 1.0 0.1 0.9 1.0
T11.001 Diesel Initial -25.6 0.1 -23.0 -24.2
T11.011 Diesel 1 Week -27.1 0.2 -23.9 -25.9
T11.021 Diesel 2 Weeks -27.2 0.2 -24.8 -25.6
T11.031 Diesel 3 Weeks -27.2 0.1 -23.0 -25.4
T11.041 Diesel 4 Weeks -25.2 0.1 -22.3 -23.0
T11.051 Diesel 5 Weeks n/a 0.2 -22.7 -23.1
Mean -26.5 0.1 -23.3 -24.5
Standard Deviation 1.0 0.1 0.9 1.3



Table B-1: Continued
T12.001 Diesel Initial -26.4 0.1 -23.2 -24.6
T12.011 Diesel 1 Week -27.5 0.1 -21.9 -24.0
T12.021 Diesel 2 Weeks -27.0 0.2 -23.9 -23.2
T12.031 Diesel 3 Weeks -25.2 0.2 -23.4 -22.9
T12.041 Diesel 4 Weeks -26.1 0.1 -22.7 -23.0
T12.051 Diesel 5 Weeks -25.7 0.2 -22.4 -24.0
Mean -26.3 0.1 -22.9 -23.6
Standard Deviation 0.8 0.1 0.7 0.7
* Extreme outliers are printed in bold.



Table B-2: Concentrations and S13C of fluorene and phenanthrene from the biodegradation experiment samples.
Sample# Sample I.D. Fluorene Fluorene Phenanthrene Phenanthrene

813C-PDB ( % o) Cone, (pg/g) 813C-PDB (%>) Cone, (pg/g)
T01.001 North Slope Initial -20.4 0.004 -23.2 0.02
T01.011 North Slope 1 Week -21.0 0.003 -24.2 0.01
T01.021 North Slope 2 Weeks -21.8 0.003 -22.5 0.04
T01.031 North Slope 3 Weeks -22.8 0.002 -24.0 0.01
T01.041 North Slope 4 Weeks -23.4 0.001 -23.2 0.01
T01.051 North Slope 5 Weeks -21.7 0.002 -22.3 0.01
Mean -21.8 0.003 -23.2 0.02
Standard Deviation 1.1 0.001 0.8 0.01
T02.001 North Slope Initial -21.0 0.006 -21.3 0.02
T02.011 North Slope 1 Week -21.7 0.006 -23.7 0.02
T02.021 North Slope 2 Weeks -23.5 0.001 -22.7 0.01
T02.031 North Slope 3 Weeks -21.3 0.004 -22.3 0.02
T02.041 North Slope 4 Weeks -22.5 0.001 -24.1 0.01
T02.051 North Slope 5 Weeks -21.1 0.0003 -23.3 0.003
Mean -21.8 0.003 -22.9 0.01
Standard Deviation 1.0 0.003 1.0 0.006
T03.001 North Slope Initial -22.6 0.001 -24.1 0.01
T03.011 North Slope 1 Week -22.0 0.002 -22.7 0.01
T03.021 North Slope 2 Weeks -24.9 0.006 -22.6 0.03
T03.031 North Slope 3 Weeks -22.1 0.003 -24.1 0.02
T03.041 North Slope 4 Weeks -22.2 0.001 -23.2 0.005
T03.051 North Slope 5 Weeks -21.7 0.002 -23.2 0.01
Mean -22.6 0.003 -23.3 0.01
Standard Deviation 1.2 0.002 0.6 0.007
T04.001 Diesel Initial -20.7 0.005 -21.5 0.008
T04.011 Diesel 1 Week -23.7 0.003 -20.4 0.007
T04.021 Diesel 2 Weeks n/a n/a n/a n/a
T04.031 Diesel 3 Weeks n/a n/a n/a n/a
T04.041 Diesel 4 Weeks n/a n/a -21.6 0.009
T04.051 Diesel 5 Weeks n/a n/a -22.3 0.01



