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Studv  History: This study began with the collection of mussels  and sediments for petroleum 
hydrocarbon analyses at stations established  in 1977-1980 along the  tanker  route in Prince 
William Sound, Alaska. Funded in 1989 under Coastal Habitat Study lB, it continued in 1990 
and 1991  under  that designation. Part of this work represents a comparison of petroleum 
hydrocarbons in sediments and  mussels at historically established sites, the benchmark is the 
publication, Karinen, J. F., M. M. Babcock,  D. W. Brown, W. D. MacLeod,  Jr., L. S. Ramos, and 
J. W. Short.  1993.  Hydrocarbons in intertidal sediments and mussels from Prince William Sound, 
Alaska, 1977-1980: Characterization and probable sources. U.S. Dep. Comer . ,  NOAA Tech. 
Memo.  NMFS-AFSC-9,69 p. A manuscript  summarizing the results of this study has been 
submitted to  the Exxon Valdez Oil  Spill  Symposium Proceedings; Short, J.W. and M.B. Babcock, 
Prespill and postspill concentrations of hydrocarbons in sediments and mussels in Prince William 
Sound, Alaska. 

Abstract: Beaches in Prince William  Sound were generally free of petroleum hydrocarbon 
contamination before the T N  Exxon Vuldez oil  spill.  We compared hydrocarbon concentrations 
in mussels (Mytilus trossulus) and sediments from beaches before and after oil contaminated 
beaches in the  Sound and the Gulf of Alaska. Mussels and sediments collected outside  the path 
of floating oil or before  it became beached, indicated that  other  sources of hydrocarbons  were 
negligible compared with the spilled  oil.  Mussel concentrations  were near detection limits or were 
mainly naphthalenes, with total polynuclear aromatic hydrocarbons <SO0 ng/g. Mussel 
contamination was highest  immediately  postspill, then declined. The highest  polynuclear aromatic 
hydrocarbon concentrations  were at Green Island  in  April 1989- >200,000 ng/g. In sediments 
from stations away  from the spilled  oil,  polynuclear aromatic hydrocarbons were usually less than 
100 ng/g.  Oiled sediments showed a trend similar to the mussels; impacted sediments showing 
derivation from  this oil were <1,000 ng/g. Results  for  stations not impacted by the Spill  can be 
used to determine quantitative  restoration criteria for oiled beaches. Oiled beaches should be 
considered  restored when polynuclear aromatic hydrocarbon concentrations in sediments are 
4 0 0  ng/g and  mussels less than 200-400 ndg. 
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EXECUTIVE SUMMARY 

We compared hydrocarbon concentrations in samples of lower-intertidal sediments and of 
mussels from  Prince William  Sound collected before and after oil  spilled from the T N  &on 
Vuldez contaminated beaches in the Sound, to determine the changes in hydrocarbon 
contamination of  these matrices caused by the spilled oil. Of the 13 stations, 6 were established in 
1977 by Karinen et al. (1993), 7 were sampled  in  March 1989 before Exxon Vuldez oil  became 
beached in PWS, and 5 were  outside  the path of  the spilled  oil through the  Sound.  Results from 
the PWS  stations  were also compared with 12 stations sampled from the  northern Gulf of Alaska 
after beaches were contaminated by the spilled oil. Samples were collected from the 25 total 
stations of this study beginning March 1989 through May 1991. Comparison of petroleum 
hydrocarbon concentrations at stations (1) inside and outside  the path followed by the spilled  oil 
through the Sound, and (2) before and after landfall of the spilled  oil are used to evaluate the 
significance of petroleum hydrocarbon contaminants found at stations within the spill path after 
the Spill, to establish restoration criteria for impacted beaches, and to determine natural recovery 
rates  for  these beaches. 

Sediments and mussels were analyzed  with selected ion  mode gas chromatography/mass 
spectrometry  for the most abundant 2- to 5-ring polynuclear aromatic hydrocarbons in the spilled 
oil, and with gas chromatography/flame ionization detection for alkane hydrocarbons, including 
pristane, phytane, and normal alkanes of 10 to 34 carbon atoms. 

Our results show  that contamination of mussels by the spilled  oil was highest during the 
first few weeks after the Spill, followed by a consistent decline during the remainder of 1989 and 
later.  Concentrations of contaminating hydrocarbons derived from the spilled  oil were highest and 
most persistent in mussels on or near heavily-oiled beaches. The highest polynuclear aromatic 
hydrocarbons concentrations  were observed at Green Island in April 1989 where the  total 
concentration exceeded 200,000 ng/g on a dry weight basis. However, these concentrations 
declined by about a factor of 10 by 1990 and again by 1991. 

Results from mussels collected from stations outside the path traversed by the spilled  oil, 
or from stations sampled before oil became beached, indicate that  other aromatic hydrocarbon 
sources  were almost negligible  compared  with the spilled oil. Background sources included  diesel 
oil and an unknown source  for naphthalenes found in mussels collected in March 1989.  Total 
PAH  concentrations  due to these  other  sources combined were usually less than 500 ng/g,  which 
indicates that  seawater in the spill-affected area was generally free of anthropogenic hydrocarbon 
pollution. Contamination of mussels by aromatic hydrocarbons derived from natural sources such 
as marine oil seeps  was not detected.  However, concentrations of the alkane hydrocarbon 
pristane were substantially higher in mussels collected during spring compared  with those 
collected during other seasons, which confirms previous observations of seasonal variability of 
this alkane in Prince William  Sound mussels. 
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Results from sediments show contamination of lower intertidal sediments was slight  even 
at stations  where upper intertidal sediments were heavily oiled. Contamination of lower intertidal 
sediments by polynuclear aromatic hydrocarbons derived from the spilled  oil  was less than 1,000 
ng/g even when concentrations  found in adjacent upper intertidal sediments were higher by factors 
exceeding ten. As with mussels, concentrations derived from the spilled oil in lower intertidal 
sediments consistently declined  (and were  detected less frequently) during  the  years succeeding 
the Spill. 

Polynuclear aromatic hydrocarbons in lower-intertidal sediments derived from other 
anthropogenic or natural sources  were usually near detection limits, except at stations near 
Hinchinbrook Entrance. At stations not affected by the spilled  oil, concentrations in lower 
intertidal sediments were usually less than 100 ng/g. However, near Hinchinbrook Entrance at 
Constantine  Harbor and at Rocky Bay, concentrations  of  lower intertidal sediments ranged from 
about 300 to 600 ng/g,  and  varied less than *IS% during the  three years of this study.  The 
relative concentrations  of polynuclear aromatic hydrocarbons found at these  stations  were not 
consistent with those  of  the spilled oil, and are  attributed to a geologic  source  external to Prince 
William Sound. 

Results  from  this study for stations  that  were not impacted by the oil  spill  may  be  used to 
determine  quantitative  restoration criteria for beaches that were oiled by the Spill.  Specifically, 
oiled beaches should be considered as fully restored when the dry weight total polynuclear 
aromatic  hydrocarbon  concentration  of (1) intertidal sediments is less than 100 ng/g, and (2) 
mussels is less  than  about 200 to 400 ng/g, with the higher mussel concentrations  due mainly to 
naphthalenes. 
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INTRODUCTION 

The &on Valdez oil  spill (EVOS) of  March 24, 1989 provided a unique opportunity to 
assess the impacts of spilled crude oil on a subarctic intertidal ecosystem. A rigorous baseline 
hydrocarbon monitoring study had been conducted that demonstrated the general absence of 
substantial petroleum hydrocarbons prior to this Spill. As a result, it is possible to compare 
hydrocarbon contamination concentrations found in intertidal sediments and mussels before and 
afier the Spill. The impacts of  the spilled oil on  these sediments and mussels are therefore 
uniquely definitive- unique, because no other major marine  oil  spill has occurred in a  largely 
pristine environment where prior hydrocarbon contaminant concentrations had been established, 
and definitive, because  the impacts of the Spill on intertidal sediments and mussels are generally 
not obscured by other hydrocarbon sources. 

When shipment ofNorth Slope crude oil through Prince William  Sound (PWS) began 
following the opening of the Alaska  pipeline and Valdez tanker terminal in 1977, our Laboratory 
conducted a survey of selected hydrocarbons in the Sound for comparison with future evidence of 
hydrocarbon contamination associated with  oil transport (Karinen et al., 1993). Samples of 
intertidal sediments and of mussels (Mytilus trossulus) were collected two to three times annually, 
1977  through 1979, and once in 1980  at eight  sampling stations in PWS.  These  were analyzed for 
alkanes and mainly unsubstituted polynuclear aromatic hydrocarbons (PAHs). 

After the Spill we resumed  sampling at these stations within two days, and all of the 
stations  were sampled before landfall of any of  the spilled crude oil. Subsequently, 18 additional 
stations  were established and sampled  within the path followed by the spilled oil through  the 
Sound, along the Kenai Peninsula, and on Kodiak Island. Sample collection after the Spill 
involved use of collection methods  that  were identical with those used for  the hydrocarbon 
baseline monitoring study of 1977-1980, and the hydrocarbon analytical methods used had 
comparable accuracy, precision, and detection limits. However, more alkyl-substituted PAHs 
were measured in samples collected after the Spill,  which provides additional corroborating 
evidence for hydrocarbon source identification compared with the more limited range of PAHs 
determined for the 1977-1980 hydrocarbon baseline monitoring study. 

The primary objective of this study was to compare petroleum hydrocarbon concentrations 
in lower intertidal sediments and mussels both geographically and temporally. Comparison  of 
petroleum hydrocarbon concentrations at  stations (1) inside and outside the path followed by the 
spilled  oil through the Sound, and (2) before and after landfall of  the spilled oil may be used to 
evaluate the significance of petroleum hydrocarbon contaminants found at  stations within the spill 
path after the Spill, to establish restoration criteria for impacted beaches, and to determine natural 
recovery rates  for  these beaches. 
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Studv Area 

PWS 

Mussels and sediments were collected from 13  stations in  PWS  beginning March 26, 1989 
through May  2, 1991  (Fig. 1, Table 1). Ofthe 13 stations, 6 were established in 1977 by Karinen 
et al. (1993) and denoted in this study as reference stations, 7 were sampled in March  1989 before 
&on VaZakz oil (EVO) became beached in PWS,  and 5 were  outside  the path of  the spilled  oil 
through PWS. These  13  stations  were sampled two  to five times in 1989 during the period March 
through  August. Twelve of  the  stations  were each sampled  in  April, June, and August of 1990, 
and  in  April or May 1991,  The Green Island station  was not sampled during these times. 

Gulf of Alaska 

Mussels and sediments were collected from 12 stations in the Gulf of Alaska  beginning 
April 9, 1989  through  June 24, 1990  (Fig. 2, Table 1).  Of  the 12 stations, 4 were on the Kenai 
Peninsula and 8 were on or near Kodiak Island. These 12 stations  were sampled one to three 
times in 1989, and three  of  the  stations on the Kenai Peninsula were sampled twice in 1990. 

METHODS 

Sample Collection 

Sample collection methods were identical with  those of Karinen et  al.  (1993). Sediment 
collection transect lines (30 m) were located parallel to the  water line from the  -0.75 m to +0.75 
m tide levels. Sediment cores  were collected using a dichloromethane-rinsed, hydrocarbon-free 
stainless steel cookie  cutter. At each station, triplicate samples of sediment were collected by 
pooling 10 cores (diameter 3.2 cm x depth  1.25 cm) taken along the 30 m transect  into each 
sample container. At the Elrington Island station, triplicate sediment samples were also collected 
from a visibly-oiled area in the upper intertidal in May 1989  for comparison with the lower 
intertidal sediments there. 

Mussel collection transects  were located in mussel bands parallel to the  water line,  and 
usually just  above  the sediment transects  (ca. +1 m tide level). Mussel  samples were collected in 
triplicate by collecting 30 mussels each along the 30 m transect.  Composite sediment  and  mussels 
were placed in dichloromethane-rinsed, hydrocarbon-free glass jars, temporarily stored with  ice 
packs, and frozen within  2-3 h of collection. 
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Figure 1 .--Station  locations in PWS, Alaska, where  mussels and sediments  were sampled for this 
study. Station  numbers  correspond to the  station  numbers in Table 1 and in the hydrocarbon data 
tables in Appendix 11. Arrows indicate the direction of prevailing oceanic  currents  through  the 
Sound (Galt  et  al.  1991). Shaded area  indicates the path of surface oil through  the  Sound. 
indicates stations  established in 1977 described by Karinen et al. (1993). 
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Table 1.--Station locations, station numbers,  and latitude and longitude where mussel  and sediments samples were collected  from PWS 
and the Gulf of Alaska for this study. Station numbers correspond with those of Figures 1 and 2 in the  text, and  with those in Appendix 
11. Italicized station names indicate stations established in 1977 as described by Karinen et al. (1993). The symbol "x" indicates 
collection of both  sediment  and  mussel  samples at the indicated station and date; the symbols 'Is" and  "m"  respectively  indicate 
collection of sediment or mussels only. 
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Figure 2.--Station  locations in the Gulf of Alaska where  mussels and sediments were sampled for 
this study.  Station numbers correspond with station  numbers in Table 1 and in the hydrocarbon 
data  tables in Appendix 11. Arrow indicates the direction of prevailing oceanic currents in the 
northern gulf (Galt et al. 1991). Shaded areas  indicates the path of surface oil in the  northern 
gulf 
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Sample Labeling and  Chain of  Custody 

Sample  labels  included site name, type of sample, date  of sampling,  and unique identifying 
number. The  record  of  each person who had custody of samples, the  date, time,  and location of 
custodial transfer; and signatures of transferring parties are on file at the Auke Bay Laboratory 
Shipping containers  were  crosswrapped with custody  tape signed  and dated by the person 
shipping the  containers. 

Dry Weight Determination 

Ratios  of sample wet and  dry weights were measured by dehydrating ca. 1 g of 
homogenized sample for  24 h at 60°C and  weighing the mass  remaining. 

Chemical  Analysis 

Mussels and sediments were prepared and  analyzed following procedures presented in 
detail by Larsen et al. (1992) and Short et al. (in press). Briefly, ca. 10 g (wet weight) 
homogenized mussel tissue, or 10-20 g wet sediment, was added to 70 g anhydrous sodium 
sulfate for dehydration, and  spiked  with 500 pL hexane solution containing five alkane and  six 
aromatic  deuterated  surrogate hydrocarbon standards (listed in Table 1-1, Appendix I). 

Hydrocarbons  were  extracted from  mussels by maceration with dichloromethane. The 
mixture of  homogenate, sodium sulfate, and surrogate  standards  was macerated mechanically for 
1 min with each  of  three successive 50 mL aliquots  of dichloromethane, with the dichloromethane 
separated by filtration through an additional 10 g sodium sulfate on a combusted glass fiber filter 
after each maceration. The filters and filtered solids were macerated together  after  the first 
filtration. The combined dichloromethane extracts  were reduced in volume over steam and 
exchanged with hexane to a final  volume of  ca. 1 mL. 

Hydrocarbons  were  extracted from sediments by prolonged room temperature  agitation 
with dichloromethane following a procedure developed by Brown et al.  (1980).  The mixture of 
sediment, sodium sulfate, and surrogate  standards was agitated mechanically for  three successive 
periods  of 16 h, 6 h, and 16 h with each  of  three successive 100 mL aliquot of dichloromethane, 
with the dichloromethane separated by filtration after each agitation  period.  The combined 
dichloromethane extracts  (ca. 300 mL) were reduced in volume over  steam and  exchanged  with 
hexane to a final volume of  ca. 1 mL.  

Extracted alkane and aromatic hydrocarbons were  separated by silica  gel-alumina  column 
chromatography. The chromatographic columns consisted of 20 g silica  gel (deactivated with 5% 
water)  above 10 g alumina  in a 20 mm i.d. glass column filled with  pentane.  The alkane 
hydrocarbons eluted with 50 mL pentane, followed by the aromatic hydrocarbons that eluted with 
250 mL 1: 1 pentane:dichloromethane (by volume). The pentane solutions containing the alkane 
hydrocarbons  from the samples were  each reduced in volume over steam and exchanged with 
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hexane to a  final  volume of ca. 1 mL spiked with 50 pL  hexane internal standard containing 42 
ng/pL dodecylcyclohexane @CH) for estimating recoveries of the  deuterated alkane hydrocarbon 
surrogate  standards  added initially, and stored  for analysis by gas chromatography. The 
pentane:dichloromethane solutions containing the aromatic hydrocarbons were reduced in  volume 
over  steam to a  final  volume of ca.  0.5 mL, and stored  for further purification before analysis by 
gas’chromatography/mass spectrometry (GUMS). 

Aromatic hydrocarbons from the sample extracts  were further purified by gel-permeation 
high performance liquid chromatography. The injection volume was 0.5 mL into dichloromethane 
flowing at 7  mL/min through 2  size-exclusion gel columns (Phenomenex, phenogel, 22.5 mm  x 
250 mm, 100 8, pore size) connected sequentially. The initial 110 mL elute  was discarded, and 
the following 53 mL was concentrated over steam and exchanged with hexane to a  final  volume 
of ca. 1 mL, then spiked with 25 pL  hexane containing 80 ng/pL hexamethylbenzene (HMl3) as 
an internal standard for estimating recoveries of the deuterated aromatic hydrocarbon surrogate 
standards added initially. 

Polynuclear Aromatic Hydrocarbon  Analysis 

Instrumental Method - PAHs in samples and in standards  were  separated and analyzed 
using a Hewlett  Packard  5890 series I1 gas chromatograph equipped with a 5970B mass selective 
detector (MSD)’. The injection volume was 2 pL into a  split less injection port at  300°C. The 
initial oven  temperature  was 60°C, increasing at 10°C per min  immediately following injection to 
a final temperature of  300°C which was maintained for 25 min. The chromatographic column 
was a 25 m fused silica  capillary (0.20 mm id.)  coated with a 0.33 pm thick film of 5% phenyl 
methyl silicone. The helium carrier gas  was maintained at 70 kPa  inlet pressure. 

The  chromatographic column eluted into  the  70 kV electron impact MSD through a 
300°C transfer line. The ionizer temperature and pressure were 240°C and 10.’ torr, respectively. 
The mass detector  was  operated in the selected ion monitoring (SIM) mode.  The specific ions 
and retention time windows were chosen to detect all the calibrated aromatic hydrocarbons, the 
surrogate standards, and the  200 most prominent peaks found on the total ion  chromatogram of 
an aliquot of crude oil from the hold of  the  T/V Emon Vulder analyzed as a  sample, with the 
MSD  operating in the scan mode.  The MSD was tuned using mass 69, 102, and 512 fragments of 
perfluorotributylamine prior to each batch of samples analyzed. 

PAH Identification - Calibrated PAHs were identified on the basis of retention time and 
ratio of  two mass fragment ions characteristic of each hydrocarbon. Calibrated PAHs are listed in 
Table 1-2,  Appendix I, and include dibenzothiophene and the aromatic hydrocarbons in Standard 
Reference Material (SRM) 1491 supplied by the National Institute of Standards and Technology 
(NIST). Also listed in Table 1-2 are  the mass of the quantification ion, the mass of the 

‘Reference to  trade name does not indicate endorsement by  NOAA, National Marine Fisheries 
Service. 
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confirmation ion, and the mean ratio of these two ions in the calibration standards. 
Chromatographic peaks  were identified as a calibrated aromatic hydrocarbon if both ions were 
codetected  at retention times within *O. 15 min of the mean retention time of the hydrocarbon in 
the calibration standards, and  if the ratio of the confirmation ion to the quantification ion  was 
within *30% of  the expected ratio. 

Uncalibrated aromatic hydrocarbons include the alkyl-substituted isomers of naphthalene, 
fluorene, dibenzothiophene, phenanthrene, fluoranthene, and chrysene listed in Table 1-3, 
Appendix I. Uncalibrated aromatic hydrocarbons were identified by the presence, within a 
relatively wide retention time window, of a single  mass fragment ion that is characteristic of the 
uncalibrated aromatic hydrocarbon sought. Table 1-3 lists the mass of the fragment ions used for 
both identification and measurement, and the retention time windows used. Note that the 
retention time windows  for uncalibrated aromatic hydrocarbons are much wider than  those  for 
calibrated aromatic hydrocarbons. Mass fragments of uncalibrated aromatic hydrocarbons that 
eluted outside the windows  listed in Table 1-3 would not have been detected. 

Measurement of PAHs - Concentrations of calibrated PAHs in the sample extracts  were 
estimated using a multiple internal standard method  employing a 5-point calibration curve  for each 
calibrated aromatic hydrocarbon. The  deuterated  surrogate standards that  were initially spiked 
into each sample are treated as internal standards; each  surrogate  compound is associated with 
one or more calibrated PAH (see Tables 1-1 and 1-2, Appendix I). A calibration curve for each 
calibrated PAH and batch of samples analyzed is based on five different hexane dilutions of 
dibenzothiophene and NIST SRM 1491; 1 mL of each dilution contained the same amount of 
deuterated  surrogate standard as  was initially spiked into  the samples. Each calibration curve is 
derived from linear regression of the ratio of MSD/SIM quantification ion response of the 
calibrated PAH and the associated deuterated  surrogate standard as  the ordinate, and the ratio of 
the  amount of calibrated PAH and the amount of deuterated surrogate in 1 mL of each of five 
calibration standards as the abscissa. The highest calibration standard is 25 times more 
concentrated  than the lowest standard. PAH concentrations in the lowest standard correspond 
with PAH concentrations in a 10 g sample of mussel tissue or sediment ranging from 3.6 to 8.3 
pglg (or 3 to 22 times the PAH concentrations that would have resulted from samples containing 
PAHs at  the method detection limits (MDLs), see below). 

The amount of a calibrated PAH in the dichloromethane extract of a sample was 
calculated as  the product of the inverse of the calibration curve regression line slope, the ratio of 
MSD/SIM quantification ion response to the calibrated PAH and the associated deuterated 
surrogate  standard  for  the sample extract, and the amount of the  deuterated  surrogate standard 
associated with  the PAH. The concentration of a calibrated PAH in the sample was calculated as 
the ratio of  the amount of the hydrocarbon in the dichloromethane extract and the measured wet 
weight of the homogenate aliquot analyzed (about 10 8).  Note that this procedure compensates 
for losses of calibrated PAHs during sample preparation. 
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Concentrations of uncalibrated PAHs in the samples were determined using calibration 
curves and procedures  for the most  similar calibrated PAH. The MSD/SM response to the 
quantification ion of each uncalibrated PAH identified with like molecular mass were summed; 
this sum was used in place of the most  similar calibrated PAH response in the  procedure described 
above for calculating concentrations of calibrated PAHs. For example, the fluorene calibration 
curve and procedure  was used for all the alkyl-substituted fluorenes identified, but the 1- 
methylphenanthrene calibration curve and procedure was used for all the alkyl-substituted 
phenanthrenes. 

Detection Limits - MDLs were estimated for each calibrated PAH analyte following the 
procedure described in  Appendix B, Chapter 40 Code of Federal Regulations, Part 136. These 
estimates of detection limit concentrations are indicated for each calibrated PAH analyte in 
sediment and in  mussel tissue in Table 1-5, Appendix I. Detection limits for each sample were 
determined as  the ratio of  the experimentally estimated MDL expressed as a mass, and the sample 
dry weight. 

MDLs  for uncalibrated PAHs were not experimentally determined. Consequently, 
detection limits for  these analytes are arbitrarily assumed as  the MDL of  the most closely related 
calibrated PAH analyte. 

Ouality Assurance - Samples were analyzed  in batches consisting of 12 samples, which 
together with 5 calibration curve standards, and 6 quality control samples arranged in a specific 
sequence, are denoted  as strings. Replicated samples were analyzed  in different strings. The 6 
quality control samples included 2 mid-level calibration standards, 2 reference samples, and 2 
method blanks, one  of which was spiked with hydrocarbon standards (denoted as spiked blank). 
One each of  the mid-level calibration standards and of the reference samples, and the method 
blank were analyzed in the middle of each string, and the remaining three quality control samples 
were analyzed at  the end of each string. 

The mid-level calibration standards were analyzed to assess calibration accuracy and to 
verify instrument stability during analysis of the string; the results are summarized in Table 111-1, 
Appendix 111. Note that  this assessment of accuracy is directly related to  NIST standards  for all 
calibrated PAHs except dibenzothiophene. 

Reference samples for mussels were prepared as 10 g aliquot of NIST SRM 1974 enriched 
with a solution of selected PAH analytes prepared by NIST (denoted  as QC-TEST-1) to tissue 
concentrations ranging from 19 to 205 ng PAWg, and were analyzed to assess analytical precision 
within and among strings for  the selected PAH analytes. The results of  the mussel reference 
sample analyses are summarized in Table 111-2, Appendix 111. The sediment reference samples 
were 1 g aliquot of a material prepared by MST (denoted as  QC-SED-I), and were analyzed to 
assess analytical precision within and among strings for calibrated PAH analytes. The results of 
the sediment reference sample analyses are summarized in Table 111-3, Appendix 111. 



Method blanks were analyzed to assess contaminants introduced during processing and 
analysis. Mussel tissue or sediments and  method  blank  samples were processed and  analyzed 
identically, except the method  blanks contained no matrix material. Also,  method blanks spiked 
with an amount  of  NIST SRM 1491 and dibenzothiophene equivalent to amounts  that would be 
present from sample concentrations  of 50 to 100 ng PAWg,  were analyzed to assess overall 
method accuracy.  The results of  the spiked  method  blank  sample analyses are summarized in 
Table 111-4, Appendix 111. 

Calibration curve linearity, expressed. as  the  square  of  the  correlation coefficient of 
regression (r’), was  greater  than 0.99 for  more  than 95% of  the  PAH calibration curves. 
Recoveries  of  the  deuterated  surrogate standards, that  were added to each sample, were estimated 
by comparing the  ratio  of  deuterated  surrogate response and the HMB internal standard  of a 
sample with the mean of the same ratio derived from the calibration standards  of the sample string 
(1 mL of  each calibration standard contains the same amounts  of these standards as was added to 
each sample,  and each sample was  concentrated to about 1 mL for instrumental analysis). PAHs 
that  are associated with deuterated  surrogate standard recoveries  of less than 30%, or more than 
150%, are  treated  as missing, affecting 2.7% of  the mussel PAH  data and 0.4% of  the sediment 
PAH  data. The remaining PAH  data  for these samples are listed in Table 11-9, Appendix 11, and 
these  data  were excluded from further consideration in this report. 

The precision of  the analytical procedure for selected PAH analytes, expressed as  the 
coefficient of variation (CV, Le., the  ratio  of  the standard deviation and the mean of  the calibrated 
PAHs found in the reference samples, expressed as  percent) calculated from the  results  of the 36 
mussel  and 37 sediment strings analyzed, ranged from 13% to 28% for mussels  (median 20%; 
Table 111-2, Appendix 111), and from 5% to 50% for sediments (median 18%; Table 111-3, 
Appendix 111). Mean accuracy, determined as  the  ratio (expressed as  percent)  of  the mean 
amount of calibrated PAH found in the NIST calibration check samples of the 73 mussel  and 
sediment strings analyzed for this study and the amount added, ranged  from 94% to 101% 
(median 9%); corresponding CVs ranged from 2% to 11% (median 4%; Table 111-1, Appendix 
111). Mean accuracy based on the spiked  blank  samples  ranged  from 91% to 117% (median 
101%); corresponding CVs ranged from 5% to 15% (median 9%; Table 111-4, Appendix 111). 

Calibrated PAHs were  detected above respective MDLs only once in the analysis of 25 
calibrated PAHs in each of 73 method blanks. Uncalibrated PAHs were  detected  above estimated 
MDLs 13 times in the analysis of 18 uncalibrated PAHs in each  of  the 73 method blanks. 

Alkane Hydrocarbon Analysis 

Instrumental Metbod - Alkanes  in  samples  and in standards  were  separated and  analyzed 
using a Hewlett  Packard 5890 series I1 gas  chromatograph equipped with a flame ionization 
detector (FID). The injection  volume was 1 pL into a splitless  injection port at 300°C. The 
initial oven temperature  of 60°C was maintained for 1 min then increased at  6°C per min to a final 
temperature of 300°C which was maintained for  26 min. The chromatographic column  was a 25 
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m fused silica  capillary (0.20 mm ID) coated with a 0.33 pm thick film Of  5% phenyl  methyl 
silicone. The helium carrier gas flow rate  was 0.80 mL per min, and the column effluent was 
combined with 34 mL per min nitrogen make-up gas before entering the  FID.  The  FID  was 
operated using hydrogen and air flowing at 33 and 410 mL per min, respectively. 

Alkane hydrocarbons were identified on  the basis of their retention times. Any peak 
detected  above the integrator threshold within *0.25% of the mean retention time of an alkane in 
the calibration standards was  identified  and  quantified as that alkane. The calibration standards 
were prepared at our Laboratory, and contained the normal alkanes from decane  through 
triacontane, dotriacontane, tetratriacontane, and 2,6,10,14-tetramethylpentadecane (pristane). 

Alkane Hvdrocarbon  Measurement - Concentrations of calibrated alkanes in samples were 
estimated using an internal standard method  employing a 5-point calibration curve for each 
calibrated alkane hydrocarbon. The deuterated surrogate  standards  that  were initially spiked into 
each sample are treated  as internal standards, where each surrogate compound is associated with 
one or more calibrated alkane (see Tables 1-1 and 1-4, Appendix I). A calibration curve for each 
calibrated alkane and batch of samples analyzed is based on five different hexane dilutions of the 
concentrated alkane standard prepared at our Laboratory, where 1 mL of each dilution contained 
the same amount of deuterated surrogate standard as was  initially spiked into  the samples. Each 
calibration curve is derived from linear regression of the ratio of FID  response of the calibrated 
alkane and the associated deuterated surrogate standard as  the ordinate, and the ratio of the 
amount of calibrated alkane and the amount of deuterated surrogate in 1 mL of each of five 
calibration standards  as  the abscissa. The highest calibration standard is 50 times more 
concentrated  than the lowest standard, and alkane concentrations in the lowest standard 
correspond with alkane concentrations in a 10 g sample of mussel tissue or sediment ranging from 
41 to 128 /.g/g. 

Concentrations of 2,6,10,14-tetramethylhexadecane (phytane) were also estimated as  the 
mean of results derived from the calibrations curves for octadecane and nonadecane, because a 
suitable standard for this alkane was not available. The accuracy of this procedure was, however, 
evaluated using NIST-derived standards (see below). 

Amounts of uncalibrated alkane hydrocarbons and the cumulative amount of hydrocarbons 
in the unresolved complex mixture (UCM) were calculated using respective detector responses 
and the calibration curve for hexadecane. FID response due to the UCM was determined as  the 
difference of the total  FID response and the response due  to distinguishable peaks. 

Detection Limits - h4DLs were estimated for each calibrated alkane analyte following the 
procedure described in Appendix B, Chapter 40 Code of Federal Regulations Part 136. These 
estimates of detection limit concentrations are indicated for each calibrated alkane analyte in Table 
1-5, Appendix I. 
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Ouality Assurance - Samples were analyzed in strings comprising 12 samples, 5 calibration 
curve  standards, and 7 quality control samples arranged in a specific sequence. Replicated 
samples were analyzed in different strings. The 7 quality control samples  included 2 mid-level 
calibration standards, 2 reference samples, a method  blank,  and a NIST-derived alkane standard. 
One each of  the mid-level calibration standards and of  the reference samples,  and the method 
blank were analyzed in the middle of  each string, and the remaining 4 quality control samples 
were analyzed at the end of each string. 

The mid-level calibration standards  were analyzed to verify instrument stability during 
analysis of  the string; the results are summarized in Table 111-5, Appendix 111. The reference 
samples for mussels were  prepared as 10 g aliquot of NIST SRM 1974 enriched with a solution of 
alkanes prepared at our Laboratory to tissue concentrations ranging from 490 to 1,300 ng 
alkandg dry weight, and were analyzed to assess analytical precision within and among mussel 
strings for the alkane analytes; the results are summarized in Table 111-6, Appendix 111. The 
sediment reference samples were 1 g aliquot of a material prepared by NIST  (denoted  as QC- 
SED-l), and were analyzed to assess analytical precision within and among  strings for the 
calibrated alkane analytes. The results of  the reference sample analyses are summarized in Table 
111-7, Appendix 111. 

Method blanks were analyzed to assess contaminants introduced during processing and 
analysis. Mussel tissue or sediments and  method  blank samples were  processed and analyzed 
identically, except  the method  blanks contained no matrix material. Method blanks spiked with an 
amount of  Laboratory-prepared  standards equivalent to amounts  that would be present from 
sample concentrations of 4,000 to 13,000 ng alkandg,  were analyzed to assess overall method 
accuracy. The  results  of  the spiked  method  blank  sample  analyses are summarized in Table 111-8, 
Appendix 111. Also, a NIST-derived alkane standard (denoted as QA-CH-2) was analyzed  with 
each string to relate accuracy assessments of alkanes with NIST  standards; results of  these 
analyses are summarized in Table 111-9, Appendix 111. 

Calibration curve linearity, expressed as  the  square of the correlation coefficient of 
regression (r*), was  greater than 0.99 for more than 95% of  the alkane calibration curves. 
Recoveries  of  the  deuterated  surrogate standards, added to each sample, were estimated by 
comparing the  ratio  of  deuterated  surrogate response and the  DCH internal standard of a sample 
with  the mean of  the same ratio derived from  the calibration standards of the sample string (1 mL 
of each calibration standard contains  the same amounts  of  these  standards as was added to each 
sample,  and each sample was  concentrated to about 1 mL for instrumental analysis).  Alkanes that 
are associated with deuterated  surrogate standard recoveries of less than 30%, or more than 
150%, are  treated as missing,  affecting  1.7% ofthe mussel alkane data and 0.9% of  the sediment 
alkane data.  The remaining alkane data  for these samples are listed in Table 11-10, Appendix 11, 
and these  data  were excluded from further consideration in this report. 

The precision of the analytical procedure is evaluated on the basis of the results of  the  two 
reference samples analyzed with each string. Alkane CVs in reference samples ranged from 12% 
to 16% (median 13%; Table 111-6, Appendix III), and from 8% to 41% for sediments (median 
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18%; Table 111-7, Appendix 111). Mean accuracy, determined as  the ratio (expressed as percent) 
of the mean  amount of calibrated alkane found in the calibration check samples of the 73 strings 
analyzed for this study and the amount added, ranged from 95% to 103% (median lOOO/); 
corresponding CVs ranged from 0.7% to 17% (median 2.6%; Table 111-5, Appendix 111). Mean 
accuracy based on the spiked blank samples ranged from 91%  to 108% (median 99.6%); 
corresponding CVs ranged from 3.6%  to 15.2%  (median 5.3%; Table 111-8, Appendix 111). Mean 
accuracy based on  the NIST QA-CH-2 standards ranged from 86% to 128% (median 94.4%); 
corresponding  CVs ranged from 3%  to 65% (median 4.6%; Table 111-9, Appendix 111). 

Calibrated alkanes were  detected above respective MDLs only twice in the analysis of 25 
calibrated alkanes in each of 73 method blanks. 

Data Analysis 

Summarized  Hvdrocarbon Results - Alkane and PAH results are presented in full in 
Appendix 11, and are summarized below as mean total normal alkanes (TNAs) or total polynuclear 
aromatic hydrocarbons (TPAHs). TNA is the sum of all normal alkanes detected, and TPAH is 
the sum of all PAHs detected, excluding perylene, a naturally occurring PAH found in the marine 
sediments of the sound. Mean TNA or TPAH is the mean of the  TNA or TPAH summed for 
replicated samples, and is presented together with i 1  SE. The number of replicated samples is 
three unless indicated otherwise. All units are presented as ng/g dry weight. 

Carbon Preference Index - A carbon preference index (CPI)  was calculated as: 

CPI = 2*(C27 + C29)/(C26 + 2*C28 + C30) 

This form of  CPI was used because these five alkanes were simultaneously above MDLs most 
frequently. 

Analvsis of Variance - One-way  ANOVA used to evaluate the significance of time 
variation of sediment TNA and  TPAH  means at Constantine Harbor and Rocky Bay. These data 
were not transformed. 

Detection Limit Convention for Replicated Samules - In cases where hydrocarbon 
concentrations  were replicated and were near detection limits, resulting in some of the replicated 
concentrations  above the  MDL  for  an analyte and some below, the analyte was reported as 
detected in the tables of Appendix 11, if the concentration mean was  above  the MDL. If  the 
concentration mean was below the MDL, the analyte was reported  as below the MDL in these 
tables. 

Excluded Samdes - Hydrocarbon results from 25 sediment samples were excluded from 
consideration in this study because they appeared to have become contaminated after shipment to 
another  laboratory where these samples were analyzed. Evidence for this conclusion is presented 
in  Appendix IV, and the excluded hydrocarbon results are listed in Table IV-1  of  the Appendix. 
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Identification of EVO - Identification of EVO is presumptively based on ratios  of PAH 
homologue  groups. Specifically, PAHs  were considered as derived from the spilled  oil if (1) the 
ration of  the sum of  the alkyl-dibenzothiophenes and the sum of  the alkyl-phenanthrenes exceeded 
0.29;  (2)  the  ratios  of  the sum of  the alkyl-chrysenes  and the sum of the alkyl-phenanthrenes 
exceeded 0.05; and (3)  the sum ofthe alkyl-phenanthrenes exceeded 20 ng/g in sediments, or 50 
ng/g in mussels (dry weight basis). Samples with a hydrocarbon signal judged so derived are 
denoted as EVO-PAH. 

RESULTS 

PWS 

Mussel PAHs - Concentrations of PAHs derived  from EVO  were found in  mussels at all 
stations within or near the path followed by spilled  oil through PWS,  and were highest during  the 
first three months after  the Spill, followed by a steady decline. Mean TPAH  concentrations in 
mussels increased from less than 550 ng/g at any station sampled just  prior to oil impact, to over 
100,000 np/g within six weeks at stations where beached  oil was especially  heavy (Fig. 3). The 
highest TPAH  concentrations found in mussels were in samples collected during April through 
mid-June 1989  from Green Island (234,000 f 32,400 ngg, n = 2), Sleepy  Bay (143,000 f 13,900 
ng/g),  and Elrington Island (30,100 f 5,060 ndg), where heavy  beach  oiling was present on  or 
near the mussel  bed sampled. Mean TPAH concentrations at Sleepy  Bay  and Elrington Island 
declined to 38,600 f 4,330 ng/g and 4,480 f 1890 ng/g by August 1989 (Fig.  3). 

The  PAH composition of mussels sampled from oiled beaches is similar to that  of 
weathered spilled oil. For example, the relative abundance of PAHs in mussels collected from 
Sleepy  Bay in May 1989 is very similar to that  of floating mousse oil collected near eastern Knight 
Island 11 days following the Spill (Figs. 4A and B). 

The maximum TPAH  concentrations  were lower in mussels at stations where beach oiling 
was less readily apparent. At Bay of Isles, Naked Island, Perry Island, and Crab Bay,  mean 
TPAH  concentrations  were consistently highest in April or May 1989, and ranged from 1,790 f 
13.4 ng/g (n = 2) at Crab Bay to 18,000 i 1,540 (n = 2) at Bay of Isles (Figs. 3A and B). By 
August, these  concentrations declined to  51.4 f 26.0 at Crab Bay  and 2,530 (n = 1) at  Bay of 
Isles. Except at Crab Bay in August, the PAH composition in mussels from all these  stations  after 
March was similar to the composition of weathered EVO depicted in Fig. 4 (see Figs.  3A  and B). 

Contributions  of EVO-PAHs oil to mussels at Barnes  Cove and at Rocky Bay were 
relatively  small. At Barnes Cove, PAHs were compositionally similar to weathered EVO only in 
mussels collected in May 1989;  the mean TPAH concentration was 770 * 11.5 ng/g  (Fig. 3C). 
Mean TPAH  concentrations in  mussels collected from Barnes  Cove during other sampling periods 
in 1989 ranged from 71.2 f 13.4  ng/g (in August) to 230 k 78.3 ng/g (in April),  and consisted 
mainly of naphthalenes; the single most abundant PAH  detected. At Rocky Bay, PAHs were 
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Figure  3.--Concentrations of TPAHs in mussels collected from PWS in spring and  summer 1989. 
Filled  symbols indicate PAH  compositions similar to that  depicted in Figure 4. Open concentric 
circle symbols indicate PAHs  that consist mostly of naphthalenes. A. Bay of Isles, Elrington 
Island, Green Island, and Sleepy Bay stations. B. Crab Bay, Naked Island, and  Perry  Island 
stations. C. Barnes  Cove and Rocky Bay stations. D. Bligh Isl,and, Constantine  Harbor, Olsen 
Bay,  and Siwash Bay stations. Note the different scales on the y axes.  Units  are ng T P M g  dry 
tissue weight. 
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Figure 4.--Relative abundance of PAHs and phytane in:  A. Mousse  collected from sea  surface of 
western  Montague  Strait 11 days following the EVOS; B. mussels from  Sleepy Bay,  May 1989; 
C. mussels from Sleepy Bay, April 1990; and D. mussels from Sleepy Bay, April 1991, Relative 
abundances  for  each sample are calculated as the  ratio  (expressed  as  percent) of the analyte to the 
sum of all the PAHs (excluding perylene) in the sample; thick vertical bars  indicate  the mean of 
these  calculations  for  replicate samples, and thin vertical bars  indicate  the  range. Also given are 
the mean TPAH  concentrations of Sleepy Bay  mussels f SE, and n of replicate samples included. 
Units  are ng PAWg dry tissue  weight. 
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compositionally similar to weathered EVO in mussels collected in May  and  in June 1989; mean 
TPAH concentrations  were 474 f 49.3 ng/g  and 437 * 178 ng/g. Although the mean TPAH 
concentration of mussels at Rocky  Bay was higher in March 1989 at 544 f 114 ndg, the PAH 
composition consisted mainly of naphthalenes. By  August 1989, the mean TPAH  concentration 
in Rocky Bay mussels declined to 93.6 * 32.2 ng/g (Fig. 3C). 

Mean TPAH concentrations at the reference stations were usually less than 500 ng/g  in 
1989, and consisted mainly of naphthalenes. At  Bligh Island, Constantine Harbor, and Olsen Bay, 
naphthalenes consistently accounted for more than half the TPAHs detected (Fig. 3D). Similarly, 
naphthalenes consistently accounted for more than half the TPAHs detected in  all  mussel samples 
collected in March prior to any oil  spill impacts (compare Figs. 3A through D). However, at 
Siwash Bay, naphthalenes accounted for  just less than half the TPAHs detected in May.  The 
mean TPAH  concentration  was relatively low at 97.6 f 5.83 ng/g; whereas, in August the PAH 
composition was similar to that of weathered EVO and the mean TPAH concentration  was higher 
at 274 i 6 1.4 ng/g (n = 2). 

In 1990, mussel  EVO-PAHs were consistently evident only in samples from Sleepy Bay. 
Mean  mussel TPAH concentrations in Sleepy Bay samples were highest in August at 21,700 * 
1,510 ng/g; compared to 4,150 f 205 ng/g in April  and 1,830 f 69.3 ng/g in June.  The PAH 
composition of Sleepy Bay mussels was consistently similar to that of weathered EVO (Fig. 4C). 
Mean TPAH concentrations of mussels from Elrington Island and Bay of Isles were also relatively 
higher  in samples collected later in 1990, but the  PAH composition differed from that of 
weathered EVO. Mean TPAH concentrations in mussels increased from 90.5 * 41.8 ng/g in  April 
1990 to 3,860 f 167 ng/g  in August at Elrington Island, and from 205 f 43.7 ng/g (n = 2) in  April 
to 489 nglg (n = 1) in June  at Bay of Isles. At both these stations, PAH compositions of mussels 
that contained relatively  higher  mean  TPAH concentrations were similar to that of weathered 
EVO except for  the chrysenes which were low or absent. This PAH composition pattern is 
consistent with  that expected for diesel  oil  refined from North Slope crude oil. 