Table B-2: Continued
Mean -22.2 0.004 -21.4 0.009
Standard Deviation 2.1 0.001 0.8 0.002
T05.001 Diesel Initial -22.0 0.02 -24.3 0.02
T05.011 Diesel 1 Week -20.5 0.009 -21.3 0.01
T05.021 Diesel 2 Weeks -22.9 0.009 -24.7 0.02
T05.031a Diesel 3 Weeks n/a 0.008 -21.2 0.02
T05.031b -23.1 0.005 -21.1 0.009
T05.031C -22.7 0.002 -21.4 0.007
T05.041 Diesel 4 Weeks -21.4 0.006 -22.6 0.01
T05.051 Diesel 5 Weeks -22.8 0.003 -24.6 0.02
Mean -22.2 0.007 -22.6 0.01
Standard Deviation 0.9 0.004 1.6 0.006
T06.001 Diesel Initial -21.9 0.006 -23.4 0.01
T06.011 Diesel 1 Week -21.6 0.007 -21.8 0.01
T06.021 Diesel 2 Weeks -21.0 0.01 -22.5 0.03
T06.031 Diesel 3 Weeks -23.8 0.001 -21.4 0.001
T06.041a Diesel 4 Weeks -22.3 0.003 -22.4 0.02
T06.041b -21.1 0.005 -21.9 0.01
T06.051a Diesel 5 Weeks n/a n/a -22.5 0.02
T06.051b -20.4 0.002 -23.7 0.009
Mean -21.7 0.005 -22.4 0.01
Standard Deviation 1.1 0.004 0.8 0.008
T07.001 North Slope Initial -25.2 0.0003 -23.7 0.004
T07.011 North Slope 1 Week -22.2 0.0004 -23.2 0.006
T07.021 North Slope 2 Weeks -24.0 0.001 -24.6 0.01
T07.031 North Slope 3 Weeks -25.2 0.002 -23.4 0.007
T07.041a North Slope 4 Weeks -25.4 0.002 -21.5 0.03
T07.041b -25.6 0.003 -21.8 0.02
T07.041C -27.9 0.001 -23.1 0.02
T07.051 North Slope 5 Weeks -20.3 0.002 -23.1 0.01
Mean -24.5 0.001 -23.0 0.01
Standard Deviation 2.3 0.001 1.0 0.008



Table B-2: Continued
T08.001 North Slope Initial -21.7 0.002 -22.1 0.007
T08.011 North Slope 1 Week -24.3 0.001 -24.7 0.009
T08.021 North Slope 2 Weeks -28.3 0.005 -23.8 0.02
T08.031 North Slope 3 Weeks -26.5 0.002 -24.6 0.006
T08.041 North Slope 4 Weeks -23.8 0.002 -24.4 0.01
T08.051 North Slope 5 Weeks -23.0 0.001 -24.3 0.02
Mean -24.6 0.002 -24.0 0.01
Standard Deviation 2.4 0.001 1.0 0.005
T09.001 North Slope Initial -23.6 0.001 n/a 0.007
T09.011 North Slope 1 Week -22.9 0.001 -24.7 0.01
T09.021 North Slope 2 Weeks -22.2 0.003 -24.2 0.01
T09.031 North Slope 3 Weeks -23.9 0.002 -23.2 0.01
T09.041 -20.8 0.004 -21.6 0.02
T09.051 North Slope 5 Weeks -20.8 0.006 -24.9 0.02
Mean -22.4 0.003 -23.7 0.01
Standard Deviation 1.4 0.002 1.3 0.004
T10.001 Diesel Initial -24.0 0.002 -22.1 0.01
T10.011a Diesel 1 Week -23.6 0.02 -24.0 0.03
T10.011b -23.4 0.02 -22.9 0.03
T10.021 Diesel 2 Weeks -22.7 0.01 -23.6 0.02
T10.031 Diesel 3 Weeks -24.9 0.008 -25.5 0.008
T10.041 Diesel 4 Weeks -22.6 0.008 -22.7 0.02
T10.051 Diesel 5 Weeks -24.8 0.007 -23.0 0.01
Mean -23.7 0.01 -23.4 0.02
Standard Deviation 0.9 0.006 1.1 0.009
T11.001 Diesel Initial -21.3 0.004 -22.9 0.008
T11.011 Diesel 1 Week -22.4 0.003 -22.4 0.02
T11.021 Diesel 2 Weeks -23.9 0.01 -28.0 0.01
T11.031 Diesel 3 Weeks -23.1 0.003 -23.5 0.06
T11.041 Diesel 4 Weeks -21.9 0.003 -21.8 0.01
T11.051 Diesel 5 Weeks -22.1 0.009 -23.8 0.01
Mean -22.4 0.005 -23.7 0.02
Standard Deviation 0.9 0.003 2.2 0.02



Table B-2: Continued
T12.001 Diesel Initial -24.4 0.0005 -20.6 0.002
T12.011 Diesel 1 Week -22.3 0.003 -23.7 0.008
T12.021 Diesel 2 Weeks -24.2 0.006 -23.8 0.008
T12.031 Diesel 3 Weeks -21.1 0.01 -23.6 0.02
T12.041 Diesel 4 Weeks -21.4 0.002 n/a 0.007
T12.051 Diesel 5 Weeks -21.6 0.01 -22.6 0.02
Mean -22.5 0.006 -22.9 0.01
Standard Deviation 1.5 0.005 1.4 0.007
* Extreme outliers are printed in bold.



Table B-3: Concentrations and S13C of fluoranthene and chrysene from the biodegradation experiment samples.
Sample# Sample I.D. Fluoranthene Fluoranthene Chrysene Chrysene

813C-PDB ( % o) Cone, (pg/g) 813C-PDB ( % o) Cone, (pg/g)
T01.001 North Slope Initial -24.4 0.001 -25.6 0.007
T01.011 North Slope 1 Week -23.6 0.01 -25.4 0.002
T01.021 North Slope 2 Weeks -24.3 0.02 -25.1 0.006
T01.031 North Slope 3 Weeks -22.8 0.01 -23.8 0.0003
T01.041 North Slope 4 Weeks -21.8 0.005 -24.2 0.0003
T01.051 North Slope 5 Weeks -22.6 0.02 -25.1 0.004
Mean -23.3 0.01 -24.9 0.003
Standard Deviation 1.0 0.007 0.7 0.003
T02.001 North Slope Initial n/a n/a -23.4 0.005
T02.011 North Slope 1 Week -23.5 0.02 -25.8 0.002
T02.021 North Slope 2 Weeks -23.3 0.02 -28.1 0.004
T02.031 North Slope 3 Weeks -22.3 0.02 -22.5 0.003
T02.041 North Slope 4 Weeks -22.6 0.007 -23.5 0.008
T02.051 North Slope 5 Weeks -24.2 0.003 -25.7 0.002
Mean -23.2 0.01 -24.8 0.004
Standard Deviation 0.8 0.008 2.1 0.002
T03.001 North Slope Initial -21.5 0.01 -25.0 0.004
T03.011 North Slope 1 Week -23.8 0.02 -23.8 0.003
T03.021 North Slope 2 Weeks n/a 0.005 -24.9 0.007
T03.031 North Slope 3 Weeks -23.4 0.02 -24.1 0.0003
T03.041 North Slope 4 Weeks -23.6 0.005 -23.1 0.001
T03.051 North Slope 5 Weeks -21.4 0.01 -22.3 0.009
Mean -22.7 0.01 -23.9 0.004
Standard Deviation 1.2 0.005 1.0 0.003
T04.001 Diesel Initial -21.9 0.005 -20.6 0.001
T04.011 Diesel 1 Week -20.5 0.007 -22.3 0.003
T04.021 Diesel 2 Weeks n/a n/a n/a n/a
T04.031 Diesel 3 Weeks n/a n/a n/a n/a
T04.041 Diesel 4 Weeks -21.4 0.004 -20.7 0.02
T04.051 Diesel 5 Weeks -20.5 0.02 -20.7 0.006