Mean TPAH concentrations in mussels were low at  the remaining stations sampled in 
PWS in 1990. Of all the remaining stations and times sampled, the median of the mean TPAH 
concentrations found was 19 ndg, and 80% of  these means were less than 100 ng/g. The highest 
mean TPAH observed was  at Olsen  Bay  in August at 250 * 245 ng/g (n = 2) due  to a  single 
sample that  was  not  corroborated by the replicate. 

PAHs from spilled  oil persisted in  mussels at Sleepy Bay to April 1991; the mean TPAH 
concentration  was 2,030 f 96.6 ng/g and the PAH composition was similar to weathered EVO 
(Fig. 4D). At the remaining stations sampled  in  April or May 1991, mean TPAH concentrations 
were less than 165 ng/g (median 80 ng/g). 

In  contrast with 1989, naphthalenes were generally relatively  minor constituents  of mussel 
samples collected in 1990 and in 1991, including samples that  were low in TPAHs. Instead, the 



most abundant PAHs in these samples were usually alkyl-substituted PAHs sporadically detected 
near detection limits. 

Results  of replicate TPAH concentrations  of mussels  usually agreed to within 
*50% of  the  replicate mean.  In  75% of the 48 replicated mussel samples for which the replicate 
mean TPAH  concentration exceeded 200 ng/g, the CV was less than SO%, and the median CV 
was  26.3%. This means that  for replicates consisting of  two or three samples, results agreed to 
within *SO% of  the mean  in 75% of samples where  the mean TPAH  concentration exceeded 200 
ng/g. 

Mussels Alkanes.  including Phytane - Mussels in PWS that contained the highest TPAH 
concentrations  also contained the highest concentrations of TNA including phytane. Mean TNA 
and phytane concentrations  were highest in mussels  sampled from April to June 1989 at Green 
Island, Sleepy  Bay, Elrington Island, Bay of Isles,  and Naked Island (Figs. 5A and B). 
Concentrations  were highest at Green Island  and  Sleepy  Bay at 282,000 ng/g (n = 1) and 96,700 
* 13,300 ng/g,  and exceeded 9,000 ndg at the  other  three named stations during this period. In 
contrast, mean TNA  concentrations in mussels were consistently lower than 3,000 ng/g at all of 
the remaining stations sampled in 1989, as well as in mussels  sampled from Elrington or Naked 
Islands in March  prior to oil impacts (Fig. 5). Similarly,  mean  phytane concentrations  were also 
highest at Green Island and  Sleepy  Bay at 15,900 f 1,290 ng/g and 9,150 f 2,430 ng/g 
respectively, and ranged from 2,530 f 380 ng/g to 236 ng/g at Elrington Island,  Bay of Isles, 
Naked Island, Perry Island, and Crab Bay in mussels  sampled in April to June  1989. Phytane 
concentrations in mussels at these  stations generally  varied in concert with TNA  concentrations. 
However, phytane concentrations in mussels were either near or below detection limits  at the 
remaining stations sampled in 1989. 

Alkane CPIs  of mussels  sampled after March 1989 were consistently lower than  1.75 at 
Green Island, Sleepy Bay, Elrington Island,  Bay of Isles, and (except for August) at Naked Island 
(Fig. SA). Alkane CPIs of mussels that contained higher concentrations of normal alkanes were 
consistently near one in 1989, indicating a petrogenic source  for  these alkanes. Normal alkanes of 
mussels  sampled elsewhere, or sampled  in March, consisted predominantly of the marine-derived 
alkanes C15, C17, and C19 (Fig. 5). 

In 1990,  concentrations of TNAs and phytane remained  highest at the  three  stations where 
TPAHs  were highest. At Sleepy Bay, TNA concentrations in  mussels ranged from 4,890 f 1,090 
nglg (in June) to 15,500 f 1,550 ng/g  (in August), and phytane concentrations ranged from 414 * 
69.3  ng/g to 2,380 i 701 ng/g. At Elrington Island and  Bay of Isles, TNA  concentrations ranged 
from 1,950 f 1,330 ng/g (n = 2) to 5,700 f 1,270 ng/g (n = 2), and phytane concentrations 
ranged from near detection limits to 1,910 f 265 ng/g. At the remaining stations,  TNA 
concentrations ranged from below detection limits to 5,660 ng/g (except  for  one sample from 
Olsen Bay that contained 58,300 ng/g of C21), and  phytane concentrations ranged from below 
detection limits to 394 * 3 1.9 ng/g (at Crab Bay in August). 
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Figure 5.--Concentrations of TNAs in mussels collected from PWS in 1989. Filled  symbols 
indicate CPIs (see methods section for definition) less than 1.75. Open  concentric circle symbols 
indicate more than 50% of the TNAs consists of marine-derived alkanes CIS, C17, and C19. A. 
Bay of Isles, Elrington Island, Green Island,  and  Sleepy  Bay stations. B. Crab Bay, Naked Island, 
and Perry Island stations. C. Barnes Cove and Rocky Bay stations. D. Bligh Island, Constantine 
Harbor. Olsen Bay,  and  Siwash  Bay stations.  Note  the different scales  for  the y axes  for A - D. 
Units are ng TNNg dry tissue weight. 



Alkane CPIs could be meaningfully determined for mussel samples from only Sleepy Bay 
in 1990. At Sleepy  Bay, alkane CPIs ranged from 0.77  to  1.25. Concentrations  of normal 
alkanes in the  range  C25 to C30 were too frequently below detection limits in most of  the 
remaining  mussel samples collected from  PWS stations in 1990  for  the  CPI calculation to be 
meaningful. Normal alkanes of mussels  sampled at these stations consisted predominantly of  the 
marine-derived alkanes ClS, C17, and C19. 

In 1991, concentrations  of  TNAs and of phytane were highest in mussels from Sleepy Bay. 
TNA concentrations in Sleepy  Bay  mussels were  2,880 f 733 ndg, compared with TNA 
concentrations  that ranged from below detection limits to 936 f 794  ng/g elsewhere. Similarly, 
phytane concentrations  were  926 f 251 ng/g at Sleepy  Bay compared  with  concentrations 
elsewhere that  were usually below detection limits (exceptions included Crab Bay  and Naked 
Island where phytane concentrations  were  41 1 f 233 ng/g and 154 f 154 ng/g). As in 1990, 
concentrations of normal alkanes in the range C25 to C30  were too frequently below detection 
limits  in most of  the mussel  samples collected from PWS  stations in 1991 for  the  CPI calculation 
to be  meaningful (except at Sleepy  Bay, where the  CPI  was  1.55). Normal alkanes of mussels 
sampled at these  stations consisted predominantly of the marine-derived alkanes C 15, C 17,  and 
C19. 

Results  of  replicate  TNA  concentrations  of mussels were more variable than results for 
TPAHs. In 52% of  the  64 replicated  mussel  samples for which the replicate mean TNA 
concentration exceeded 1,000 ng/g, the CV was less than SO%, and the median CV  was  42.9%. 
This  means that  for replicates consisting of  two or three samples, results agreed to within * 50% 
of the mean  in 52% of samples where  the mean TNA  concentration exceeded 1,000 n&. 

Pristane  concentrations in mussels at reference stations varied substantially with season. 
Pristane  concentrations  were highest at reference stations in mussel  samples collected during the 
spring. In 1989, pristane concentrations in mussels at reference stations increased from below 
detection limits to concentrations  that ranged to 4,560 f- 71 1 ng/g during April through June, but 
these  concentrations declined to near or below detection limits by August. Similar variations 
were evident at all stations in 1990. Mean pristane concentrations in mussels  sampled in spring 
1990  often exceeded 5,000 ng/g, then declined by factors  of  10 or more by August at stations 
where petrogenic hydrocarbons were not evident. 

Sediment PAHs - Aromatic hydrocarbons derived from the spilled  oil were most 
consistently evident at Sleepy Bay. Mean TPAH  concentrations  were highest in sediments 
collected during the first sampling  period in May 1989 at Sleepy  Bay at 924 f 407 ng/g. Mean 
TPAH  concentrations declined  slightly by August, and substantially by 1990  (Fig.  6) when  they 
were below 200 ngg. Mean TPAH  concentration declined hrther by  April 1991 to  33.1 f 5.43 
ng/g. These generally declining concentrations in sediments at Sleepy  Bay are consistent with a 
similar pattern of decline in  mussels (Fig. 6). 
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Figure 6.--Comparison of TPAHs in mussels (left-hand scale) and in sediments) at Sleepy Bay 
from  spring 1989 to spring 1991. Samples  were  collected simultaneously but are offset for 
clarity.  Vertical bars represent standard  error; n = 2 or 3 .  Units are ng TPAH/g dry tissue or 
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The  PAH composition of sediments sampled from Sleepy Bay is similar to that of 
weathered EVO. The relative abundance of  PAHs in sediments at Sleepy Bay is similar to that of 
mussels there  that  were sampled concurrently (compare Figs. 4 and 7). In both sediments and 
mussels at Sleepy Bay, PAHs of lower molecular weight, or with lower alkyl substitution,  are 
preferentially lost with time, compared with the relative PAH abundances of  the benchmark 
mousse oil sampled 11  days following the Spill. 

PAHs derived from the spilled  oil were more sporadically detected at Elrington Island. In 
May 1989, mean TPAH  concentrations in sediment  samples collected from the lower intertidal 
area near the mussel  sampling site contained 117 f 35.7 ng/g compared with 11,600 f 2,740 ng/g 
in visibly  oiled sediments collected from the upper intertidal. At the lower intertidal site, mean 
TF’AH concentrations  were consistently lower than 50 ng/g for  the remainder of 1989, but 
increased to 163 f 89.9 ng/g (n = 2) in  April 1990. After April 1990, mean TPAH  concentrations 
in sediments at the  lower intertidal site  were consistently less than 10  ng/g. The  PAH 
composition of sediments collected in May 1989 and  April 1990  were similar to that  of  the 
weathered mousse sample. However, PAH  concentrations in the remaining sediments collected 
from this  station  were too frequently below detection limits to indicate possible PAH  sources. 

PAHs derived from the spilled  oil were also sporadically detected in sediments from 
Barnes  Cove, Bay of Isles, Crab Bay,  and Perry Island. In 1989, mean TPAH  concentrations at 
these stations ranged to 427 f 217 ng/g at Barnes Cove, and the highest mean TPAH 
concentrations in sediments from Bay of Isles, Crab Bay,  and Perry Island were 155 f 75.7 ng/g, 
238 f 86.8 ng/g, and 43.1 f 3 1 .O ng/g,  respectively. The relative abundance of PAHs of samples 
that  contained the highest TPAH  concentrations  from each of these  stations consistently matched 
that  of  weathered EVO in 1989. However, the pattern of PAH abundance characteristic  of  the 
weathered mousse was less evident in samples that contained lower TPAH  concentrations from 
these stations, especially where mean TPAH  concentrations  were below 50 ng/g. 

In 1990,  PAH abundance patterns indicative of weathered spilled  oil were consistently 
evident at Bay of Isles; mean TPAH  concentrations ranged  from 76.4 f 7.8 1 ng/g (n = 2)  to 197 f 
14.9 ng/g (n = 2). At Barnes Cove and Crab Bay,  mean TPAH  concentrations ranged from 55.0 
f 13.6 ng/g to 11 1 f 18.8 ng/g (n = 2), and often contained relatively low  proportions  of 
dibenzothiophenes or chrysenes compared with phenanthrenes; this suggests petrogenic sources 
other  than EVO. At Perry Island, mean TPAH  concentrations ranged from 3.44 f 0.10 ng/g (n = 
2)  to  19.0 f 7.04 ng/g (n = 2) which are  too low to indicate possible sources. Mean TPAH 
concentrations  were similarly low at these stations in 1991, except at Barnes  Cove, where the 
mean concentration  was  236 f 65.0 ng/g,  and the relative PAH abundances were most similar to 
those of sediments at Constantine  Harbor and Rocky Bay. 

At Rocky Bay  and Constantine Harbor, mean TPAH  concentrations in sediments were 
very consistent and  relatively  high from 1989  through 1991, and the relative PAH abundances 
differed markedly from that of weathered spilled  oil. The mean TPAH  concentration of all 
sediment samples from Rocky Bay was  300 f 27.8 ng/g (n=18), and  from Constantine  Harbor 
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TPAH = 9242407 flg/g 

B Sleepy Bay Sediment, April 1990 
TPAH = 168225.7 ng/g 

TPAH = 33.1 25.43 ng/g 

Figure  7.--Relative abundance of PAHs and phytane in sediments collected from Sleepy Bay  in: 
A.  May 1989, B. April 1990, and C. April 1991. Relative  abundances for each sample are 
calculated  as  the ratio (expressed  as  percent) of the  analyte to the sum of all the PAHs (excluding 
perylene) in the sample; thick vertical bars indicate the mean of replicate samples, and thin vertical 
bars  indicate  the  range. Also given are  the mean TF'AH concentrations f SE and n of replicate 
samples  included. Units are ng TPAWg dry sediment weight. 
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was 561 f 15.2 ng/g (n = 15). Mean TPAH  concentrations did not vary  significantly with the 
date of sampling at either  station  (Rocky Bay P>O. 14, Constantine Harbor  P>0.23; Fig. 8). At 
both stations, sediments contained relatively  low concentrations  of dibenzothiophene PAHs 
compared with other.PAHs, and substantial concentrations of alkyl-substituted PAHs compared 
with  unsubstituted  PAHs (Fig. 9). Although similar, the relative PAH  abundances at Rocky Bay 
and Constantine  Harbor  are not identical; the relative abundances of unsubstituted PAHs 
compared with homologous alkyl-substituted PAHs is somewhat higher at Rocky Bay than 
Constantine  Harbor  (Fig. 9). 

Mean TF'AH concentrations  were usually  well below 100 ng/g at the remaining stations in 
PWS  where sediments were sampled. Sediment TPAH  concentrations  were lowest at Bligh 
Island; they ranged from  2.71 f 1.71 ng/g to 32.8 f 13.6 ng/g. At Naked Island, Olsen  Bay,  and 
Siwash  Bay,  mean TPAH  concentrations ranged to 113 f 52.0 ng/g,  but 68% of these means 
were below 50 ng/g. Consistent patterns  of relative PAH abundances were not evident in these 
samples, although naphthalenes were often the most abundant PAHs present. 

The variability of TF'AHs in sediments is  similar to the variability in mussels. In 71% of 
the 51 replicated sediment  samples for which the replicate mean TPAH  concentration exceeded 
50 ng/g, the CV was less than SO%, and the median CV was 30.9%. This  means that  for 
replicates consisting of  two or three samples, results agreed to within f 50% of the mean in 71% 
of samples where  the mean TPAH concentration exceeded 50  ng/g. 

Concentrations  of perylene in sediments varied  widely among stations. At Elrington 
Island, Perry Island, and  Sleepy  Bay,  perylene was almost  never detected in sediments. In 
contrast, perylene concentrations ranged from at least 10.7 f 4.21 ng/g (n = 2)  to  as high as 69.2 
f 16.9 ng/g (n = 2)  at Constantine  Harbor,  Barnes Cove, Bay of Isles, and Rocky Bay,  and  did 
not vary with sampling date in any consistent manner. Perylene concentrations in sediments at 
remaining stations  were intermediate, and  usually  ranged from  2.40 f I .23 ng/g to 11.9 * 1.91 
ng/g (n = 2),  except at Naked Island, where concentrations ranged from 4.93 f 0.29 ng/g to  25.0 
f 1.67 ng/g (n = 2). 

Sediment Alkanes - Except at Elrington Island  and  Sleepy  Bay, the alkanes found in 
sediments of PWS derived primarily  from indigenous sources. At the  Elrington Island site that 
was visibly  oiled in May 1989,  the sediment TNA concentration  was  10,700  ng/g (n = I), and the 
CPI  was  0.89. However, mean TNA concentrations in sediment  samples collected from the lower 
intertidal near the mussel  sampling site  were consistently less than  300 ng/g. At Sleepy  Bay,  mean 
TNA  concentrations  of sediments declined from 3,280 f 1,200 ng/g in  May 1989 to 2,720 * 330 
ng/g in August, and  declined hrther to less than 650 ng/g in 1990 and 1991. The CPIs  of Sleepy 
Bay sediments were consistently less than 1.75, and phytane was consistently detected, which 
corroborates a petrogenic source. 

In  contrast,  the normal alkanes in sediments of the remaining stations in PWS mainly 
comprised those  of odd-numbered carbon  atoms with molecular weights equivalent to C15 01 
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Figure 8.--Comparison of A. TPAHs and B.  TNAs in sediments at Constantine  Harbor  and 
Rocky Bay during  the  period  from  spring 1989 to spring 1991. Vertical  bars  indicate  standard 
errors,  and  horizontal  lines  indicate  means over all  sampling  periods  when these were  not 
significantly  different (ANOVA P>O.O5). 
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greater, had CPIs  that  were usually substantially greater than two, and phytane concentrations 
that  were usually  below detection limits. 

Mean concentrations  of TNAs and of perylene in sediments of PWS generally varied 
similarly among stations where EVO was not indicated. At stations where perylene 
concentrations in sediments were lowest, i.e. Elrington Island, Perry Island, and Sleepy Bay,  mean 
TNA concentrations were less than  about  600 ng/g except for samples where  the spilled oil was 
indicated. At stations  where perylene concentrations in sediments were highest, i.e. Barnes Cove, 
Bay of Isles, Constantine  Harbor, and  Rocky  Bay,  mean TNA concentrations usually exceeded 
1,000 ng/g, often ranged above 2,000 ng/g (except at Rocky  Bay), and were highest at  Barnes 
Cove  at 5,650 f 948 ng/g (n = 2). At the remaining stations where perylene concentrations  were 
intermediate, mean TNA concentrations were intermediate also, and ranged from 326 f 73.1 ng/g 
(n = 2) to 2,100 f 69.1 ng/g. 

Mean TNA concentrations were especially consistent over time in sediments at 
Constantine  Harbor, and similar to mean  TPAH concentrations there.  The mean TNA 
concentration was 2,780 f 102 ng/g (n = 16), and did not vary significantly during the  two years 
of this study @>OS; Fig. SA). The alkanes in Constantine Harbor sediments consisted primarily 
(i.e.  more  than 50%) of odd carbon-numbered normal alkanes with molecular weights equivalent 
to  C21  or greater.  CPIs  that ranged from 3.82 to  6.63 indicating a terrestrial origin for  these 
alkanes. In  contrast, mean TNA concentrations at Rocky  Bay were  quite variable, despite the 
mean TPAH concentrations that did  not  significantly vary. Mean TNA concentrations in 
sediments at Rocky  Bay ranged from 323 f 53.9 ng/g to 1,900 f 80.4  ndg, and consisted of 
primarily (i.e. 50% to  90%)  of C 15, C 17, and  C 19; C 17  the most abundant normal alkane present. 
However,  despite  the higher TNA and TPAH concentrations in Constantine Harbor and Rocky 
Bay sediments, phytane was consistently below detection limits. 

Results of replicate TNA concentrations of sediments were substantially less variable than 
results for mussels. In 93%  of  the 82 replicated sediment samples for which the replicate mean 
TNA  concentration exceeded 200 ng/g, the  CV  was less than SO%, and the median CV  was 
18.9%. This means that  for replicates consisting of  two  or three samples, results agreed to within 
50% of  the mean in 93% of samples where the mean TPAH concentration exceeded 200 ndg. 

Gulf of Alaska 

Mussel PAHs - Concentrations of PAHs derived from EVO  were found in mussels at 
three  stations along the Kenai Peninsula, and at  one station on Kodiak Island in 1989. Of these 
four stations, mean TPAH concentrations in  mussels were highest at  Tetrakof Point on Kodiak 
Island, at 15,100 ng/g ( ~ 1 )  in  April,  declining to 1,440 f 133  ng/g  in July. Of the  stations  on  the 
Kenai peninsula, mean TPAH concentrations were highest at Petrov Point at 5,780 f 1,160 n d g  
(n = 2) in  May 1989 and 7,500 nglg (n = 1) in June. At Verdant Cove, mean TPAH 
concentrations declined from 4,120 f 594 (n = 2) in April 1989 to 51  1 f 55.9 in August. At 
Harris Bay, the TPAH concentration in mussels was  900 ng/g  in  April; the only time mussels were 
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sampled there in 1989. At  all these locations, the  PAH composition of  the mussels sampled in 
1989 is similar to that of weathered EVO  (e.g. Fig. 4). 

Relatively high TPAH concentrations were found in mussels sampled from other Gulf of 
Alaska stations in 1989, but had PAH compositions that differed markedly from  that of spilled oil. 
At Quicksand Cove  on the Kenai Peninsula, the mean  TPAH concentrations in mussels sampled in 
April was 1,050 f 88.1 ng/g, but 70% ofthis comprised naphthalene, C1-fluorene, and C2- 
fluorene, and by  August the mean TPAH concentration decreased to 78.0 f 54.3 ng/g (n=2). At 
Buskin River and Womans  Bay on Kodiak  Island,  mean  TPAH concentrations in mussels were 
3,800 * 3,300 ng/g (n=2) and 5,250 ng/g (n=1) respectively, but  the PAH composition was 
similar to  that  of diesel  oil as indicated by the relatively low  proportions of chrysenes present. At 
Anton  Larson Bay, Kodiak Island, and at Foul Bay,  Afognak Island, mean TPAH concentrations 
were 349 f 97.9 ng/g and 486 f 81.5 ng/g  in July 1989 respectively, but consisted primarily (> 
60%) of naphthalenes. Mean TPAH concentrations at the remaining Gulf of Alaska stations 
sampled for mussels in 1989 were less than 65 ng/g. 