Table B-3: Continued
Mean
Standard Deviation

-21.1
0.7

0.008
0.005

-21.1
0.8

0.007
0.008

T05.001 Diesel Initial -22.1 0.02 -21.5 0.005
T05.011 Diesel 1 Week -20.1 0.009 -22.7 0.004
T05.021 Diesel 2 Weeks -23.5 0.02 -22.7 0.004
T05.031a Diesel 3 Weeks -21.5 0.03 -22.1 0.005
T05.031b -22.9 0.01 -22.1 0.006
T05.031C -22.4 0.007 -21.7 0.006
T05.041 Diesel 4 Weeks -22.0 0.01 -21.8 0.001
T05.051 Diesel 5 Weeks -23.3 0.01 -20.4 0.001
Mean -22.2 0.02 -21.9 0.004
Standard Deviation 1.1 0.008 0.7 0.002
T06.001 Diesel Initial n/a n/a -22.8 0.005
T06.011 Diesel 1 Week -24.9 0.008 n/a 0.004
T06.021 Diesel 2 Weeks n/a 0.02 -22.4 0.005
T06.031 Diesel 3 Weeks n/a 0.002 n/a 0.000
T06.041a Diesel 4 Weeks n/a n/a -22.2 0.03
T06.041b -22.0 0.008 -23.7 0.005
T06.051a Diesel 5 Weeks n/a n/a -24.7 0.004
T06.051b -23.7 0.009 -22.8 0.008
Mean -23.5 0.01 -23.1 0.007
Standard Deviation 1.5 0.008 0.9 0.009
T07.001 North Slope Initial -22.2 0.004 -20.2 0.001
T07.011 North Slope 1 Week -23.5 0.005 -22.5 0.0004
T07.021 North Slope 2 Weeks -22.5 0.02 -21.6 0.005
T07.031 North Slope 3 Weeks -22.0 0.01 -25.0 0.006
T07.041a North Slope 4 Weeks -22.8 0.04 -23.2 0.003
T07.041b -24.6 0.05 -21.6 0.006
T07.041c -25.1 0.02 -25.1 0.004
T07.051 North Slope 5 Weeks -23.5 0.02 -21.4 0.004
Mean
Standard Deviation

-23.3
1.1

0.02
0.02

-22.6
1.7

0.004
0.002



Table B-3: Continued
T08.001 North Slope Initial n/a n/a -21.6 0.002
T08.011 North Slope 1 Week -23.2 0.004 -21.6 0.001
T08.021 North Slope 2 Weeks -24.1 0.02 -25.1 0.006
T08.031 North Slope 3 Weeks -21.9 0.004 -22.9 0.005
T08.041 North Slope 4 Weeks -21.6 0.02 -24.2 0.0004
T08.051 North Slope 5 Weeks -24.2 0.02 -23.6 0.03
Mean -23.0 0.01 -23.2 0.007
Standard Deviation 1.2 0.009 1.4 0.01
T09.001 North Slope Initial n/a n/a -24.5 0.023
T09.011 North Slope 1 Week -22.0 0.007 -23.4 0.008
T09.021 North Slope 2 Weeks -22.2 0.01 -24.8 0.002
T09.031 North Slope 3 Weeks -26.1 0.006 -24.1 0.03
T09.041 -23.0 0.02 -22.6 0.004
T09.051 North Slope 5 Weeks -22.4 0.02 -23.7 0.02
Mean -23.1 0.01 -23.9 0.01
Standard Deviation 1.7 0.007 0.8 0.01
T10.001 Diesel Initial n/a 0.005 -24.8 0.01
T10.011a Diesel 1 Week -22.5 0.03 -23.1 0.001
T10.011b -21.8 0.03 -24.5 0.001
T10.021 Diesel 2 Weeks -22.1 0.01 -24.5 0.003
T10.031 Diesel 3 Weeks n/a 0.007 -22.6 0.002
T10.041 Diesel 4 Weeks -22.3 0.004 -24.1 0.007
T10.051 Diesel 5 Weeks -20.5 0.01 -25.2 0.02
Mean -21.8 0.01 -24.1 0.006
Standard Deviation 0.8 0.01 0.9 0.007
T11.001 Diesel Initial -20.2 0.006 -21.6 0.005
T11.011 Diesel 1 Week -22.7 0.005 -21.4 0.003
T11.021 Diesel 2 Weeks n/a 0.007 -22.8 0.006
T11.031 Diesel 3 Weeks -23.6 0.01 -23.9 0.003
T11.041 Diesel 4 Weeks n/a 0.002 -20.2 0.004
T11.051 Diesel 5 Weeks -20.6 0.01 -20.5 0.01
Mean -21.8 0.007 -21.7 0.006
Standard Deviation 1.6 0.004 1.4 0.003