Mean TPAH concentrations were generally below detection limits  in mussels collected 
from  the  three Gulf of Alaska stations sampled  in 1990. These three  stations  were all on  the 
Kenai peninsula, and PAHs were only detected in mussels from Quicksand Cove in  April 1990 at 
a TPAH concentration of 39.7 ng/g (n = I), and consisted entirely of naphthalenes. 

Mussel Alkanes - TNA concentrations were highest in mussels at most of the Gulf of 
Alaska stations  where  TPAH concentrations were also highest. At the  four  stations in the Gulf of 
Alaska where  PAHs derived from EVO  were indicated, correspondingly high TNA concentrations 
were also initially present then subsequently declined. At Tetrakof Point, mean TNA 
concentrations  were highest at 19,300 f 13,500 ng/g (n = 2) in April 1989, and declined to 4,440 
f 857 ng/g in July. Mean TNA concentrations were second highest at Verdant Cove, at 14,100 f 
1770 ng/g in April, and declined to 2,610 f 279 ng/g in August. At Petrov  Point, mean TNA 
concentrations were 7,320 f 2,350 ng/g (n = 2) in  May, and 13,300 ng/g (n = 1) in June. Finally, 
at Harris Bay, where PAHs derived from the spilled  oil were lowest, mean TNAs were also 
relatively low  at 2,680 ng/g @=I) in  April. Phytane was consistently detected in mussels from all 
four ofthese stations collected during the spring of 1989; mean concentrations ranged from 197 
ng/g (at Harris  Bay) to over 800 ng/g at the  other  three stations. Also, the  CPIs  of  these alkanes 
ranged from 0.76 to 1.28 in the spring of 1989; except at Harris Bay, where the  CPI was 4.27. 
These phytane concentrations and CPIs confirm the petrogenic source of the hydrocarbons found 
in these mussels. 

Mean TNA concentrations were also relatively  high in mussels from Buskin River; high 
PAH concentrations from. sources  other than EVO  were indicated. In July 1989, the mean TNA 
concentration of mussels was 12,200 f 879 ng/g, the phytane concentration was 4,010 f 92.7 
ng/g, and the CPI was 0.63. Mean TNA concentrations in mussels from the remaining Gulf of 
Alaska stations sampled in 1989 ranged from 533 * 334 ng/g (n=2) to 3,440 ng/g (n=l), with 
C15, C17, and C19 the most abundant alkanes present. Phytane was not detected in these 
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mussels,  and CPIs could not be calculated because higher  molecular weight alkanes were too 
often below detection limits. 

In 1990, TNA concentrations  were relatively  low at the  three  stations sampled. Mean 
TNA concentrations ranged from 1,470 ng/g (n=1) to 2,970 ng/g ( ~ 1 )  in mussels from Harris 
Bay, Quicksand Cove, and Verdant Cove collected in April, the only time mussels were collected 
from these  stations in 1990. 

Pristane  concentrations in  mussels collected from the Kenai Peninsula stations varied 
seasonally, similar to variations found  in  mussels from PWS.  Pristane  concentrations ranged to 
over 20,000 ng/g at these  stations in the spring of 1989, and  declined  nearly twenty-fold by 
August.  These high pristane concentrations  were not due to petrogenic sources  because phytane 
concentrations  were at least ten-fold lower than corresponding pristane  concentrations. 

Seasonal variation of pristane in mussels  was  much less marked in mussels collected from 
Kodiak Island stations compared with Kenai peninsula or PWS stations.  Concentrations  of 
pristane exceeded  1,000 nglg in mussels from Kodiak  Island stations only  when petrogenic 
sources  were indicated by correspondingly high  phytane  and PAH  concentrations. 

Sediment PAHs - Sediment  samples collected from Gulf of Alaska stations contained 
generally low TF'AH concentrations, and none contained EVO-PAHs. Mean TPAH 
concentrations  were below 50 ng/g in 60%  of the sediment samples collected in 1989. At the 
three  stations  were mean TPAH  concentrations in sediments exceeded 100 ng/g, the  PAH 
composition was similar to that  of diesel oil as indicated by the relatively  low proportions  of 
chrysenes present. The highest  mean TPAH  concentration  was  658 f 324 ng/g at Tetrakof Point 
in July 1989, followed by mean concentrations  of 144 * 13.1 ng/g and 124 * 5.28 ng/g at Paul's 
Bay  and McDonald Lagoon in  July.  In 1990, the only Gulf of Alaska station  where sediments 
were collected was Harris Bay;  mean TPAH  concentrations  were  less than 40 ng/g. 

Perylene was below detection limits in most  Gulf of Alaska sediments collected. 
However, it was  detected sporadically at Anton Larson Bay, McDonald Lagoon, and Tetrakof 
Point; single  sample  perylene concentrations ranged to  36.7 ng/g,  but were not corroborated by 
replicate samples. 

Sediment  Alkane Hydrocarbons - Mean TNA  concentrations  were generally below 800 
ng/g in Gulf of Alaska sediments, except at Anton Larson Bay. At this station,  the mean TNA 
concentration  was  17,100 f 1,190 ng/g, ofwhich more than  halfwas C27,  and most of the 
remainder was  odd carbon-numbered alkanes of molecular weights equivalent to C21 or greater. 
Odd carbon-numbered alkanes accounted  for most of  the TNAs in the  three  other Gulf of Alaska 
sediments collected in 1989 or 1990  where  the mean TNA concentration exceeded 300 ng/g. 
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DISCUSSION 

Mussels in PWS 

Crude oil spilled from the TN Exxon Vuldez clearly contaminated mussels at all of the 
sampling stations near the  trajectory of the spilled  oil through  PWS in 1989. Contamination by 
EVO is indicated by: (1) the consistent pattern  of relative PAH abundances, exemplified in Fig. 
4, found in these mussels and in EVO-PAHs in spring and  summer 1989, (2) the simultaneous 
appearance of this pattern in  mussels after, but never before, the spilled oil had  moved through  the 
Sound (Fig. 3) ,   (3)  increases of phytane and of TNAs with CPIs near one  concurrent with the 
PAH increases (Fig. 5 ) ,  and (4) the general absence of  these relative hydrocarbon abundance 
patterns, and the general low  TPAH  concentrations in mussels at stations  remote from the Spill 
trajectory. 

Mussels accumulated spilled oil primarily as whole, particulate oil rather  than by 
absorption of hydrocarbons dissolved in seawater. Accumulation of whole, particulate oil is 
indicated by the concurrently high TNA and  phytane concentrations in mussels that contained high 
EVO-PAHs. The solubility of  these alkanes in seawater is much lower than  the solubilities of the 
PAHs, but the relative concentrations  of  these hydrocarbons in the mussels contaminated by the 
spilled  oil is similar to  the relative concentrations in weathered EVO itself (e.g. Fig. 4). This 
obviates intermediary partitioning of hydrocarbons into  seawater prior to accumulation by the 
mussels,  and suggests direct accumulation of whole particulate oil  by the mussels. 

The amount  of  EVO-PAHs accumulated by mussels in 1989 is strongly associated with 
proximity to oiled beaches. As depicted in Figures 3 and 6 ,  mussels on heavily  oiled beaches 
contained the highest concentrations  of EVO; this indicates that proximal  oil sources  contribute 
substantially the oil burden in these mussels. However, mussels at stations distant from oiled 
beaches (e.g  Rocky Bay and Barnes  Cove) still accumulated detectable EVO-PAH burdens, 
indicating a longer range  water-borne  transport mechanism. 

The dispersed, particulate EVO accumulated by the mussels was obviously  biologically 
available,  and this implies that  this oil may also have been available to other  fauna  that feed on 
microplankton-sized prey  such as larval fish. The oil ingested by the mussels may have  been 
either  discrete small  oil droplets dispersed in the  water column, or adsorbed on planktonic prey. 
In either case, larval  fish may have ingested oil that was adsorbed on prey, or by mistaking  oil 
droplets  for prey. 

Mussels contaminated by EVO are a vector  for transmission of oil to mussel predators 
through ingestion. The widespread distribution of oil-contaminated mussels in 1989 suggests a 
similarly widespread availability of oil to mussel predators, such as marine  snails,  marine 
mammals,  and birds. However, the  effects  of ingested crude oil on these predators is generally 
not well known. 
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Widespread contamination of PWS mussels by EVO did not persist at  these  stations  into 
1990.  The absence of oil contaminated mussels (except at Sleepy Bay) indicates that particulate 
oil dispersed into the seawater column was more  limited  in 1990 to stations near heavily  oiled 
beaches such as Sleepy Bay. However, the increasing EVO-PAH concentrations in mussels at 
Sleepy Bay from April to August 1990 may have been due to cleanup activities. Cleanup efforts 
mobilized the spilled oil into adjacent seawaters, and this oil  may have accumulated to 
progressively higher concentrations in mussels through  the summer of 1990  at Sleepy Bay  where 
beach cleaning activities were substantial. The persistence of EVO-PAHs in Sleepy Bay mussels 
to April 1991 indicates that residual oil after the cleanup ended remained a significant 
contamination source  for mussels (and thus for mussel predators)  at least at  locations  where 
substantial oil was left. 

The increases of TPAHs observed at Elrington Island and Bay of Isles during 1990 may 
have been indirect effects of cleanup efforts. The relative PAH abundances of mussels at these 
stations was consistent with diesel  oil in August when TPAH concentrations were highest. At 
Elrington Island, these TPAH concentrations were very reproducible in August. This 
reproducibility suggests  that  the diesel oil was not the result of contamination during sampling, 
although it does not eliminate that possibility.  Alternatively, the high  August TPAH 
concentrations at Elrington Island and at Bay of Isles may have been the result of small, local 
diesel  oil  spills that often attend high  marine vessel traffic, such as was present near heavily  oiled 
beaches in PWS during the summer of  1990. However, the general absence of diesel-derived 
PAHs at most stations in PWS in 1990 indicates that  the magnitude of diesel  oil contamination of 
marine waters  was small  compared with the  EVOS. 

Mussels in the Gulf of Alaska 

Hydrocarbon results for mussels at Gulf of Alaska stations generally corroborate results 
for  PWS  stations.  The  four Gulf of Alaska stations where  mussel PAHs  were consistent with 
EVO in spring 1989  were all near beaches that had been moderately to heavily  oiled (Alaska 
Department ofEnvironmental Conservation 1990a, 1990b, and 1990~).  Conversely, EVO was 
not indicated as  the  PAH  source  for mussels collected at  stations more distant from oiled beaches, 
nor in  any of the Gulf of Alaska stations sampled  in 1990.  These results indicate that 
contamination of mussels by EVO in the Gulf of Alaska was limited to locations near oiled 
beaches in 1989, as was generally the case in PWS. 

Naphthalenes in Mussels 

The  source of  the naphthalenes, that  was so consistently prevalent in mussels collected 
during the spring of 1989, in PWS is not clear. One possibility is contamination introduced during 
sampling or subsequently during sample storage or analysis. Alternatively, mussels in PWS may 
have accumulated these naphthalenes from an unknown source which made naphthalenes available 
to mussels in 1989, but less so in succeeding years. 

3 1  



Pristane in Mussels 

The relatively  high pristane concentrations found in samples of mussels collected during 
the spring is probably related to the annual zooplankton bloom in PWS and the  northern Gulf of 
Alaska. Strong seasonal variation of pristane concentrations in mussels of  PWS was first reported 
by Karinen et al. (1993),  who related the high spring concentrations  of pristane they found in 
mussels to simultaneously high abundances of Culunus spp. and Neoculunus spp. copepods  there. 
Closely related species of  these  copepods in the Atlantic ocean biosynthesize pristane (Avigan  and 
Blumer 1968) and retain it at concentrations approaching 1% dry weight (Blumer et  al.  1964). 
Karinen et al. (1993) proposed ingestion of detrital material derived from carcasses  of  these 
copepods as a mechanism of pristane incorporation  into mussels. The high concentrations  of 
pristane found in mussels during spring at,  e.g.  Petrov Point and Verdant Cove,  extends the 
geographic  range of this phenomenon to the Kenai  peninsula. Conversely, the absence of high 
spring-time concentrations  of pristane in mussels from Kodiak suggests  that  the  geographic range 
of this phenomenon may not include  Kodiak Island. 

Comparison with Historical Data 

Except  for naphthalenes, concentrations  of unsubstituted PAHs and selected methyl- 
substituted  PAHs in PWS mussels collected from stations  that  were not impacted by the spilled  oil 
were generally below detection limits, consistent with results for comparable samples collected 
during the period 1977  through  1980 (Karinen et al. 1993). During the period 1977  through 
1980, naphthalene and  1-methylnaphthalene were  detected sporadically in mussels at 
concentrations near detection limits,  and most of  the remaining PAHs considered in the Karinen et 
al. (1993) study were consistently below detection limits. Results are similar for  the 
corresponding  PAH analytes in this study; except naphthalene and methylnaphthalene 
concentrations  were substantially greater and more consistently detected in mussels collected 
during spring 1989.  The results of Karinen et al. (1993)  together with those  of  this study affirm 
that  the  seawater in PWS  was generally free  of petrogenic hydrocarbons just before the Spill, 
remained so at stations distant from  the path of the spilled  oil through  the Sound, and returned to 
a comparable state by 1991.  In particular, the results of these  studies  together place strong 
constraints  on  the magnitude of  other  sources of anthropogenic PAHs in mussels (and hence in 
seawater) compared with EVO, such as spilled diesel oil associated with beach cleanup efforts, 
commercial  fishing, or recreational marine  vessel traffic. 

Sediments 

Results  of this study imply that contamination of lower intertidal sediments by the spilled 
oil was relatively  slight compared with the heavy  oiling that frequently impacted upper intertidal 
sediments. Results from Natural Resoureces Damage Assessment studies Air/Water Study 
Number 2 (O'Clair et  al.,  1996) and Subtidal Study Number 3B (Sale et  al.,  1995) indicate that 
transport  of oil from the  upper intertidal to the lower intertidal and subtidal sediments was 
mediated  primarily by wave (or cleanup) mobilization  and dispersion of oiled sediments in the 
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upper intertidal to sediments a lower depths, with PAH concentrations in sediments that decrease 
rapidly with distance from the local oil source. In this scenario, contamination of lower intertidal 
sediments would be transient as oil available for mobilization  is depleted and as contaminated 
sediments at  lower  depths continue to be dispersed. The EVO-PAH concentrations found in this 
study at Sleepy Bay, that generally decrease with time (Fig. 6) ,  are consistent with this scenario, 
as  are  the low PAH concentrations found in lower intertidal sediments at Elrington Island where 
sediment transport fluxes are high due  to strong marine and tidal currents. Similarly, the relatively 
lower concentrations of PAHs derived from EVO found in lower intertidal sediments at more 
protected  stations  (i.e. Barnes Cove, Bay of Isles, and Crab Bay) are probably due  to the 
relatively lower wave energy available to mobilize  oil contaminated sediments at  these stations, or 
else to  the distance from the nearest heavily  oiled sediments. 

Sampling stations  where sediment transport fluxes are high are indicated by low sediment 
perylene concentrations. Perylene is produced diagenetically in PWS sediments (Karinen et  al. 
1993, Venkatesan and Kaplan 1982), and this diagenesis has been associated with terrigenous 
alkanes (especially C27 and C29) in these sediments. Thus, relatively  high perylene 
concentrations indicate relatively stable sediments, because stability is prerequisite for diagenesis. 
High perylene concentrations therefore indicate depositional environments. Conversely, the 
generally low hydrocarbon concentrations at  the lower intertidal stations of Sleepy Bay, Elrington 
Island, and Perry Island, and the ephemeral appearance of EVO-derived hydrocarbons at these 
stations, is because the  stations are not depositional environments as indicated by the absence of 
perylene. 

The foregoing discussion indicates two factors  that primarily determine the persistence of 
spill-derived hydrocarbons in lower intertidal sediments. These two factors  are  (1) proximity to a 
persistent environmental reservoir of spilled  oil,  and (2)  the depositional environment of the 
sampling station.  These two factors do not simultaneously favor hydrocarbon persistence in 
sediments at any of  the  stations sampled  in this study. Of  the three  stations where the spilled  oil 
persisted to 1990, two were non-depositional as indicated by the absence of perylene (Sleepy Bay 
and Elrington Island), and the  other was a highly depositional environment (Bay of Isles) but  was 
more distant from heavily oiled beaches than the stations at Sleepy Bay or Elrington Island. The 
relatively brief appearances of  EVO in lower intertidal sediments at Barnes Cove,  Crab Bay, and 
Perry Island are probably due  to  the combined influence of distance from oil reservoirs and the 
specific depositional environment at  these stations. However, other lower intertidal sites in PWS 
that are near reservoirs of beached oil and are depositional environments may be expected to 
contain relatively high and persistent concentrations of spilled oil. 

The relatively high PAH concentrations consistently found at Constantine Harbor and  at 
Rocky  Bay are clearly not derived from EVO. Karinen et  al.  (1993) attributed PAHs at  these 
stations to local anthropogenic sources associated with  marine  vessels, based on their analysis of 
mainly unsubstituted PAHs. However,  the additional analysis of the alkyl-substituted PAHs 
herein indicates that  these  PAHs  are probably derived primarily from geologic sources external to 
PWS.  The relatively low proportions of dibenzothiophenes in these sediments clearly indicates a 
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source  other  than  the spilled oil. The  pattern  of relative PAH abundances we found in intertidal 
sediments at Constantine  Harbor is consistent with the pattern that has been identified  with 
petroleum seepage oil  near Katalla that is swept into PWS through Hinchinbrook Entrance along 
with Copper River sediments by the Alaska coastal  current  (Page  et al. 1995). Although our 
results generally confirm the  source identification (at least insofar as a geologic  source external to 
PWS) and transport mechanism  described by Page  et al. (1995); our results also suggest that  the 
exact PAH source may be  other  than  petrogenic. 

A geologic  PAH  source external to PWS is consistent with the invariance of  PAH 
concentrations and with the relatively  high  perylene concentrations at Constantine  Harbor and 
Rocky Bay. Mean TPAH  concentrations  were  constant during the  two  years  of this study at both 
stations.  Furthermore, intertidal sediment PAH  concentrations measured in common in this study 
and during the period 1977 through 1980 by Karinen et al. (1993) are nearly the same at these 
stations  (Table 2), indicating that these PAH  concentrations have been almost constant  over a 
period of nearly 15 years. Both  stations  are  stable depositional environments, as indicated by the 
relatively  high  perylene concentrations at them. The remarkable invariance of  PAH 
concentrations in these sediments suggests a general absence of  anthropogenic  PAHs during this 
15 year period, at least in  comparison  with  the magnitude of  the geologic  PAH  source. 

The temporal invariance suggests that the PAHs in the intertidal sediments at Constantine 
. Harbor and Rocky Bay are not subject to weathering processes that generally characterize 

petroleum  degradation in the marine environment (e.g. Fig. 4). The high  and persistent relative 
abundance of unsubstituted PAHs in these sediments further  contraindicates weathering 
influences. In addition, the absence of phytane in these sediments, and the absence of  the PAHs in 
the mussels at these  stations,  suggests  that  these PAHs are associated with a relatively refractory 
matrix. This matrix could be clay particles that have strongly adsorbed PAHs derived from 
petroleum seeps near Katalla, or alternatively, the matrix could be a form of coal in the  Copper 
River drainage  that has a pattern of relative PAH abundances that is low in dibenzothiophenes. In 
either case, the  PAHs from this  source  are evidently not bioavailable, as indicated by the absence 
of  these  PAHs in the mussels at these  two  stations. 

At stations along the Spill  path, the relatively  low concentrations  of PAHs derived from 
the  geologic  PAH  source external to PWS  suggests substantial depletion of  these  PAHs from the 
upper seawater column soon after  seawater  enters PWS through Hinchinbrook Entrance. PAHs 
from  this  source  were generally less than 100 ng/g in intertidal sediments at stations along the 
Spill path, including the highly depositional stations at Barnes  Cove and at Bay of Isles; therefore, 
this  source is probably not significant in intertidal sediments within the path of the spilled oil 
through  PWS,  although this source may contribute more substantially to subtidal sediments, 
especially deeper subtidal.sediments. 
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Table 2.--Comparison of TPAHs in  sediments at Constantine Harbor and at Rocky Bay during the periods 1977 to 1980 (Karinen  et  al., 
1993),  and 1989 to 1991 (this  study). Included are all PAHs measured  in  common to both sets of data. N = number of samples; SE = 
standard error. Units are ng PAWg dry  sediment weight. 