Table B-3: Continued
T12.001 Diesel Initial -25.3 0.001 -26.4 0.003
T12.011 Diesel 1 Week -23.5 0.004 -25.0 0.0002
T12.021 Diesel 2 Weeks -24.8 0.008 -24.5 0.002
T12.031 Diesel 3 Weeks -24.7 0.004 -23.2 0.005
T12.041 Diesel 4 Weeks -23.6 0.003 -24.8 0.003
T12.051 Diesel 5 Weeks n/a 0.002 -25.3 0.005
Mean -24.4 0.004 -24.9 0.003
Standard Deviation 0.8 0.002 1.0 0.002
* Extreme outliers are printed in bold.



Table B-4: Concentrations and 813C of perylene from the biodegradation
experiment samples._______________________________________
Sample# Sample I.D. Perylene 

813C-PDB ( % o)

Perylene 
Cone, (pg/g)

T01.001 North Slope Initial -27.4 0.06
T01.011 North Slope 1 Week -29.2 0.02
T01.021 North Slope 2 Weeks -28.8 0.005
T01.031 North Slope 3 Weeks -28.1 0.007
T01.041 North Slope 4 Weeks -28.0 0.003
T01.051 North Slope 5 Weeks -28.6 0.04
Mean -28.3 0.02
Standard Deviation 0.6 0.02
T02.001 North Slope Initial -28.9 0.02
T02.011 North Slope 1 Week -27.6 0.01
T02.021 North Slope 2 Weeks -27.0 0.004
T02.031 North Slope 3 Weeks -29.9 0.03
T02.041 North Slope 4 Weeks -27.6 0.07
T02.051 North Slope 5 Weeks -29.7 0.03
Mean -28.5 0.03
Standard Deviation 1.2 0.02
T03.001 North Slope Initial -29.5 0.04
T03.011 North Slope 1 Week -29.6 0.03
T03.021 North Slope 2 Weeks -28.3 0.009
T03.031 North Slope 3 Weeks -29.6 0.006
T03.041 North Slope 4 Weeks -29.8 0.003
T03.051 North Slope 5 Weeks -28.5 0 . 2

Mean -29.2 0.05
Standard Deviation 0.6 0.08
T04.001 Diesel Initial -28.5 0.01
T04.011 Diesel 1 Week -28.5 0.05
T04.021 Diesel 2 Weeks n/a n/a
T04.031 Diesel 3 Weeks n/a n/a
T04.041 Diesel 4 Weeks -21.6 0.04
T04.051 Diesel 5 Weeks -29.5 0.04

'O
o



Table B-4: Continued
Mean -27.0 0.04
Standard Deviation 3.6 0.01
T05.001 Diesel Initial -27.9 0.04
T05.011 Diesel 1 Week -27.9 0.05
T05.021 Diesel 2 Weeks -29.4 0.04
T05.031a Diesel 3 Weeks -30.7 0.02
T05.031b -31.1 0.03
T05.031C -31.2 0.04
T05.041 Diesel 4 Weeks -27.6 0.03
T05.051 Diesel 5 Weeks -30.4 0.01
Mean -29.5 0.03
Standard Deviation 1.5 0.01
T06.001 Diesel Initial -27.5 0.02
T06.011 Diesel 1 Week -27.8 0.04
T06.021 Diesel 2 Weeks -26.5 0.03
T06.031 Diesel 3 Weeks -29.1 0.06
T06.041a Diesel 4 Weeks -26.8 0.03
T06.041b -29.6 0.05
T06.051a Diesel 5 Weeks -28.9 0.05
T06.051b -27.3 0.05
Mean -27.9 0.04
Standard Deviation 1.1 0.01
T07.001 North Slope Initial -29.6 0.02
T07.011 North Slope 1 Week -28.8 0.004
T07.021 North Slope 2 Weeks -27.4 0.006
T07.031 North Slope 3 Weeks -26.9 0.03
T07.041a North Slope 4 Weeks -29.4 0.04
T07.041b -26.5 0.04
T07.041C -28.0 0.05
T07.051 North Slope 5 Weeks -28.3 0.03
Mean
Standard Deviation

-28.1
1.2

0.03
0.02



Table B-4: Continued
T08.001 North Slope Initial -29.2 0.02
T08.011 North Slope 1 Week -30.6 0.005
T08.021 North Slope 2 Weeks -29.1 0.01
T08.031 North Slope 3 Weeks -30.1 0.10
T08.041 North Slope 4 Weeks -29.4 0.005
T08.051 North Slope 5 Weeks_______-30.3______________0.3
Mean -29.8 0.08
Standard Deviation 0.6______________ 0.1
T09.001 North Slope Initial -26.9 0.04
T09.011 North Slope 1 Week -27.8 0.1
T09.021 North Slope 2 Weeks -29.2 0.02
T09.031 North Slope 3 Weeks -30.4 0.02
T09.041 -29.4 0.03
T09.051 North Slope 5 Weeks_______ -29.8_____________ 0.09
Mean -28.9 0.05
Standard Deviation 1.3 0.04
T10.001 Diesel Initial -27.0 0.04
T10.011a Diesel 1 Week -28.3 0.01
T10.011b -27.2 0.01
T10.021 Diesel 2 Weeks -28.5 0.03
T10.031 Diesel 3 Weeks -29.2 0.06
T10.041 Diesel 4 Weeks -27.8 0.05
T10.051 Diesel 5 Weeks___________ -28.5_____________ 0.08
Mean -28.1 0.04
Standard Deviation___________________0_8______________ 0.02
T11.001 Diesel Initial -28.6 0.03
T11.011 Diesel 1 Week -28.8 0.003
T11.021 Diesel 2 Weeks -29.3 0.05
T11.031 Diesel 3 Weeks -27.8 0.01
T11.041 Diesel 4 Weeks -27.8 0.03
T11.051 Diesel 5 Weeks -28.2 0.06
Mean -28.4 0.03
Standard Deviation 0.6 0.02

to



Table B-4: Continued
T12.001 Diesel Initial -26.7 0.02
T12.011 Diesel 1 Week -28.5 0.003
T12.021 Diesel 2 Weeks -28.9 0.05
T12.031 Diesel 3 Weeks -28.1 0.03
T12.041 Diesel 4 Weeks -26.7 0.03
T12.051 Diesel 5 Weeks -27.0 0.05
Mean -27.6 0.03
Standard Deviation 1.0 0.02
* Extreme outliers are printed in bold.
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Table B-5a: Mean values, intitial time data.
PAH North Slope (no clams) 

513C-PDB ( % o)

North Slope (no clams) 
Cone, (pg/g)

Diesel (no clams) 
813C-PDB ( % o)

Diesel (no clams) 
Cone, (pg/g)

1-ethylnapthalene -26.33 0.173 -26.47 0.158
acenaphthene - d10 -23.33 n/a -22.50 n/a
fluorene -21.33 0.004 -21.53 0.009
phenanthrene -22.87 0.015 -23.07 0.014
fluoranthene -22.95 0.006 -22.01 0.011
chrysene -24.67 0.005 -21.63 0.004
benzo [b] fluoranthene -23.81 n/a -23.27 n/a
perylene -28.60 0.036 -27.97 0.026

Table B-5b: Mean values, intitial time data.
PAH North Slope (clams) 

S13C-PDB ( % o )

North Slope (clams) 
Cone, (pg/g)

Diesel (clams) 
513C-PDB (%„)

Diesel (clams) 
Cone, (pg/g)

1-ethylnapthalene -26.43 0.152 -26.58 0.175
acenaphthene - d10 -23.50 n/a -23.71 n/a
fluorene -23.50 0.001 -23.23 0.002
phenanthrene -22.90 0.006 -21.85 0.007
fluoranthene -22.20 0.004 -22.75 0.004
chrysene -22.10 0.009 -24.24 0.007
benzo [b] fluoranthene -24.70 n/a -24.19 n/a
perylene -28.57 0.027 -27.44 0.031
* Bold numbers do not represent a mean, but a single value from the data set.