1977-1980 
Constantine Harbor 

1989-1991 1977-1980 
Rock Bay 

1989-1991 
EBH' N Mean SE N Mean SE N Mean SE N Mean SE 

Naph 1 1  . 4.67 0.47 16 5.30 0.57 8  4.50  0.66  19  6.47 0.82 
Menap2 
Menapl 

13 14.55 1.80 
13 11.65 1.71 

16 12.03  0.49 IO 7.74 1.32 19 7.14 0.43 
17 11.91 

Dimeth 
0.43 IO 2.29 0.52 19 3.34 0.64 

13 9.17 1.50 16 8.03 0.29 10 4.68 0.65 19 4.17 0.18 

Biphenyl 
Trimeth  13 6.81 0.84 16 5.58 0.13 I O  0.00 -- 19 0.55 0.10 

13 8.85 0.78 16 8.81 0.35 10 3.62 0.63 19 4.22 0.43 
Fluorene  13 3.43 0.44 16 3.57 0.11 IO 10.72 1.54 19 9.64 0.38 
Dithio 
Phenanth 

13  2.51 0.69 16 2.48  0.08 IO 1.78 0.68 19 1.16 0.10 
13  32.62 3.84 16 27.91 

Mephenl 
1.02 IO 37.89  5.92 19 29.32 1.24 

12 6.62 1.41 
Antha 

16 9.78 0.41 
13 0.09 0.07 

9 2.41 0.81 19 2.55  0.40 
16 0.00 ._ I O  1.80 0.47 19 1.60 0.37 

Fluorant  13 4.03  1.48 16 3.10 0.10 I O  9.74 1.50 19 5.97 0.54 
F'yrene 12 7.27 2.58 16 3.76  0.09 
Benanth  13  2.07 0.85 

8 12.61 2.19 , 19 6.90 0.51 

Cluysene 13  8.16 1.89 
16 1.32 0.10 10 1.31 0.49 18 1.08 0.32 
16 7.17 0.34 IO 13.03  2.72 18 6.48  0.79 

._ I O  0.85  0.73 19 0.42 0.25 
Pervlene  13 80.46 15.41  16 17.97 0.74 I O  33.30 5.34 19 13.79 0.87 
'PAH abbreviations are given  in Table 1-2,  Appendix I. 

B = P Y  13 5.29 1.47  16 3.57 0.17 IO 8.90  1.67 19 4.70 0.43 
BenaPY 13 0.40 0.33 16 0.00 

41 



Weathering 

Comparison of  the relative abundances of  EVO-PAHs in sediments and  in mussels at 
Sleepy Bay suggests  that  the composition of the spilled  oil changed little after May 1989. Losses' 
of less alkyl-substituted PAH homologues and of lower molecular weight PAHs (especially 
naphthalenes) were striking in the oil of Sleepy  Bay sediments and  mussels between early April 
and early May,  but were progressively less so over  the following two years. Consequently, the 
relative PAH abundance patterns depicted in Figures 4 and 7 should be reliable indicators  of  the 
spilled  oil  in sediments, mussels,  and in other matrices where  active biochemical catabolism or 
differential  physical partitioning are not factors. 

Moreover,  the comparatively small changes in the relative PAH abundance patterns 
between 1990 and 1991 suggests  that  the 1991 pattern may undergo subsequent alteration only 
very slowly so that substantially similar patterns may  be evident in contaminated sediments of 
PWS  for several additional years. 

Data Variability 

Most  of  the variability among TPAH and TNA concentrations  of  replicate sediment or 
mussel samples is probably due to real analyte concentration differences rather than to errors 
introduced during sampling or in the analytical laboratory. CVs were very low, usually less than 
15%, for  these analytes in sediments collected from Constantine  Harbor or Rocky Bay. 
Concentrations of these analytes varied little at these two  stations temporally, which suggests a 
distribution of  the analytes that is relatively homogenous in the immediate  vicinity of these 
stations.  If replicate variability were due primarily to sampling or subsequent analysis, then 
analyte variability consistent with other  stations would be expected at Constantine  Harbor and 
Rocky Bay.  However,  since  the variability of these analytes is lowest at the  two  stations where 
these analytes are most homogeneously distributed spatially, the higher  variability at the other 
stations is probably the result of more patchily distributed analytes at them. 

Conversely, CVs  of  TNAs in mussels were higher than in sediments, and were higher than 
TPAHs in mussels or sediments. This is probably due to dietary and nutritional differences among 
sampled  mussels. Most  of  the alkanes in  mussels, that did not contain the spilled  oil, were derived 
from marine  algal or terrigenous detrital sources that were probably ingested as  food. 

Restoration Criteria 

Results from this study for  stations that were not impacted by the Spill  may  be  used to 
determine quantitative  restoration criteria for beaches that  were oiled by the Spill.  In  general, the 
hydrocarbon results  of this study for  stations  outside  the path of the spilled oil, and for  stations 
sampled prior to spill  impacts,  confirm the conclusions of Karinen et al. (1993)  that  the intertidal 
area of PWS was nearly pristine (with the minor exception of depositional sites influenced by seep 
oils) with respect to petrogenic hydrocarbon contamination prior to the Spill.  This conclusion 
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derives from the sporadic  occurrence  of  PAHs in intertidal sediment and mussels at 
concentrations near detection limits observed by Karinen et al. (1993), and herein at  stations in 
western PWS  that  were not impacted by the Spill. The magnitude and composition of PAHs 
observed at these unimpacted stations may therefore be used as a standard for determining the 
restoration of oiled beaches. Specifically,  oiled beaches should be considered as fully restored 
when the dry weight TPAH concentration of (1) intertidal sediments is less than  100 ngg, and ( 2 )  
mussels is less than  about 200 to 400 ng/g, with the higher  mussel concentrations  due mainly to 
naphthalenes. 

CONCLUSIONS 

1. Mussels within or near the path followed by the spilled EVO  incorporated whole, particulate 
oil during the spring and summer of 1989. Oil contamination of mussels was highest during the 
two months immediately following the Spill at stations closest to heavily oiled beaches, and 
declined thereafter below detection limits by 1990 except at the most heavily  oiled beaches. 

2. Contamination of lower intertidal sediments by EVO was relatively slight, even at beaches that 
were heavily oiled in the upper intertidal areas. EVO  was  often not evident in these sediments, 
and when present, did not exceed 1,000 ng/g TPAH. Also, TPAH derived from EVO declined by 
a factor of about  ten annually in lower intertidal sediments where  EVO  was  detected in 1989. 

3 .  Intertidal sediments at stations near Hinchinbrook Entrance contain 300-600 ng/g TPAH 
apparently derived from geological sources external to PWS, but PAHs from this source  were not 
evident in intertidal sediments at stations within the path of spilled EVO.  The general absence of 
PAHs in PWS mussels from sources  other than EVO indicates a general absence of anthropogenic 
contamination of seawater in PWS  apart from the Spill. 

4. Results  for pristane in this  study confirm  an earlier observation of substantial increases of this 
alkane in mussels during spring which subside by late summer. 

5. Results from this study for stations that  were not impacted by the Spill may be used to 
determine quantitative restoration criteria for beaches that were oiled by the Spill.  Specifically, 
oiled beaches should be considered as fully restored when the dry weight TPAH concentration of 
(1) intertidal sediments is less than 100 ng/g, and (2) mussels is less than about 200 to 400 ngg, 
with the higher  mussel concentrations due mainly to naphthalenes. 
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Table I- 1 .--Deuterated surrogate hydrocarbon standards used for determination of alkanes and 
PAHs in sediment and mussels. The deuterated surrogate hydrocarbon standards, each identified 
by a  number in the left-hand column, are listed below, together with the quantification ion  mass of 
the PAHs, and the concentration in hexane of each of the  standards in the sample spiking solution. 
A 500 pL aliquot of this solution was spiked into each environmental or quality control sample 
analyzed. The numbers in the left-hand column are used to relate the calibrated hydrocarbon 
analytes listed in Tables 1-2 and 1-4 with the  deuterated standards listed here. 

Concentration in 
I.D. Quantification spike solution 
number Name Ion  mass (ndmL) 

1 Naphthalene - d,, 136 2.50 
2 Acenaphthene - dl, 164 2.50 
3 Phenanthrene - dl, 188 2.00 
4 Chrysene - d,, 240 2.00 
5 Benzo[a]pyrene - dl, 264  2.50 

I n-Dodecane - d, NIA 10.50 

9 n-Eicosane - d,, NIA 10.40 
10 n-Tetracosane - dso NIA 9.89 
11 n-Triacontane - dt, NIA 10.00 

6 Perylene - dl, 264  2.50 

8 n-Hexadecane - d,, NIA 9.79 
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Table 1-2.--Calibrated PAHs  determined  in  sediments  and  mussels. The calibrated aromatic  hydrocarbons, and  standardized abbreviations for them, are listed  below, 
together  with the number of the associated smogate standard (see Table 1-1 above), quantification  ion mass,  confirmation  ion  mass, and the mean ratio of these two 
ions in the calibration standards, of which  the  latter three are used for identification. 

Quantification  Confirmation 
PAH  Abbreviation  ion  mass ion mass ion ratio 

Expected 
I.D. number 
of surrogate 
standard  used 

Naphthalene 
2-Methylnaphthalene 

Naph  128  127 15 
Menap2  142  141 

i 

I-Methylnaphthalene 
88 

Menap 1 142  141 88 
i 

2.6 Dimethylnaphthalene  Dimeth  156  141 
i 

2,3,5  Trimethylnaphthalene 
67 

Trimeth  170 
2 

155 
Biphenyl 

90 
Biphenyl  154 

2 
152 

Acenaphthylene 
28 

Acenthy I52 
1 

153 
Acenaphthene  Acenthe  154  153 

13 2 

Fluorene  166 
99 2 

Fluorene 
Dibenzothiophene  Dithio 

165 
I84 

92 2 
I52 

Phenanthrene 
15 

Phenanth  178 
3 

176 
Anthracene  Anthra  178 

19 
176 

3 

1 -Methylphenanthrene 
18 

Mephenl  192 
3 

191 
Fluoranthrene  202 

57 3 
Fluorant 101 

Pyrene  202 
15 3 

Pyrene 
Chrysene  Chrysene 

101 
228 

19 
226 

3 
25 

Benz-a-anthracene  Benanth 228  226 
4 

28 
Benzo-b-fluoranthene  Benzobfl  252 253 

4 
22 

Bern-k-fluoranthene Benzoktl  252 253 22 5 
5 

252 Bern-e-pyrene BmePy 253 23 5 
252 Benzo-a-pyrene BenaPY 253 

Perylene  252 
24 5 

Pelylene 253 25 
Indeno-l.2,3  cd-pyrene  Indeno  276  217 

6 

Dibenzo-a,h-anthracene  Dibenz 278  279 22 
24 5 

Benzo-e.h.i-pervlene  Benzov  276  277  23 5 
5 
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Table 1-3.4Jncalibrated PAHs determined in sediments and mussels. The uncalibrated aromatic hydrocarbons, and standardized 
abbreviations for them, are listed below,  together with the quantification ion  mass  and retention time windows used for identification. 

Quantification Retention time 
Name Abbreviation ion mass  window (min) 

C2 - Naphthalenes 
C3 - Naphthalenes 
C4 - Naphthalenes 

C 1 - Fluorenes 
C2 - Fluorenes 
C3 - Fluorenes 

C1 - Dibenzothiophenes 
C2 - Dibenzothiophenes 
C3 - Dibenzothiophenes 

C2naph 
C3naph 
C4naph 

C 1 fluor 
C2fluor 
C3fluor 

Cldithio 
C2dithio 
C3dithio 

C 1 - Phenanthrenedhthracenes C 1 phenan 
C2 - Phenanthrenedhthracenes C2phenan 
C3 - Phenanthrenedhthracenes C3phenan 
C4 - Phenanthrenedhthracenes C4phenan 

156 
170 
184 

180 
194 
208 

198 
212 
226 

192 
206 
220 
234 

11.0 - 14.5 
12.5 - 16.5 
14.0 - 18.5 

15.0 - 18.0 
16.5 - 20.0 
18.0 - 21.5 

17.0 - 21.0 
18.0 - 23.0 
19.5 - 26.0 

17.5 - 20.5 
19.0 - 22.5 
20.0 - 23.5 
21.0 - 25.0 

C 1 - FluoranthenedPyrenes C lfluora  216  20.0 - 28.0 

C1 - Chrysenes Clchrys 242 24.5 - 27.5 
C2 - Chrysenes C2chrys 256 26.0 - 29.0 
C3 - Chrysenes C3chrys 270 27.0 - 3 1 .O 
C4 - Chrysenes C4chrys 284 28.0 - 33.0 
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Table 1-4.--Calibrated alkane hydrocarbons determined in sediments and mussels. The calibrated 
alkane hydrocarbons, and standardized abbreviations for them, are listed below, together with the 
number of the associated surrogate standard (see Table 11-1). 

I.D. of 
Name Abbreviation Surrogate  Standard 

n-Decane c-10 7 
n-Undecane c-I1 7 
n-Dodecane c-12 7 
n-Tridecane C-13 7 
n-Tetradecane C-14 8 
n-Pentadecane C-15 8 
n-Hexadecane C-16 8 
n-Heptadecane C-17 8 
Pristane Pris 8 
n-Octadecane C-18 9 
n-Nonadecane C-19 9 
n-Eicosane c-20 9 
n-Heneicosane c-21 9 
n-Docosane c-22 10 
n-Tricosane C-23 10 
n-Tetracosane C-24 10 
npentacosane C-25 10 
n-Hexacosane C-26 10 
n-Heptacosane C-27 11 
n-Octacosane C-28 11 
n-Nonacosane C-29 11 
n-Triacontane C-30 11 
n-Dotriacontane C-32 11 
n-Tetratriacontane c-34 11 
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Table I-5.--MDLs of calibrated PAHs  and  alkane  analytes in sediment  and in mussel tissue. These MDLs are given  as 

the sample dry weight. 
absolute masses in ng; MDLs for these analytes in specific  samples  were  calculated as the ratio of these absolute masses and 

Alkane  Sediment Mussel 

CIO 
c11 

61.8 134.0 

c12 
44.8 
67.0 

78.4 

C13 
51.0 

57.6 103.0 
C14 
C15 

45.0  196.0 
202.0 

C16 
181.0 

C17 
88.4 

113.6 
284.0 
379.0 

Pristane 
CIS 

210.0 
242.0 

204.0 
147.0 

Phytane 
C19 

242.0 147.0 
55.0 

CZO 108.4 
173.0 

c 2  1 
197.0 

94.2 
c22 62.6 

145.0 

C23 
54.1 

C24 
222.0 
350.0 124.0 

107.0 

C25 
C26 

75.4 73.0 
212.0 

C27 170.2 141.0 
74.6 

C28 
C29  152.4 

140.8 129.0 

C30 186.0 
239.0 

C3 1 
158.0 

186.0 
C32 

158.0 

c33 
242.0 110.0 

c34 
242.0 
144.6 

110.0 
64.4 
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Table I-5.--(Con’t). 

Aromatic  Sediment  Mussel 

Naph 10.14 
Menap2  9.44 

22.0 I 
9.94 

Menap 1 20.60 
C I naph 

13.06 
30.04 

Dimeth 
23.00 

19.50 
CZnaph 

7.03 

Trimeth 
19.50 
9.46 

7.03 

C3naph 9.46 
4.23 

C4naph 
4.23 

Biphenyl 
9.46 

43.00 
4.23 
7.52 

Acenthy 
Acenthe 

25.00 5.73 
12.14 5.40 

Fluorene 18.26 
Clfluor 

4.97 

C2fluor 
18.26 
18.26 4.97 

4.97 

C3fluor 18.26 
Dithio 9.64 

4.97 

C  1 dithio 9.64 
3.54 
3.54 

C2dithio 9.64 3.54 
C3dithio 9.64 
Phenanth  13.34 

3.54 
8.29 

Mephenl 
Clphenan 

27.20  5.57 
27.20 

C2phenan 
5.57 

C3phenan 
27.20 
27.20 5.57 

5.57 

C4phenan 27.20 
Anthra 33.20 

5.57 

Fluorant 
6.50 

b e n e  10.44 
9.12  11.79 

C lfluoranth 9.12 
9.75 

Benanth  3.34 
11.79 
4.28 

Chtysene 26.36 
c 1 chrys 26.36 

5.54 
5.54 

C3chrys 
c2chtys  26.36 5.54 

26.36 
c4chrys 

5.54 

Benzobfl 
26.36  5.54 

BenzoM 
12.22 6.01 
7.96 7.75 

BenePY 12.08 
BenaPY 

8.21 
32.20 

Perylene 
6.54 

Indeno 
11.68 9.41 
6.80 

Dihenz 
4.43 

4.94 
~ ~ o p  9.34 

3.76 
5.53 
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Table 11-1 .--Concentrations of  PAH in MUSSELS collected from  PWS,  Alaska, for this study. 
Tables 1-2 and 1-3 contain keys for  the PAH abbreviations used here. Tables 1 and 2 list the station 
names, numbers, locations, and collection dates  that correspond with those listed here. Stations 
established in 1977 described by Karinen et al. (1993) are italicized. Concentrations are means Of t7 

replicated determinations reported  as ng PAWg dry tissue weight; the mean sample wet and dry 
weights are also given. Total aromatics (i.e. TPAH) is the sum of  the listed mean PAH 
concentrations  with perylene excluded, followed by the standard error  of  the  sum. Hyphens indicate 
concentrations below MDLs adjusted for the sample weight. Only samples that had surrogate 
standard recoveries greater than 30% and less than 150% are included in this table; samples that 
were excluded on this basis are listed in Table 11-9. 
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Slallcil 
N a m  (x) 
Date coikded 
Mean wet wt. (g) 

c m  (1) 
Bam 

31-Ma-59 
9.91 
0.92 
3 

51.7 

222 
5.23 

20.2 

4.77 
12.6 

6.10 
13.0 

4.67 

CW(1)  
Barnes 

07-Apr-S 

0.88 
10.3 

3 

M.0 
6.23 
28.4 

17.5 

15.3 

3.67 

2.13 
4.34 
0.w 

7.74 
8.48 

17.2 
10.8 

5.01 

z m 7 a  3 

con (1) 
8 a m  

M Y -  

0.83 
10.8 

3 

24.3 

4.91 
2.83 
29.6 
10.5 
47.5 

8.08 
16.8 

2.96 
33.5 
24.5 

41.8 
12.3 

87.6 
59.6 
20.4 
28.3 
01.2 
144 
1 07 

6.48 
4.85 
2.50 

770tll 5 

con (1) 
B a r n  

Z A l U F B g  
9.43 
0.78 

3 

1 m  

5.94 

5.W 

5.57 
7.40 
1.37 

8.23 
18.1 
16.4 
13.5 

195i43 2 

C M ( 1 )  
BMvr 

17-Aq-63 
9.50 
0.60 
3 

14.5 

8.28 

2 . 4  

4.49 
14.1 

3.22 

2.76 
4.72 
4.1 t 

4.00 

5.16 

3.39 

71 2t13.4 
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Name (#) 
Dale wueded 
Mean wet wl. (0) 
Mean  dry st. (0) 
N 
PAH’r(nglg) 

Naph 
Menap2 
Menapl 
Dimelh 
CZnaph 
Trimelh 
C3naph 
c-ph 
Biphenyl 
A m l h y  
Acenlhe 

C l f l w i  
Fluume 

CZflW 

Dilhlo 
Cldiihb 
C2dilhb 
C3diiio 
Phenanlh 
Mephenl 
C1phew 
CZphenan 
C3phenan 
c 4 p h e m  
Anlhra 
Fluuanl 
+ne 
Cll!uuon 
Benanlh 
Chrysene 
Clchrys 
c2chrys 
C3chlp 
C4chw 
Benzobfl 
Beraokn 
B e w y  
Benapy 
Perylene 
lndeno 

0enrop 
Dibenz 

c 3 n ~  

Tdal ArornalKs 
(WlO Perylsnr) 

Irks R) 
Bay of 

3aWr40 
10.4 
0.M 

3 

71.6 
11.3 
12.2 
4.35 
31.6 

27.5 
2.53 

208 
4.78 

24.6 
10.6 
16.3 

1.82 

3.68 

33.5 

8.47 

4662212 

Bay 

WApf.89 
l S l a  (2) 

9.50 
0.74 

3 

111 
838 
101 
07.2 

806 
367 

407 

33.2 
303 

P . 6  
886 
236 
inn 
89 0 
253 
586 
558 
141 
120 
525 
0% 
844 
1 87 

79.5 

75.4 
101 
89.3 
30.3 
2.62 

55502943 

lskr (2) 
Bay  01 

&May40 

0.73 
10.4 

2 

22.2 
32.1 

66.2 
445 

279 

688 
lo3 

21.4 
584 

21.0 
143 
521 
678 
lffi 

my) 
648 

MBO 

303 
2w 

JIM 
1 W  

3040 
835 

24.2 
21  .8 

6.50 
267 

293 
436 
209 

5.99 
1 3 8  

25.3 

506 

lBMOt1540 

k h  9) 
Bay  01 

24-JW.40 

0.84 
10.1 

3 

6.08 
108 

4.70 
13.3 
346 
27.7 

210 
106 

58.7 
206 
387 
29.0 
237 
81  7 
835 
66.2 

562 
140 

1370 
1600 
630 

M.9 
307 
168 
11.6 

209 
176 

100 
88.2 

26.2 
11.6 

38 3 

8500*579 

kks (2) 
8.y o( 

I&A~u(l40 
9.42 
0.58 

1 

107 
150 

430 
14.3 

118 

33.4 
237 
366 
190 
20.2 
684 
34 
438 
403 

u . 5  

71 .O 
124 
124 

2530 

I* (2) 
Bay of 

2 5 A p - 8 0  
7.62 
0.70 
2 

11.0 

5.80 
13.3 

25.7 
4 . 8  
41.5 
449 

6.58 
6.92 
3.96 

205243 7 

Isla (2) 
Bay of 

lBApf-9l 
8.58 
0.55 

3 

11.9 

26.3 

5.86 
8.75 

14.3 
10.8 

0.48 
15.0 

112257.0 
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9.59 
0.77 

3 

98. 7 
11.7 
16.8 

16.4 

3.06 
M. 7 

11.6 
13.0 
1.83 

4.75 

8.54 
5.21 

3.46 

225i51.2 

10.2 
0.99 
3 

52.1 

11.2 

5.33 

1.40 
4.32 
1.42 
4.11 

0.97 
9.05 

32.6 
12.5 
1.98 

a.25 

125t4.60 

Wand (3) 
w 

1EJUn-89 
10.3 
0.96 

3 

253 

11.9 
18.9 

6.78 

2.41 
2.33 
4.30 

2.w 
2.63 

7.21 

3 1 2 t l l l  

idand N 
w 

15Aug49 

0.59 
9.74 

3 

3.91 

22.6 
4.56 

9.54 

6.39 

47.lt33 3 

0 
sroh 

2EApr-90 

0.02 
8.77 

3 

4.31 

4 31t4.31 

w(u 
w 

21JUn-00 
8. (Io 

0.83 
3 

7. Is 

4.16 
18.8 

16.3 
15.4 
14.7 

8.45 
10.4 

4.29 

24.5 

120t113 

5a 

idand (3) 
sroh 

0 5 A w D o  
11.0 
0.82 

2 

5.17 

3.72 

8.89t1.45 

I s l a n d  0 
srah 

17-An41 

0.69 
9.16 

2 

5.31 

4.36 

9.67t0.95 





lQ.3 
0.89 
3 

5.30 
113 

9.19 

19.8 

8.24 

10.4 

5.4S 

5.19 
1 3s 

1 .w 

13.7 

193*19.6 

10.6 
0.79 
2 

8.15 
527 

25.9 
5.84 
34.3 

82.1 
14.4 

21 1 
5.96 

3.m 

je.9 
19.6 

27.4 
15.3 
61.3 
172 
1 52 
7.94 
38.6 
152 
295 
i24 
20.6 

7.97 

31.4 
57.7 
57.9 

5.40 

178ot13.4 

Bay (3 
Crab 

l S J U n 8 9  

9.m 
0.76 
3 

58.2 

9.23 

14.2 
2.07 
22.5 
13.8 

2.92 

9.77 
23.3 
8.67 
1 . E 3  
13.3 
25.7 
23.0 
10.3 
8.47 
37.6 
54.3 
42.4 
10.3 

6.50 
8.73 
3.20 

4MHxn 

Bay (5) 
Crab 

17-Aug4S 

0.75 
10.1 

3 

5.09 
7.31 

5.46 

5.02 
3.48 

3 . n  
7.M 
10.7 
7.35 

51.4t26.0 

Bay (5) 
2BAp-go 

8.32 
0.81 
3 

Crab 

3.78 

3.78t3.78 

W (5) 
Crab 

mwcw 
8.10 
0.95 
2 

7.92 

4.91 

5.40 

16.3i7.45 

60 

w (5) 
Crab 

0 7 - A W  
10.2 
0.88 

3 

12.7 

16.3 

12.2 

23.9 
24.0 

2.37 

5.30 
11.7 

8.15 
15.4 
9.99 

8.24 

25.3 
18.8 

17.2 

3.60 

207f13.9 

w (5) 
Crab 

ZOAp-Sl 
8.40 
0.72 
2 

8.23 
17.9 
19.6 

28.2 

4.56 

78.5*10.9 



Prince  William  Sound nu%d samples 
Slalion  Elrington  Elrington 
Name (X) 
Dale cdlnted 
Mean wet w l .  (9) 
Mean dw w t  (g) 
N 
P A W W )  

Naph 
Menap2 
Menapl 
Dirnelh 
C2naph 
Trirnelh 
C3naph 
C4naph 

Acenlhy 
A w l h e  
Flwma 
c l n w  
C M W  
c 3 n w  
Dlthii 
Cldilhlo 
CZdilhio 
C3diihio 
Phenanlh 
Mepknl 
Clphenan 
C2phenan 
C3phenan 
c 4 p m  
Anlhra 
F l m n l  

C l m  
Pvem 

Benanlh 

Biphenyl 

ChrYwW 
C l c h l p  
CZhrYs  

C4chryr 
m h l p  

8enzobn 
8 e f i z O M l  
Benepy 
Benapy 
Perylene 
lndem 
Dibenz 
BeWOp 

TDlalAromaIics 
(WlO Perylene) 

lOMaq.69 
Island (6) 

10.6 
0.84 

3 

16.0 

a . 5  
16.6 

247 
67.0 

1150 
674 

6.71 

10.3 
172 

1410 
825 

65.3 

781 
2610 
3890 

31 1 
113 

3840 
1380 

2590 

43.5 

13w 
47.1 

19.5 
357 
m 
669 
31 7 
72.4 
50.2 

94.3 

41 m 

6.79 

lsJun-89 
Island (6) 

10.0 

3 
0.n 

56.1 

14.7 

29.0 
16.0 

244 
510 

761 
104 

1470 
276 
578 
3yx) 
4120 
68.0 

1 no 
239 

4620 
6493 
2080 
2.97 

99.9 
71.7 

w4 
30.3 
692 
1280 
884 
422 
66.2 
73.3 

1  27 
5.04 

12.6 

275Mt1120 MlWEGY3 

Island (6) 
Elrhglon 

I ~ - A ~ & F ~ S  

0.80 
10.1 

2 

4.51 
27.3 
154 

216 
15.0 

250 

56.7 
340 
624 
10.6 
15.5 
84.2 
41 3 
768 
661 

4.87 
196 

85.0 
215 
196 

9.81 
1  07 

8.20 

19.7 

m i  I890 

Island  (6) 
Elrington 

26-Apr-90 
7.95 
0.89 
3 

14.0 

2.70 

5.37 

1.85 

2.w 
7.45 

2.22 
11.4 

4.19 
11.2 

11.9 

6.59 
7.71 

1.97 

90 5f41.E 

Island (6) 
Elrington 

23-Jun90 
8.68 
1.10 
3 

4.36 

5.44 
21.7 
2.37 

2 2 . 4  

18.2 

14.0 

3.64 
20.8 
12.2 

2.88 
6.01 
12.8 

2.20 
10.2 
19.7 
24.5 
4.24 

7.22 
5.61 
1.91 

24.3 
1.81 

2412123 

Idand (6) 
Emngton 

07-Aug-90 
11.1 
1 .25 
3 

28.7 
146 
79.1 
556 
583 

6.48 
80.3 
290 
226 
25.4 
183 
328 
241 
4 9 . 6  

993 
286 
450 

70.7 
314 

4.36 

7.73 

6.56 
4.15 

3BM)i167 

61 

Island (6) 
Elringtm 

IOApr-91 
8.98 
0.81 
3 

23.3 

35.5 

2.50 

5.22 

3.44 
9.59 
2.48 

7.81 

5.67 
7.48 

103i22.1 

 land m 
Green 

W A p r i i  
8.79 
0.82 
2 

954 
7420 
59so 
6810 
8220 

367w 
6540 

21 900 
1  240 

1340 

101w 
5540 

71W 

128w 
44ea 

178w 
103W 
e440 
49M 
pwo 
2)6M) 

17wO 
1790 

282 
435 
M90 
53.4 
1  240 
1870 

1230 
754 

378 
182 

63.6 
329 

39.3 
17.0 
15.5 
61 0 

234wM324W 



9.51 
0.67 
3 

298 
58.3 
15.7 

13.1 

2.20 
72.5 

22.1 
8.86 
15.8 

3.73 
2.96 
1.86 

3.09 

5.24 

4.95 
10.2 
8.01 

52a150 

Naked 

oSApr-39 
Island (8) 

9.93 
0.79 
3 

1 37 
S5.6 
90.8 
80.1 

86.6 
374 

598 

28.4 
425 

17.1 

344 
125 

303 
53.7 
277 
629 
551 
111 
135 

ggo 
735 
212 

570 

64.7 

86.9 
73.7 
73.9 
36.4 
2.37 

69eQi245 

1.10 
3 

73.2 

1.92 
21.5 
5.44 
56.6 
1 27 
11.6 

10.2 
78.1 

3.43 
120 

82.3 
273 
340 
24.7 
31.5 
136 
471 
542 
212 

4.01 
3.51 
38.1 

46.5 

9.39 
47.5 
77.8 

2790f66.3 

1.21 
3 

8.22 
1 24 

11.7 

9.33 

10.8 
13.9 

5.45 
14.8 
18.3 

8.63 
32.6 
44.2 
2.59 
3.76 
25.0 
61 .8 
93.1 
38.5 

3.03 
7.93 

12.2 
12.8 

6.56 
13.3 

1.70 

58Dt92.5 

Island (8) 
1SAug-39 

10.0 
0.73 

3 

Naked 

a . 4  

4.97 
2.33 
4.68 

3.32 

52.1 
12.7 

3.91 
15.1 
15.7 
5.14 

30.4 
11.1 

43.2 
8.73 

3.13 
7.56 

2Mt1.64 

Naked  Nakad  Naked 
Idand(8) Ir(and(8) I s l a n d  (8) 
24-Ap-90  21JubSO G5-Aw-W 

8.83 
0.97 

8.21 
1 .M 

10.4 
1 .a3 

3 2  2 

10.2 

7.86 

10.6 

4.m 

5.83 

16.lf7.31  468t4.68 

(8) 
Naked 

15-Ap-91 
9.37 
0.86 
3 

17.1 

2.67 

2.23 

2.41 
2.15 
2.67 
2.48 

2.45 
5.34 

3.56 
7.w 
6.48 

6.82 
6.63 
5.00 

4.74 

2.57 
5.37 

82.S32.8 
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Bay PJ 
Olsen 

(MApr-89 
9.99 
1.03 
3 

1 n  
12.2 
13.1 

10.6 

6.53 

1.77 
21.1 
13.0 

11.5 

9.27 
3.57 

1.83 

281*109 

&en 

Of-May-89 
Bay PJ 

0.91 
10.1 

3 

47.6 
3.47 

3.10 

40.0 
4.04 

6.85 
15.5 
10.9 

5.11 

2.13 

6.04 
4.48 

5.75 

155t5.31 

Bay PJ 
OLMn 

t a m - 8 9  
9.00 
0.72 

3 

347 

46.3 
31.3 

4.46 

5.09 

5.46 
1.97 

3.54 

2.26 

447t119 

Bay (OJ 
za~pr-90  

Olsen 

8.52 
0.84 

3 

3.14 

4.89 
2.79 

6.98 

1782112 

3.46 
10.1 
2.40 

3.58 
11.3 

10.4 
17.1 
8.70 

1.62 
9.76 
4.38 

1.33 
1.18 

23.3 

1.36 

104t60.5 

Bay PJ 
&en 

09-Aup9O 
10.0 
0.82 

2 

7.99 
3.42 
17.0 
14.7 

9.51 
8.92 
7.06 
2.78 
8.56 

23.9 
19.0 

4.21 
16.3 
29.5 
43.3 
11.6 

10.1 

7.70 
11.5 

2mi245 

Bay (OJ 
(Man 

1SApr-91 
9.62 
0.91 

2 

3.95 

3.95t3.95 





Mean dry wt. (g) 
N 
PAH'r(ngg) 

MeMp2 
Naph 

Menap1 
Dimelh 
C h p h  
Trimelh 

C4naph 
C3naph 

Biphenyl 
Acenlhy 
Acenlhe 
F b W W  
C l f l W  
C M W  
c3fluw 
Dilhb 
C1 dthm 
C2ddhh 
CWihb 
PheM6llh 
Mephenl 
Clphenan 
C2phenan 
CSphenn 

Anlhra 
C4phenan 

Fluorant 

C l f l w n  
pyr- 

Benanlh 
Chrysew 
Clchrys 
c m r y s  
CWrys 
C4chrys 
Benmbfl 
BWUOM 
Benepy 
Benapy 
Peryilene 
lndeno 
Dibenz 
B W O P  

Tdal Aromallcs 
( W h  PeMene) 

1.02 
3 

335 
32.5 
11.8 

12.4 

8.M 
44.0 

2.88 

5.45 
32.5 
23.5 

2.55 

3.10 

0.44 
6.51 
4.64 
2.50 

7 .e  

544t114 

R W  

M Y -  
BaY(w 

10.3 
1.25 
3 

9.56 

1 .a 
3.41 
17.7 

23.6 
236 

2.86 

1.61 
28.4 
20.3 
1.32 
15.2 
36.3 
34.7 
14.3 
14.7 
39.3 
88.7 
71.4 
16.7 

10.2 
8.15 
7.82 

2.M 

474t49.3 

Bay(11) 
R W  

21Jwt89 
9.90 
1.23 
3 

246 
24.7 
20.1 

5.62 

6.56 
1 . i4  
3.20 

2.90 

1 .m 

6.85 
13.6 

4.29 
11.4 
13.3 

14.4 
23.7 

7.27 
25.4 

3.17 

1.77 

437t178 

W ( W  
RWkV 

mu089 
0.84 
0.85 
3 

28.0 
1 . m  

3.46 

2.54 
9.70 
5.01 

I .52 
2.82 
5.12 

3.08 
2.67 
n . 1  
2.33 

2.58 

93 St32 2 

BaY(10 
R W  

2SAp-W 
8.83 
0.59 

3 

3.37 

3.95 

4.50 

5.83 

2.27 
2.46 

22 4i11 2 

65 

W ( W  
R a k V  

0aAW-W 
11.1 
1 .M 

3 

3.77 

3.17 
12.0 

12.7 

8.87 
2.37 

3.87 
14.3 

16.4 
11.7 

5.88 
6.82 
9.84 

1.67 

108t43.9 

BaY(l1) 
R W  

02*-91 
8.84 
0.71 
3 

87.7 
13.0 

2.71 

1.02 
5.21 

10.6 

10.6 

24.5 

6.33 

8.92 

163t22.l 



BBY fl2) 
shvarh 

29-Mar49 
10.1 
0.88 

3 

216 
23.0 
10.0 
3.08 
13.9 

5.86 
,604 

26.0 
14,s 
17.4 

3.77 
3.37 
3.00 

- .  
3.33 
2.70 
5.37 
3.17 

13.2 
1.93 

5.43 

44ot153 

Bay (12) 
Swash 

03May-89 
10.4 
0.80 

3 

16.3 

3.67 

3.53 
16.7 

2.03 
21.7 
12.0 

5.23 

2.74 

13.7 

97.6t5.83 

Bay (12) 
smash 

16Aug89 
10.5 
0.80 

2 

57.0 
2.94 

5.72 

4.64 
82.4 
17.2 

0.85 
18.4 
7.36 
6.00 

17.3 

7.41 
18.9 

6.00 

8.59 
4.51 

274t61.4 

Bay (12) 
2wpT-90 

0.79 
8.21 

3 

Shvash 

3.96 

9.37 
14.3 

1.57 

3.00 

32 2t16 6 

Bay (12) 
Shvarh 

2Wun.90 
9.29 
1.41 
3 

4.62 

2.47 
1.41 

1.18 
3.48 
7.76 
9.17 

11.7 
3.99 

1.55 
1.38 
8.66 

5.64 

3 23 

60.4t23.6 

Bay (12) 
w a r h  

W-AW90 
11.0 
1.22 
3 

7.41 

6.04 

4.29 
18.0 

13.0 
1.25 
12.3 

5.72 
7.42 

2.04 

68.1*36.0 

Bay f121 
.%varh 

1SApr-91 

0.72 
8.50 

2 

16.7 

11.1 

7.56 

6.59 

4.12 

20 9 
11.2 
2.50 

5.59 

5.44 

91.6t36.0 
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Prince  Wuliam Sound murrel samples 
SlatLon 
Name  (#) 
Dale cnlleded 
Mean  we1 W. (e) 
Mean dryw(. (g) 
N 
P A W W g )  

Naph 
m M p 2  
Menapl 
Dimelh 

Trimelh 
c2naph 

c3Mph 
C - P h  
Biphemll 
Acenlhy 
Ace* 
Fluvene 
Clnwr 
C M W  
CJflW 
D t M  
C l d W  
C2dahii 
CWihb 
Phenanlh 
Mephenl 
Clphenan 
C2phenan 
CJpheMn 

Anthn 
C4phenan 

Flwnnl 
ppeno 
C l r n r a  
Benanlh 
C W W  
Clchrys 
C2chrys 
C3chrys 
C4chrys 
Benmbfl 
BenzoMl 

Benapy 

lndeno 
Dibenz 
Bemop 

Tdal Aromatics 

B ~ P Y  

Pery(e"e 

(WIO Perylene) 

~ ~ ( 1 3 )  
Sleew 

07May-99 
9.80 
0.M 

3 

7.W 
238 
243 

3010 
755 

1530 
lM00 
10100 
93.7 

in 

5650 
1000 

651 0 

14Ma 
rnW 

13700 
1450 

1" 
2140 

18300 
182M 
7340 
$7.9 
2661 
324 
3020 

m 7  

3090 
2900 
1710 
628 
1 70 

327 
43.4 

7.26 
10.4 
45.2 

1 700 

BV (13) 
S+-QY 

17-Aug-99 
10.2 
0.69 
3 

2 9 . 3  

45.7 
11.5 

80.0 
476 
$31 

159 
1130 
2090 
24.2 

J9M 
688 

42.8 
180 

4s?rJ 
112-2 

mo 
3370 
6.71 
88.5 
82.0 

37.2 
742 

1780 
729 

1510 
983 
297 
134 

225 
27.8 

690 
7.74 
41 2 

5180 

Bay (13) 
Sleew 

26-Apr-W 
7.85 
0.93 

3 

33.0 
86.1 

3.10 
88.5 
216 

37.5 

652 
355 

4.59 
11.2 

443 
128 

806 
523 

106 
3.M 
128 
198 

94.8 
189 

2.13 
7.76 
7.87 
41.6 
146 

Bay  (1 3) 
sleepl 

23.JI.U-W 
8.99 
1 .25 
3 

6.20 

5.11 
3.82 
48.2 

43.1 
4.88 

59.5 
8.58 

8.51 
80.5 
89.9 

28.0 
1.78 

130 

5.29 
194 

6.46 
W.6 
165 
304 
144 

3.58 

62.0 

53.3 
116 
101 
39.5 

6.35 
13.4 

Z . 5  

3.10 

1830t69.3 

w (13) 
Sleepl 

07-AUpW 
9.25 
0.86 
3 

24.5 

58.9 
16.2 

69.0 
523 
$33 

109 

1110 
697 

20.8 

2110 
455 

2950 
48.1 
240 
803 
2980 
4270 
1  700 
13.8 
42.8 
62.3 
440 
8.57 
31 5 
677 
688 

55.8 
397 

g4.8 

114 
4.27 

1.27 
9.86 

w (13) 
S k P v  

10Ap.91 
9.16 
1.13 
3 

7.89 

2.19 
15.8 

28.1 
1.45 

76.4 

13.1 

278 
1  47 

31 .S 
13.5 

181 
464 
rn 
11.9 

73.5 
10.1 

5.49 
79.9 
175 

44.9 
119 

11.9 
6.77 

34.7 

217WX1510 203Ot96.6 
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Table 11-2.--Concentrations of alkanes in MUSSELS collected from PWS, Alaska, for  this  study. 
Table 1-4 contains a key for  the alkane abbreviations used here. Tables 1 and 2 list the station 
names, numbers, locations, and collection dates  that  correspond with those listed here. Stations 
established in 1977 described by Karinen et al. (1993) are italicized. Concentrations  are means oft1 
replicated determinations reported as ng alkandg dry tissue weight, the mean sample wet and dry 
weights are also given. "ALKANES" indicates the mean of the sum o f  all alkanes detected, and 
"UCM" indicates the unresolved complex mixture. "Total NAlkanes" is the sum of the listed  mean 
normal alkane concentrations (i.e., pristane and phytane excluded), followed by the standard error of 
the sum. Hyphens indicate concentrations below MDLs adjusted for the sample weight. Only 
samples that had surrogate standard recoveries greater than 30% and less than 150% are included in 
this table; samples that  were excluded on this basis are listed in Table 11-10, 
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B a m a  
cow ( 0  
Barm 

2&Apr-91 

0.61 
8.70 

3 
0.82 
2 

ClWk 
Cllalk 
C12alk 

Cl4alk 
C l W  

CISalk 
CIGalk 
C17alk 
P*lan0 
cmm 
Phy(ans 
CIsllk 
CZOslk 
C21alk 
C22ak 

C24ak 
Crjalk 

C25alk 
C26alk 
C27ak 
C28alk 

CJaalk 

C32alk 

C*k 
ALKANES 
UCM 

c a m  

c31am 

cwm 

114 
25.5 
36.0 

304 
47.3 
n . 2  

E36 

19.5 

W.5 
423 
280 
136 
281 

530 

97.1 
54.7 

280 
169 

631 

47.7 
105 
112 

73.8 

342 

zw 
59.5 

83.1 
287 

us0 
I 24 

47.1 
46.0 
M.0 
57.0 
42.8 
34.1 
40.8 
46.1 
44.1 
31.8 
57.1 
333 
45.3 
29.6 
62.6 
Jg.0 
55.7 

am 
32300 

I28 
1310 
580 
llso 
1uO 
29.1 

524 670 568 

255 1150 
94.5 
151 

4w 

36.8 

15.8 
u . 2  62.7 

65.6 47.8 

141 

108 
61.5 

79.5 
72.0 
178 

37.4 

I80 

42.0 

1- 
7050 3m 

401w 
7870 

403oO 16600 
ea30 2810 

185 

4610 

mi252 E34*286 107M163 144otlYIo 38oot7D5 s S i l 1 8  



Name (it) 
Date dkcted 
Mean wet wl. (9) 
Mean dry wl. (g) 
N 
Alkanes (Wg) 

ClOalk 
Cllalk 

ClJalk 
C12alk 

C 1 M  
ClSalk 
ClWk 
C17alk 
Pristam 
ClBalk 
Phflane 
CIQaR 
CiVdk 
C2lalk 
C22alk 
CZ3aR 
C24aR 
C25alk 
Cmlk  
C27ak 
CZBalk 
C a l k  
C3Mk 
C3lalk 
C32ak 

UCM 

Tdd 
NAlkaner 

0ay Of 

MMar -63  
Isks (2) 

0.56 
10.4 

3 

41.4 
33.5 
64.9 

, 3 5 9  

la4 

36700 
3uo 

4 m n . 2  

Bay of 

oBApr-89 
I* (2) 

950 
0.74 

3 

312 
194 

404 
575 
750 
510 
498 
llso 
379 
782 
342 
410 
470 
502 
474 
598 
81 1 

1180 
ea 
589 
174 
70.6 

1 5 M  
ZBlW 

mYJG20 

lSkS (2) 
Bay of 

0s-May49 
10.3 
0.72 
3 

291 
255 
503 
382 

m 
117 

201 
453 

21 50 
506 
511 
475 
440 
478 

453 
710 

561 
756 
571 
7a4 
529 
294 
381 

274 

294 

ps" 
4alW 

071DtlUy) 

lsks (2) 
Bay of 

24JunB9 

0.64 
10.1 

3 

28.2 

64.0 
118 

1850 
ea 
633 
1410 
762 
1SW 
846 
1280 
1240 
PM 
1570 
1890 
1740 
1180 
779 
4% 

253 

w 7 m  
75 .0  

Isles (2) 
Bay of 

1 B A W  
9.67 
0.58 

3 

BJ.1 
139 
124 
798 

320 

sa 

96.1 
143 

x)4 
514 
280 
340 
106 

424 

148 

1noo 
13Mw 

173ak6670 3-5lotBa) 

ISkS (2) 
Bay of 

2 5 - A @ O  
7.62 
0.78 
2 

334 
116 
63.9 

107 
1 W  
164 
262 
z94 
209 
125 
268 
2w 
2w 
185 
w.5  
91.1 
152 
56.1 
153 
1 M  
112 
178 
165 
109 
117 
102 

131W 
8woo 

4 S m x i l O  

Irks (2) 
w Of 

PJun-9a 
8.28 
0.80 
2 

267 
39.3 
116 
239 

12w 
332 

396 
571 
81 1 
242 
452 
238 
422 

238 
1 73 

127 
48.8 
195 
145 
188 
27.7 
a3 
I 47 
(OB 

42.7 

1- 
3-51 W 

Isles m 
Bay 

oS-Al&i-W 
9.85 
0.74 
2 

71.1 
114 

914 

275 
378 
215 
228 

133 
255 

154 
56.8 
175 

151wO 
116wo 

Ides (2) 
By Of 

lSAp-91 

0.51 
8.1  1 

1 

wo 
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Slalkn 
Name (a) 
Dale diected 
Mean we1 w t  (p) 
Mean dry W. (g) 

Alkanes (WO) 
N 

ClDalk 
Cl lak  
C12& 
Cl3alk 
Clrlalk 
c15alk 
ClGalk 
Cl7alk 

C lmk 
Pristane 

Phytane 
ClWk 
C2Dalk 
CZIalk 
C a l k  
C m l k  
C24alk 
C a l k  
C a l k  
C27alk 
C28alk 
CZ9M 
C30alk 
C31alk 
C32alk 
C33alk 
C34a1k 
ALWNES 
UCM 

TOW 
N A k W  

Island (3) 
srsh 

ZSMar-89 

0.77 
9.59 

3 

219 

39.5 
3 6 7 .  