Table B-6a: Mean values, 1 week time data.
PAH North Slope (no clams) 

813C-PDB ( % o)

North Slope (no clams) 
Cone, (pg/g)

Diesel (no clams) 
813C-PDB ( % o)

Diesel (no clams) 
Cone, (pg/g)

1-ethylnapthalene -27.03 0.179 -26.00 0.166
acenaphthene - d10 -23.53 n/a -22.83 n/a
fluorene -21.57 0.004 -21.93 0.006
phenanthrene -23.53 0.016 -21.17 0.010
fluoranthene -23.63 0.014 -21.83 0.008
chrysene -25.01 0.002 -22.60 0.004
benzo [b] fluoranthene -24.10 n/a -22.93 n/a
perylene -28.80 0.022 -28.07 0.045

Table B-6b: Mean values, 1 week time data.
PAH North Slope (clams) 

813C-PDB ( % o)

North Slope (clams) 
Cone, (pg/g)

Diesel (clams) 
813C-PDB ( % o)

Diesel (clams) 
Cone, (pg/g)

1-ethylnapthalene -26.80 0.128 -26.70 0.133
acenaphthene - d10 -22.73 n/a -22.95 n/a
fluorene -23.13 0.001 -22.73 0.008
phenanthrene -24.20 0.008 -23.18 0.018
fluoranthene -22.90 0.005 -22.79 0.012
chrysene -22.50 0.003 -23.41 0.001
benzo [b] fluoranthene -24.57 n/a -24.70 n/a
perylene -29.06 0.040 -28.34 0.007



Table B-7a: Mean values, 2 week time data.
PAH North Slope (no clams) 

813C-PDB ( % o)

North Slope (no clams) 
Cone, (pg/g)

Diesel (no clams) 
813C-PDB ( % o)

Diesel (no clams) 
Cone, (pg/g)

1-ethylnapthalene -27.15 0.140 -26.14 0.206
acenaphthene - d10 -23.44 n/a -23.45 n/a
fluorene -23.37 0.003 -21.92 0.011
phenanthrene -22.63 0.027 -23.60 0.023
fluoranthene -23.81 0.015 -23.52 0.022
chrysene -26.03 0.006 -22.52 0.005
benzo [b] fluoranthene -23.26 n/a -25.51 n/a
perylene -28.04 0.006 -27.92 0.034

Table B-7b: Mean values, 2 week time data.
PAH North Slope (clams) 

513C-PDB ( % o)

North Slope (clams) 
Cone, (pg/g)

Diesel (clams) 
813C-PDB ( % o)

Diesel (clams) 
Cone, (pg/g)

1-ethylnapthalene -26.78 0.210 -27.00 0.231
acenaphthene - d10 -23.46 n/a -24.39 n/a
fluorene -24.81 0.003 -23.61 0.009
phenanthrene -24.17 0.014 -25.15 0.012
fluoranthene -22.93 0.019 -23.46 0.009
chrysene -23.82 0.004 -23.95 0.004
benzo [b] fluoranthene -23.98 n/a -24.31 n/a
perylene -28.56 0.013 -28.91 0.041



Table B-8a: Mean values, 3 week time data.
PAH North Slope (no clams)

813C-PDB ( % o)

North Slope (no clams) 
Cone, (pg/g)

Diesel (no clams) 
813C-PDB ( % o)

Diesel (no clams) 
Cone, (pg/g)

1-ethylnapthalene -26.37 0.154 -26.31 0.268
acenaphthene - d10 -22.37 n/a -22.49 n/a
fluorene -22.07 0.003 -23.33 0.003
phenanthrene -23.47 0.015 -21.31 0.007
fluoranthene -22.83 0.017 -22.26 0.010
chrysene -23.47 0.001 -21.95 0.003
benzo [b] fluoranthene -23.70 n/a -24.10 n/a
perylene -29.20 0.015 -30.04 0.045
* Bold numbers do not represent a mean, but a single value from the data set.

Table B-8b: Mean values, 3 week time data.
PAH North Slope (clams)

813C-PDB ( % o)

North Slope (clams) 
Cone, (pg/g)

Diesel (clams) 
813C-PDB ( % o)

Diesel (clams) 
Cone, (pg/g)

1-ethylnapthalene -27.44 0.220 -26.37 0.196
acenaphthene - d10 -24.48 n/a -23.31 n/a
fluorene -25.19 0.002 -23.02 0.007
phenanthrene -23.74 0.008 -24.21 0.027
fluoranthene -23.33 0.008 -24.15 0.008
chrysene -24.00 0.014 -23.25 0.003
benzo [b] fluoranthene -23.87 n/a -24.73 n/a
perylene -29.12 0.046 -28.38 0.034
* Bold numbers do not represent a mean, but a single value from the data set.



Table B-9a: Mean values, 4 week time data.
PAH North Slope (no clams) 

813C-PDB ( % o )

North Slope (no clams) 
Cone, (pg/g)

Diesel (no clams) 
813C-PDB ( % o )

Diesel (no clams) 
Cone, (pg/g)

1-ethylnapthalene -26.03 0.167 -25.68 0.161
acenaphthene - d10 -22.87 n/a -22.35 n/a
fluorene -22.71 0.001 -21.56 0.005
phenanthrene -23.50 0.007 -22.11 0.013
fluoranthene -22.66 0.006 -21.80 0.008
chrysene -23.60 0.003 -21.82 0.012
benzo [b] fluoranthene -24.50 n/a -23.94 n/a
perylene -28.47 0.024 -25.80 0.038

Table B-9b: Mean values, 4 week time data.
PAH North Slope (clams) 

813C-PDB (%»)
North Slope (clams) 

Cone, (pg/g)
Diesel (clams) 
813C-PDB (%o)

Diesel (clams) 
Cone, (pg/g)

1-ethylnapthalene -27.03 0.149 -25.45 0.098
acenaphthene - d10 -22.91 n/a -22.53 n/a
fluorene -23.63 0.003 -21.96 0.004
phenanthrene -22.70 0.017 -22.25 0.011
fluoranthene -22.91 0.023 -22.95 0.003
chrysene -23.37 0.003 -23.03 0.005
benzo [b] fluoranthene -24.44 n/a -23.00 n/a
perylene -28.92 0.025 -27.43 0.033



Table B-10a: Mean values, 5 week time data.
PAH North Slope (no clams) 

813C-PDB ( % o)

North Slope (no clams) 
Cone, (pg/g)

Diesel (no clams) 
813C-PDB ( % o)

Diesel (no clams) 
Cone, (pg/g)

1-ethylnapthalene -26.64 0.168 -26.10 0.178
acenaphthene - d10 -23.49 n/a -22.55 n/a
fluorene -21.50 0.001 -21.60 0.003
phenanthrene -22.92 0.009 -23.33 0.014
fluoranthene -22.73 0.011 -22.49 0.013
chrysene -24.34 0.005 -21.62 0.004
benzo [b] fluoranthene -23.52 n/a -24.35 n/a
perylene -28.93 0.094 -29.33 0.034

Table B-10b: Mean values, 5 week time data.
PAH North Slope (clams) 

813C-PDB ( % o)

North Slope (clams) 
Cone, (pg/g)

Diesel (clams) 
813C-PDB ( % o)

Diesel (clams) 
Cone, (pg/g)

1-ethylnapthalene -26.15 0.204 -25.35 0.190
acenaphthene - d10 -23.55 n/a -22.71 n/a
fluorene -21.37 0.003 -22.83 0.010
phenanthrene -24.09 0.015 -23.15 0.016
fluoranthene -23.37 0.021 -20.55 0.007
chrysene -22.90 0.016 -23.67 0.012
benzo [b] fluoranthene -24.17 n/a -23.35 n/a
perylene -29.47 0.151 -27.90 0.061