3240 
632W 

20Bt36.0 

srsh 

02-May49 
Island (3J 

0.99 
10.2 

3 

15.4 

199 

45M) 

s . 5  
68.3 
85.4 
106 
88.1 

09BD 
97M) 

smt270 

Wand (3) 
srah 

I&Jun-89 
10.3 
O.% 

3 

43.4 
45.2 

732 

128 

3720 

Island (3) 
Srah 

15Aug89 
9.74 
0.59 

3 

192 

578 

326 

5890 
14ooo 

Island (3) 
ersh 

25Apr-90 
8.77 
0.82 

3 

43.3 
142 

50.2 
39.4 
101 
448 
146 
179 

2010 

13.1 

14.6 

31.8 
12.9 
26.3 

27.3 

565m 
5970 

IsIand (9 
srah 

21Jun-90 

0.83 
8.89 

3 

414 
169 
190 
159 
2w 
752 
103 
829 
285 
19.5 

21.6 

16.2 

42.5 

35.4 

32.0 

8150 
363 

28dw 

Island (3) 
m* 

05Aug90 

0.82 
11.1 

3 

14Mx) 
3 150 

wand P) 
@w 

17-Apr-91 
9.m 
0.72 

3 

28.0 

102 

2580 
72300 

21bt46.4 TI l t220 1 2 ~ 1 0 2 0  33%1220 130t130 
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Mean dw wt. igj 
N 
A l b m  (Wg) 

Cllalk 
C l W  

Ci%k 
c14alk 
c15alk 
Clsalk 
C17ak 
P N a M  
Cl8ak 

Clsak 
PhMW 

C a l k  
C2iall 
CP.M 
CZJalk 
c24ak 
C25a l  
C a l k  
c z a r  
C a l k  
CZWk 
C W  
C31& 
CSak 
CJ3ak 

ALKANES 
C34ak 

UCM 

ldd 
NAkanm 

cmm 

0.77 
2 

124 

99.3 
1 M  

616 

548 

18100 
1- 

0&276 

Constanbin, 
HaliJof (4) 
25Apr-90 

0.66 
5.03 

1 

461 
154 
121 

194 
1260 
492 
543 
1130 
195 
168 
261 
a3 
146 
106 
is 
168 
124 
106 
1 75 
101 
141 
08.9 
181 

130 
159 

6960 

5660 

cOnsta"~0 
Harlmr (4) 
22-Jun-90 

0.83 
8.31 

3 

458 
43.1 
96.8 
30.0 

10.70 
120 

138 
206 
103 

15.6 

15.1 
24.7 

37.0 

32.1 

358 

5790 
42w 

22BOt1540 

72 



Slaliin 
Name (#) Bay (5) 
Dale COllKted 01-Ap89 
Mean wet wt. (0) 10.3 
Mean dly wt. (0) 0.59 
N 

CRh 

A m =  (we) 
ClOalk 
Cllalk 
ClZalk 
C13alk 

ClSalk 
C14alk 

ClGalk 
Cl7alk 
Prislans 
CIBalk 
Phylane 
C l W L  
C20alk 
CZlalk 
C22alk 
C23alk 
C24alk 
C25alk 
C26alk 
C27alk 
C28alk 
C a l k  
C3Oalk 
C31alk 
C32alk 
C33alk 

ALKANES 
C34aL 

UCM 

Td?d 
NAlkam 

3 

72.0 
43.5 
37.5 
35.9 

372 

295 

1 57 

u50 
34ml 

64h97.8 

w (5) 
Crab 

07-Maya0 
10.9 
0 87 

1 

155 

113 
112 

120 

358 

95M) 

214 

81.1 

134 
106 
1 79 
304 

287 

244w 
721 W 

1850 

W (5) 
Crab 

1S.Jun-89 
9.98 
0.76 

3 

61.0 
236 
1 70 
153 

148 
2.20 

ZOQ 

164 

103 
40.2 

4L.3 
30.6 

49.6 

17Mo 
87800 

1 m 7 0 2  

Bay (5) 
Crab 

17-Aug.89 

0.75 
10.1 

3 

281 
444 
86.6 

181 

563 
150 

281 
149 

153 

21 1 

82.2 
161 
119 
115 
133 

8780 
8930(3 

m380 

Bay (5) 
Crab 

m A p - 9 0  
8.32 
0.81 
3 

37.6 
l f f i  
58.6 

243 
336 
61 W 

25.5 
16.7 

20.3 
15.5 
13.9 
13.3 

25.8 
19.1 

17.2 

19.3 

23.0 
10.3 

15.7 

Jo.3 
30.5 

22 1 

126M 
93300 

280 

1-732 

(5) 
Crab 

zuun-90 
8.6s 
1 .w 
3 

w 
19.1 
4 5 . 9  
2 3 . 5  

72.7 

284 
979 

74.3 
17.1 

i27 

sn 

mm 

10.3 
19.9 

51.9 
17.7 

97.4 
13.2 

24.8 

31.2 
13.5 

1- 
04700 

287Oi1010 

crab 
Bay (5) Bay (5) 

Crab 

07-Auggo 20Apr-01 
10.2 8.40 
0.86 0.72 

3 2 

2w 
116 

205 
158 

89.2 5% 
I19 

525 754 

394 1- 

75.1 

185 

75.8 

242000 
15500 IOBM) 

865Ml 

13lOtsB.4 SgBf65.9 



Clcalk 
c t t a k  
Ct2alk 
cmm 
Cl4alk 

C16aIk 
C15alk 

Cl7alk 

C1&* 
Phytun 
ClgaR 
CZoIk 
C21ah 
C a l k  
C23ak 
C24ak 
C2Wk 
C26alk 
C27aM 
C28ak 

CMak 
C3lak 
c32alk 
CUa* 

ALKANES 
C34alk 

UCM 

TCM 
NAlklnr 

PrhtSM 

czsam 

10.6 
0.84 

3 

448 
m 
1 24 

,620 

I M W  
425 
1350 
331 
61 1 
453 
440 
289 
458 
844 
897 
ea7 
746 
645 
693 

370 

573 
55Kkl 
2- 

9.67 

2 
0.77 

112 
49.1 

82.1 
40.4 

135 

668 
1030 
9530 

2190 
130 

1170 
583 

1040 
854 

431 

588 
535 
7 w  
530 
288 

=K 

83200 
261OW 

(6) 
E W M  

17-Aug89 

0.81 
10.2 

1 

73.5 
186 

623 

ea7 
2070 
480 
021 

31 8 
186 

251 
374 

m9 
155 

276 

282 

4oBm 
l l w w  

4170 

k!and (6) 
ElringtGll 

26-Apr-90 

0.86 
7.19 

2 

216 
86.2 
76.2 

79.8 
549 
106 
190 

7390 

161 
M . 4  

52.7 
23.2 
43.3 
174 
26.2 
41.8 
52.4 
55.9 
38.5 
52.8 
42.5 

1m 
3930(3 

1850t lW 

24.6 
143 

70.3 

67.4 

68.7 

2930 
1oM 

458 
105 

146 

425 

212 
8.Bo 
72.8 
M.6 
41 .8 
21.6 

882 

16.8 

24106393 

Island (6) 
Elrington 

07-Aug90 
10.7 
1.24 
2 

552 
459 
5x3 
506 
233 
541 
111 
348 
2590 
379 
1640 
383 
457 
270 
342 
191 
126 
118 

5550t810 

IslaM(6) 
Emram 

1SApr-91 
8.90 
0.81 

3 

57.0 

203 

3720 

74.1 
1% 
130 
128 
116 
91.7 

7510 
38900 

mi794 



Prince William W n d  rnd samoka 
Slation 
Name (#) 
Dale collnted 
Mean vel wl. (a) 
Mean dty wl. (9) 
N 
Alkanes (WE) 

ClOalk 
Cllalk 
c12alk 

C14alk 
C13ak 

ClSalk 
C l W k  
C17alk 
PrlStam 
ClBalk 
P h y l a  
C l w k  
C a l k  
C2lalk 
C22ak 
C23alk 
C24ak 
C25alk 
C a l k  
C27ak 
C2Bak 
C29ak 
CJDalk 
C3lalk 
C a l k  
C U a k  
C&* 
ALKANES 
UCM 

Total 
N A l W  

8.51 
0.67 
3 

32.0 
129 

91.2 

280 

so9m 
1450 

ZW61.4 

0.72 
1 

267 
473 
625 
584 

1410 
832 

1670 
729 

525 
855 
501 
625 
405 
361 
313 
369 
444 
826 
787 
296 

33500 

lC500 

Island (8) 
M Y -  

9S9 
1.10 
3 

Naked 

291 
223 
321 
224 

747 
161 

174 

15200 

253 

120 
117 
1 77 
356 
354 
319 
250 
263 
151 

40.0 

155 

105Wo 
37200 

-240 

Island (8) 
Naked 

18-Jun-89 
10.6 
1 .22 
2 

111 
162 

265 
163 

223 

220 
2480 

269 

413 

240 
95.7 

158 

287 
150 

278 
318 

1yux) 
89600 

Jo80ts.38 

Island (8) 
Naked 

15Aug49 

0.70 
10.0 

2 

84.2 

623 
192 
325 
701 
357 
582 
232 
381 
202 
284 

21 4 
1  07 
217 

49800 
12400 

Island (8) 
Naked 

24Apr-90 
8.83 
0.97 
3 

47.1 
154 

39.1 
32.9 
60.0 
581 
71.4 
102 
1710 

15.4 

15.0 
14.8 
23.6 
28.1 

J9.1 
16.3 

30.7 
23.1 

28.5 
19.5 

4640 
.sum 

Island (8) 
Naked 

21-Jun-BO 
9.04 
1.12 
3 

374 

93.7 
36.6 

21.4 
n . 4  

88.9 
531 

119 
16W 

11.2 

13.6 

57.8 

38.0 

29.9 

27.6 

61  10 
lowx) 

3pot1570 lj4otlMo 1510ts33 

Island (8) 
Naked 

10.5 
1.12 
3 

CS-AUg-BO 

36.5 
35.6 

319 

68.2 

23.6 

lDo00 

415f107 

Island (8) 
Naked 

15Apr-91 
9.37 
0.88 

3 

38.3 
438 

346 

In 
71  70 

154 

lmx, 
1- 

e 1 1 0  



Prince Willlam Sound  mussel mP(er 
Slalim Oken  Oken 
Name (I) 

Mean vel w(. (g) 
Dale colleded 

Mean dryvd (g) 
N 
Alkanes (Wg) 

Closlk 
C1  lalk 
ClZalk 

C14aR 
C13alk 

CISalk 
ClEalk 
C17ak 
Pristann 
Clb lk  
Phylann 
cisam 
C a l k  
C2lalk 
C a l k  
C23alk 
c24alk 
C a l k  
C2Balk 
CZ'slk 
c28alk 
CZ9alk 
C a l k  
C3lalk 
C3ZaR 

Cj4ak 
C a l k  

ALKANES 
UCM 

TOW 
NARamr 

06Apr-89 
Bay lo) 

9.99 
1.03 
3 

81.6 
17.5 
86 4 
291 
473 

279 

53. 5 

5420 
54wo 

128ot308 

01-May-89 

0.91 
10.1 

3 

Bay (9) 

38.9 
30.4 
34.2 
61.9 
423 

503 
381 

47M 
18700 

892t264 

(SJ 
Cisen 

1aJun-89 

0.72 
9.90 

3 

118 

264 
167 

257 
254 
1% 

239 

79.9 

191 

8260 
d u o 0  

14W699 

Bay (OJ 
Olsen 

ldAu089 
9.92 
0.66 

3 

73.8 

32.3 
55.8 

615 
209 

137 

5030 
m m  

112m590 

Bay (OJ 
Olsen 

2aApr-90 
7.68 
0.80 

2 

84.0 

1 72 

252 
460 

397 
837 

26.4 

32.2 
25.0 

24.5 
62.0 
27.4 
50. 3 

51.8 

3360 
32800 

1660tlbbO 

BOY (0) 
m e n  

2Mun-90 
9.68 
0.99 

3 

397 
141 

41.5 
112 

1 70 
799 

434 
123 

453 
24.4 
16.4 
26.4 
21.8 
25.4 
25.4 
46.6 
40.8 
46.9 
30.5 
56.0 
29.4 
43.8 

30.8 
19.4 

5330 
5410 

269otH130 

olren 

WAup9O 
&Y (0) 

11.3 
0.91 

1 

58Mo 

9woO 

B Y  (0) 
olten 

15Apr-91 
9.78 
0.88 

3 

205 

312 
482 

5190 
1" 

518t136 

. 

76 



Prince WiUam Sound mMsel samples 
Slalion P W  
Name  (#) 
Dale colkded WMay49 

Island (10) 

Mean wel wl. (8) 
Mean dry  wl. (9) 
N 
Alkanes (Wg) 

ClOalk 
Cllalk 
ClZalk 
Cl3alk 
C14alk 
ClSalk 
Cl6alk 
Cl7alk 
Plklane 
Cl8alk 
Phytane 
ClQak 
CMalk 
CZIalk 
C22alk 
C23alk 
C24alk 
C2Salk 
CmiX  
C27alk 
C28alk 
C29alk 
CYJalk 
C311k 
C32alk 
C3Jalk 
C34alk 
ALKANES 
UCM 

Tdal 
NAlkanes 

9.m 
0.93 

1 

412 

5470 

236 

127 

207 
291 
365 

141W 
BBgM) 

1400 

Peny 
Island (10) 
1 SAusaS 

9.m 
0.70 
2 

57.2 
41.6 

m 

337 

44.7 
82.5 

255 
107 

lgs 
1 67 
118 

5 9 s  
344m 

14m745 

I s l a n d  (10) 
Perrl 

24-Apr-90 

0.73 
5.05 

1 

51 7 
379 
125 

1 OM 
21 6 
358 
7590 
210 
201 
271 
205 
152 
111 
124 
154 
146 
113 
148 
148 
139 
124 
180 
175 
145 

132w 
1% 

SJZO 

Island (10) 
ParY 

21 Jun-So 
6.79 
0.61 

3 

25B 
71 .I 
62.8 
62.9 
90.9 

83.4 
431 

61  5 
46s 

22.0 

15.8 

70.5 

51.0 

4290 
34800 

184otlpo 

I s l a n d  (10) 
P W  

05AL@I 
8.35 
0.65 

1 

420 

755 

122 
327 
274 

46900 

1890 

Island (10) 
P W  

1SAp-91 
9.03 
1 03 
2 

233 

506 

89.4 

3890 

3pt48.0 

77 



Prince William Saund r r m d  samples 
SMlo" RockV 
Name (U) 
DalecoUk(ed 26Mar-09 04May-09 

Bay(11) Bay(l1) 

Mean wet wl. (g) 
Mean dry wl. (9) 
N 
Ahnef (wg) 
cloak 
c t lak  
C12ak 
C13alk 
Cl4alk 

C16alk 
Clsak 

C17alk 
Prislane 
ClLIalk 
Phylane 
cisam 
C a l k  
C2lalk 
C a l k  
C23aL 
C24alk 
C25alk 
C26alk 
C27alk 
C28alk 
C2Qalk 
CJoalk 
C31ak 
C32sk 
C33ak 
C M k  
ALKANES 
UCM 

Told 
NAlknar 

10.2 
1 .a2 
3 

98.1 
45.9 

415 

1540 
. -  

67.7 

22.0 

44.7 
134 
€3.7 
91 .9 
82.5 
118 
82.6 

69.8 

924) 
3280 

a l a 9 0 3  

10.3 
1 .n 
3 

30.0 
28.1 
44.9 

1 97 

1680 
3Mo 

92.1 
34.3 

8480 
4650 

21oot254 

Bay(11) 
21 JunBo 

9.90 
1.23 
3 

163 
132 
241 
243 
359 

876 
2250 

61.5 

54.3 

1 07 

84.9 

1 240 
87300 

W ( 1 1 )  
R=kV 

2oAugBo 
9.84 
0.85 

3 

52.2 
19.9 

76.3 
635 

767 

74.9 
25.4 

7340 

0.99 
3 

46.6 
145 

40.4 

58.4 

61.9 
719 

297 
1740 
18.6 

22.3 
27.1 
334 
60.8 
4 8 . 3  
48.3 
47.1 
35.5 
67.3 
35.5 
35.5 
29.5 
21.8 
27.1 

llrn 
5060 

1.02 
3 

279 
57.6 
85.0 

80.5 
22.7 

535 

631 
114 

462 

25.5 

68.1 

9.10 

201 

71.7 

15.6 

31300 
7510 

Bay (11) 
RockV 

WAllg-90 
11.3 
1.12 
2 

J6.9 
47.2 

549 
155 
178 

171 

25ooo 

4 



P n w  William Sound mussel sample+ 

Mean wet wl. (0) 
Mean dry wl. (g) 
N 
A h m  (Wn) 

ClCalk 
Cllalk 
ClZalk 
C13alk 
Cl4alk 
ClSalk 
ClEalk 
C17alk 
Pristane 
ClBalk 
PhyiaM 
Clgalk 
C20alk 
CZlalk 
C22alk 
ClJalk 
C24alk 
C a l k  
C26aHc 
C27alk 
CZBalk 
C a l k  
C D l k  
C3lalk 
c32alk 
CUaR 
CWIk  
ALKANES 
UCM 

TOW 
NAlkans 

0.88 
10.1 

3 

63.3 

325 

64.3 

141 

Jooo 
28100 

594tt202 

Bay (121 
Shvash 

OMfay-89 
10.4 
0.80 

3 

5 6 4  
90.6 

212 
127 

114 

4370 

486t357 

Bay (12J 
shvash 

16-Aug.89 
10.0 
0.83 

3 

70.8 
103 

1420 

165 

126 

338 
106 

98.0 

45.5 

90.9 
84.9 

l l l W  
3830 

254Oi828 

Bey (12) 
W a s h  

ZCApr-90 
8.21 
0.79 

3 

77.1 
165 

88.0 

61.5 
559 
83.7 
198 

34.9 
M5 

33.2 
44.3 
36.9 
28.7 
67.9 

59.2 
59.2 
24.0 
46.4 
21.2 
33.0 

42.7 

3540 

173ot1320 

Bay (12J 
Shv8sh 

25Jun-90 
9.29 
1.41 
3 

108 

47.1 
76.1 

81.2 
546 
77.2 
164 
926 

46.1 
10.4 
17.3 

34.5 
12.6 

27.0 
J6.6 
89.8 
39.6 

M.2 

22.9 

4 7 q  
17200 

Bay (12J Bay (12) 
W a s h  Shvash 

09-At&-90 l & A p 9 l  
11.0 
1.22 

8.50 

3 
0.72 

2 

239 

51.2 38.3 
37.2 73.0 

90.7 
743 131 

l(10 269 

94.8 

20.3 

9710 4190 
123W 134000 

179Otl460 11BDt420 337t337 

79 



Mean wet wt. (g) 
Mean dry  wt. (g) 
N 
Alkanes ( W )  

ClOalk 
Cllalk 
C12aHc 
C13alk 
C14alk 
C1Salk 
C16alk 
C17alk 
PriSIane 
ClSalk 
Phytarm 
ClQaM 
C2oalc 
CZlalk 
CZ2aHc 
C23aIk 
C24ak 
C&U 
C2€& 
C27aU 
c2Bau 

C a l k  
C29alk 

C32alk 
C33alk 
C34alk 
ALKANES 
UCM 

To(al 
NAlkaM 

C31aM 

9.Sa 
0.98 
3 

127 

754 
180 

1940 
3290 

, 5 9 4 0  

4190 

15wa 
3250 

gsso 
9150 
7300 
7850 
WM 
5540 
5370 
6170 
5990 
5 m  
48a 
UKU) 
3540 
5060 

leS0 

2460 
1- 
mwa 

-133W 

9.93 
0.83 

1 

365 
383 

389 
853 
696 
1980 

1670 
1110 

7My) 

4510 
1360 

ZMO 
1250 

1780 
2380 
1 730 
2370 
2450 
2440 
1 750 
1 O M  
1uy) 
1790 

1080 

1780 

131wM 
1 5 1 m  

juao 

W(13)  
S k W  

2S-ApI-W 
6.99 
0.92 
2 

4 0 . 6  
124 

80.2 
58.0 
513 
1980 
1022 
757 

145M 
263 
741 
55.9 
213 
175 
Pg 
09.7 
149 

313 
183 

272 

82.2 
139 

79.2 
117 

65.6 

in 

4 1 1 ~ 1  
206Wo 

71522780 

~ a y  (13) 
S b W  

n h m  
8.99 
1.25 
3 

3M 
120 
oB.9 
236 

638 
163 

1130 
1 87 

Zg20 

41 4 
122 

1 M 1  

a . 7  
196 
169 
230 
130 

251 
104 

210 
1 57 
138 
62.9 
70.5 
25.7 

2 t m  
1 1 m  

4890t1090 

Bay  (13) 
sleew 

9.25 
07-Aig.W 

0.86 
3 

170 

271 
629 

1340 
812 

1220 

2470 
1100 

2380 
361 
485 
332 
521 
507 
799 
010 
1110 
1160 
gaq 
722 
523 

356 

165 
142wo 
241m 

790 

W ( 1 3 )  
S b W  

lQ.Apl.9l 
9.16 
1.13 
3 

385 

1010 
385 

1970 
4% 
928 
87.6 

84.1 

53.5 
164 

93.7 
117 

31 100 
145WO 



Table 11-3.--Concentrations of PAH in SEDIMENTS collected from PWS, Alaska, for this study. 
Tables 1-2 and 1-3 contain keys for  the  PAH abbreviations used here. Tables 1 and 2 list the station 
names, numbers, locations, and collection dates  that  correspond with those listed here. Stations 
established in 1977 described by Karinen et al. (1993)  are italicized. Concentrations  are means of ) I  

replicated determinations reported  as ng P M g  dry tissue weight; the mean sample wet and dry 
weights are also given. Total aromatics (i.e. TPAH) is the sum of  the listed  mean PAH 
concentrations with perylene excluded, followed by the standard error  of the sum. Hyphens indicate 
concentrations below MDLs adjusted for the sample weight. Only samples that had surrogate 
standard recoveries greater  than 30% and less than 150% are included in this table; samples that 
were excluded on this basis are listed in Table 11-9. 
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Prince WMam Sound sediment samk 
Station 
Name (x) 
Date couec~ed 

Barnes Barnes Barnes  Barnes  Barnes  Barnes Barnes, B a r n  Barnes 

31-Mar-Bg 3l-Mara9 07-Apr-89  06-Mav-89  17-Aua89 25-A~-W 22-Jun-W 06-Aw-90 =Am-91 
Cove(1)  Cove(()  Cove(1) Core(1) Cove(1)  Cove(1)  Cove(1)  Cove(()  Cove(1) 

~~~ . ~~ 

Mean  wet wt. (9) 
Mean dly wt. (g) 
N 
P A W W o )  

Naph 

Menapl 
Menap2 

C2naph 
Dimeth 

T d d h  
C3naph 
chaph 
B i e n f l  

AcmUr 

cmwr 
F l w e n e  

C2llwr 
c3nuw 

CldVl i i  
Dihio 

C2dVliW 
c3Mwn 
Phenanth 
Msphenl 

CZphenan 
Clphenan 

C3phenan 
C-nan 
Anthra 
Flmnt  
PF- 
c1flwn 

C h p m  
Benanth 

Clchrys 
c a m  
c*hrvo 
C4chW 
Benmbfl 
0eruoMl 

B e w y  
BWPY 

PeWne 
lndeiw 

B W P  
Dibem 

Total Aromalics 
(wlo Petyiene) 

20.2 
13.9 
3 

0.71 
2.64 

2.64 
0.93 
3.09 
0.51 

0.30 

0.45 

3.73 

0.99 
3.B 

3.05 
2.04 
2.42 
0.91 
0.97 
0.86 

3.58 

2.40 

29.1 

20.2 
10.6 
3 

2.79 
0.49 

1.14 
0.63 
5.60 
1.30 
4.56 

0.67 

0.32 
1.48 

3.04 
2.65 
1 .a 

3.13 
3.05 
1 .56 

1.51 
1 . f f i  

3.59 

1.56 

0.56 
2.68 

1.25 

10.1 
3.98 

3 

5.93 
1.62 

15.4 

1.19 

6.05 
2.87 
7.53 

9.45 
7.76 
4.23 
4.52 
3.44 

9.19 

6.73 
4.53 
36.2 

16.0 
5.58 

3 

2.n 
7.15 

10.5 
1 .w 

9.25 
1 .64 

12.8 

1.18 
2.70 
2.74 
2.74 
1 .50 

3.05 
9.97 

2.62 
14.9 

21.4 
18.4 

6.63 
11.9 

2.32 
30.7 
29.6 
20.3 
21 .s 
25.8 
19.5 
10.8 

2 . n  

25.3 
18.0 

24.9 
17.4 

56.8 
14.4 
5.24 
18.2 

203 
9.29 

3 

4.42 
2.29 

0.77 
7.04 
0.83 

2.19 
5.03 

0.59 
0.61 

0.38 
0.92 

5.55 

8.63 
1.53 

4.82 

5.33 
4.32 
3.45 
3.45 
4.71 
3.59 

6.04 

3.38 
2.08 
5 6 . 6  
1.58 

3.02 

20.0 
7.73 
2 

3.23 
2.12 

6.03 
0.97 

6.62 
5.12 

1.50 
1 .45 
1.25 

2.12 
1 .m 
3.59 
5.55 
2.53 

3.75 
3.12 
4.24 
2.05 

4.24 

1 .m 
59.2 

0.46 
1.50 

2.14 

20.3 
8.79 
2 

7.m 
2.64 
2.47 

8.05 
1.22 

1 .56 
6.44 
1.99 

0.58 

7.33 
1.97 

9.25 
7 JB 
4.40 

6.55 
5.93 
4.18 
3.75 
4.52 
4.78 

5.50 

3.93 
1.63 

51.9 
3.19 

2.43 
0.86 
3.91 

mi 
10.9 
3 

4.39 
1.07 
0.m 

3.Sl 
0.33 
3.28 
2.27 

1 25 

0.35 
1.25 
3.02 

4.55 
2.80 
0.94 

4.07 
3.50 
2.81 
2.27 
2.18 
0.87 

2.65 
0.94 
2.06 

m.4 
1 . 0 8  

0.88 

1.67 

2L.l 
8.65 
3 

4.50 
1 .Jo 

1 .m 
6.93 

6.58 
1.10 

1.33 

1.67 
1.15 
0.93 

0.65 
0.81 
0.86 

10.3 
4.43 
12.7 
9.50 
4.65 

19.0 
17.8 
10.5 
8.94 

7.55 
12.0 

2.4s 

29.6 

13.2 

35.6 
19.4 

12.2 
4.78 
14.1 

355f4.87 51.35347 90.5t9.ffi 427f217 04.3t15.0  65.9f7.38 111t18.8 55.0t13.6 236t65.0 

8? 



Prince William Sound  aedimenl samples 
Slation 
Name (I) 
Daled!eded 3OMar.09 08Apr89 C 6 M a y 0 9  1 6 A @ 9  25AM-g0  27-Jung0 W A w W  lsAw-91 
Meanwetwl. (g) 13.9  13.8 18.9  16.9 

Bayol Bay of Bay01 Bay of Bay01 Bayof Bayof Bayol 
I*(2)  lSles(2) Isles (2) ISkS (2)  lSleS(2) lSkS(2) IrceS(2)  lSles(2) 

Mean dry w l .  (g) 7.24 
N 
PAH's(ngl9) 

Menap2 
Naph 

Dimelh 
Menapl 

C2naph 
Trimelh 

C4naph 
C3naph 

Acenlhy 
Biphenfl 

Acenlhe 
Flmene  
Cllluw 
CMwr 
C3AUM 
DIhlo 
Cldilhw 
C2dIh0 
C3dilhio 
Phenanlh 
Mephenl 
Clphenan 
C2phenan 
C3phenan 
C4phenan 
Anlhn 
Fluwant 
Pyrene 
C1 nwra 
Benanlh 
Ch-m 
C l c h w  
c2chlp 
c m w  
C4chryt 

Bwuokll 
Benzobfl 

B e w y  
BeMPY 
P'2ryle"e 
lndeno 
Diberv 
Benzap 

Tola1 A r ~ m a l ~ c s  
(WIO Perytlene) 

3 

1.64 

1.04 

0.42 

1.19 

56.6 

6.91 
3 

2.97 
1 .w 

0.99 
1 .P 

1.24 

2.17 
1.69 

1 .P 

0.57 
0.46 
0.60 
0.52 
1.18 

1.57 
1.29 

1 .69 
0.99 

0.65 

0.70 

24.2 

7.55 
3 

2.53 
1.62 

0.77 
7.30 
1.82 
10.9 
12.0 

0.75 
2.59 
3.92 
2.80 
2.50 
7.14 

9.34 
11.4 

7.01 
3.85 
14.2 
16.6 
14.2 
3.59 

2.54 

4.13 
2.04 

0.64 

2.94 
1 .46 

4.77 

2.57 

1.90 

22.5 
0 3 8  

0.83 

11.1 
3 

1.16 
0.24 

1.33 

1.24 
5.10 

0.45 
1 . m  
1 .P 
0.73 

2.23 
2.21 
3.03 
0.71 

1.78 
1.11 
0.57 
0.97 
1.81 
1 .08 

0.68 

0.72 

23 5 

20.2 
9.48 

2 

0.98 
0.52 

4.22 
0.47 
3.31 
27.3 

3.18 
4.17 
6.03 
0.46 
2.55 
12.0 
21 . l  
4.02 

7.94 

24.7 
18.7 

18.3 

1 .90 

5.97 
1.m 

7.08 
6.83 
7.32 
4.65 

2.70 

2.94 

16.9 

0 83 

2 0 . 3  
12.5 
2 

1.57 

0.77 

3.74 
1.33 

0.94 
1.13 
5.46 

1.23 
5.58 
10.8 

3.28 
7.97 
11.0 
7.69 

0.54 

2.79 

1.14 
0.96 
3.83 
1  .89 

1 .a 
0.79 

10.7 

0 51 

20: 
9.48 
3 

0.55 
1.10 

0.39 
2.87 

2.61 
2.90 

0.08 
2.15 
0.43 

7.59 
1.41 

3.55 
13.2 

5.79 
11.8 

6.50 
12.4 

3.48 
2.1 1 
3.07 
0.45 
5.39 
6.04 
6.70 
3.56 

2.14 

2.21 

15.0 

0.37 

20.1 
12.7 
3 

2.68 

1 .Y 
2.87 

1 . 6 9  
9.86 

1.21 
1.89 

0.82 

0.64 

17.4 

0.30 

4.2Si4.29  22.7t15.7 155t757 29.423  12  197214.9 764t7.81  112t48.0  23.3t10.3 



Prince  William Sound sedlment samples 
Station 
Name ( X )  WandW Idand(3J  ldand(3J  Idand(3J kLand(3J Island(3J Idand (3) 
Date called& ZBMar-89 02-May-89 1 5 A w 8 9  2BAw-90 21Jun-90 0 5 A u ~ 9 0  17-Am91 

W @ w W e r O h e r O h W W  

20.2 
13.3 
1 

2.67 
0.77 

1.63 

1.91 
2.08 

1.08 

1.49 

1.46 

2.45 

13.1 

16.6 
11.0 
3 

0.57 

1.20 

0.96 
9.21 

1.81 
0.56 
1.50 
3.m 

2.35 

0.95 
1.04 

0.70 
1.59 

2.40 

- 
13.6 
8 57 
3 

0.41 
1.58 

2.37 

0.64 
17.2 

0.72 

3.14 
2.26 

1.44 

1.70 
1.28 

6.45 

24.ot16.6 32 at13 6 

20.1 
13.3 
1 

0.92 
0.71 

2.43 

1.09 

0.74 

1.10 

3.36 

0.73 

7.72 

20.2 
14.3 

2 

0.95 
0.35 

0. 75 

0.66 

3.65 

202 
13.8 

3 

0.71 

0.67 

1.14 
0.24 

0.29 

5.05 

0.31 

20.1 
13.3 

. 
3 

0.25 
1.07 

0.57 
1.84 

1.94 

1.08 

1.26 
0.81 
0.79 

0.25 

0.95 

1.48 

4.45 

0.29 

2.71tl 71 3.36t0.27 12.h6.53 

84 



Prince  WiUiam Swnd sedanen1 s a m m  
Slatmn  Constantine  Conslantins 

Harbor 141 Harbor 14J Name (I) 
Dale cdtectsd 
Mean wei wt. (e) 
Mean dry wt. (8) 
N 
PAH's(nglg) 

Naph 
MenapZ 

Dimelh 
C2naph 

C3naph 
Trlmelh 

Biphenyl 
C4naph 

Acenthy 
A E n l k  
Fluorene 
c1nUor 
CMwr 
C3flwr 
D i m  
Cldlmi 
C 2 d i i i  
C3dithb 
Phenanth 
Mephenl 
Clphenan 
C2phenan 
CJphenan 
C 4 p h e ~ n  
AnMm 
FlWrant 

ClllWra 
Pyrene 

Benanlh 
Chryrene 
ClChryS 

uchrys 

MeMpf 

CZchW 

C b h v  
Benzowl 
Benmkff 
Benepy 
Benapy 
Petylene 
Indeno 
Dibenr 
BWUOP 

Tdal A r ~ l k s  
(wlo Petyiene) 

3 

11.1 
22.7 
22.3 

60.2 
15.3 

9.44 
47.6 
17.2 
16.6 

5.59 
14.9 

9.26 
16.7 

4.93 
5.71 
4.16 
9.87 
48.7 
16.6 
73.8 
48.9 
27.0 
13.1 

5.55 
6.39 
30.8 
2.25 
12.6 
14.4 
14.7 
6.45 

7.85 

6.39 

31.6 
0.95 
0.97 
3.96 

641126.1 

26hf.W-ii OSMay-Bs 
20.1 
12.1 

20.1 
12.3 
3 

8.72 
19.7 
19.0 
12.4 
57.0 

45.6 
9.25 

18.0 
14.1 

6.00 
17.6 
21.3 

4.24 
10.1 

5.36 
3.89 
7.67 
50.3 
17.8 
77.5 
52.4 
26.2 
8.37 

5.13 
6.23 
22.7 
2.50 

16.4 
12.9 

9.98 
15.2 

5.75 

5.09 

24.4 
0 6 4  
0 89 
3.06 

579t24.3 

Consfantine 
Harbor (4) 
ZD-AU@ 

20.1 
12.2 
3 

7.w 
17.8 
17.4 
13.5 
61.1 

45.6 
8.77 

19.9 
13.9 

5.30 
15.0 
17.8 
8.82 
4.18 
5.10 
3.85 
8.55 
45.2 
14.7 
70.1 
45.9 
26.0 
12.6 

5.22 
6.24 
23.1 
2.21 
12.1 
14.8 
15.0 
6.48 

7.20 

6.W 

32.7 
0 93 

3  94 
1.03 

555t17.8 

Consfantina 
Harbor (4) 
ZSApr-90 

20.1 
12.5 
2 

0.41 
206 
21.2 
13.7 
63.8 

50.8 
9.73 

18.6 
14.5 

6.00 
18.8 
23.1 
12.8 
4.00 
5.26 
4.05 
15.3 
41.4 

64.5 
14.4 

43.9 
28.6 
10.4 

4.47 
5.65 
24.8 
2.53 
10.1 
18.1 

8.25 
15.8 

6.97 

5.46 

28.2 
1.25 

4.14 
1.40 

586t39.2 

Conslantina 
Harbor (4) 
22Jun-90 

20.0 
12.8 
2 

7, 70 
18.7 
19.1 
11.6 
53.1 

48.3 
9.39 

42.3 
13.6 

6.17 
26.8 
32.1 
26.9 
3.55 
6.04 
4.41 
13.7 
39.0 
16.1 
69.1 
48.0 
27.0 
16.3 

4.58 
5.77 
25.2 

9.59 
1.29 

13.6 
13.8 
7.04 

7.07 

5.27 

30. 3 
1.06 

3 95 
1.13 

621t75.3 

Constantine 
Harbor (4J 
06Aue90 

20.1 
12.2 
3 

8.17 
18.8 
18.4 
12.1 
37.3 

41.6 
8.37 

18.9 
13.6 

6.05 
14.4 

9.22 
18.1 

3.70 
4.62 
3.15 
5.68 
45.6 
15. 7 
66.4 
45.1 
21.6 
7.38 

5.06 
6.29 
21.2 
1.97 
11.9 

9.32 
12.3 

4.44 

7.35 

6.48 

28.9 
1.06 
1.10 
4.57 

501127.2 

85 





Statim 
Name (X) 
Dale cdleded 
Mean wet M. (g) 
Mean  dry M. (g) 
N 
PAH's(n@g) 

Prince  William Sard s e d i m e n t  s a m w  
Elnnglon ElrWon E l r i m  Eiringlm ElringlM El~!ngtcn ElWm El~inglm 

10May-89 10Mav.89 19Jun89 17-Aua-8B SAW-90  PJm-90 07-Aw-93 19-Am-91 
Island (6)  Island  (6)  lsland(6) Island(6) Island (6) Is!and(6) Ward46) Irland(6) 

2 97 

NaPh 
Menap2 
Menapl 
Dimelh 
C h P h  
TriMth 
C3Mph 
C4naph 

Acenlhy 
Biphenyl 

Acenthe 
Flvwene 
ClnULN 
CMuor 
~ 3 n w r  
Dihm 
Cldlhb 

C3ddhb 
C2dilhiO 

PheMnlh 
Mephenl 
Clphemn 
C2phensn 
C3phenan 
C4phenan 
Anlhra 
Flwranl 
Wene 
c 1 w a  
Benanm 
Chwena 
ClChryr 
CZchryr 
Cjchrys 
C b h w  

Benzokn 
Bembfl 

Benapy 

lndeno 
Perylene 

Dibenz 
Benzop 

TOtal Aromatics 

B e w y  

(WIO PeryIeneJ 

-. . . 
1.83 
3 

4.86 
89.7 
79.0 
139 
M4 
216 
1- 
733 
22.8 

46.3 
2e6 

429 

44a 
1 47 

751 
847 

m 
510 

1440 

401 

420 

1 om 
13m 

13.0 

3.92 
191 

225 
117 

194 
128 
46.5 
18.2 

33.4 

1 s i  
10.7 
3 

0.37 
0.69 

0.84 

0.30 
6.22 

8.45 
0.31 

7.85 
2.57 
0.81 
5.23 
10.5 

3.05 
10.9 

6.07 
13.2 
18.9 
14.7 

0.81 

1.16 

2.40 
5.69 
2.34 

0.33 

0.96 

m.1 
15.6 
3 

1 .M 
0.51 

0.64 
3.12 

1 .Y) 
2.55 

0.38 
3.34 
4.89 
1.53 

4.54 
1.55 

7.70 
3.04 

0.90 
0.X 
0.58 

2.04 

0.58 

0.w) 

0.80 

138 
10.4 
3 

1 .ffi 
1.88 

I .72 

0.23 
0.78 
1.99 

0.48 
0.28 
0.45 
4.32 

2.45 
3.89 

0.80 
0.62 

0.42 
0.5s 
0.23 
0.44 
3.74 
0.74 
0.62 

0.40 

0.60 

0.20 

20.3 
17.5 
2 

1 .?4 
0.30 
0.82 

0.66 

0.90 
21.7 

4 5 . 3  

6.34 
3.22 

13.1 

6.88 
8.07 

3.96 

3.84 
13.3 

4.10 
I .Jo 

0.29 

4.79 

3.68 
1 .XI 

6.07 
12.9 

0.63 

20.3 
16.8 
2 

0.31 
1 .30 

1.32 

0.34 
0.34 
0.80 

1.04 

1.01 

0.48 

0.70 

0 31 

mj 
15.8 
2 

0.36 
1.83 

0.22 

20.2 
17.9 
3 

0.23 

0.40 

7.55 

0.13 

0.90 

1.11 



10.4 13.6 13.6 20.1 
Mean dry M. (g) 
N 
PAHS(nglQ) 

Menap2 
Menapl 
Dim& 
CZnaph 
Trimelh 
C3naph 
C4naph 
Bipkng 
Acenlhy 
Acenlhe 
Flumne 
Cllluor 

c 3 n w  
Dilhw 
C l d W  
C2dilhb 
C3dilhb 
Phenanm 
Mephenl 
Clphenan 
C2pheMn 
C3pheran 
C4phman 
Anthla 
Fluoranl 

Napn 

cmm 

c l n w  
Benanlh 
Chrysene 
Clchryn 
C2dXW 
C J S M  
C4chw 
Bervobll 

Bemw 
Benzdm 

Benapy 
Pewene 
Indew 
DibenZ 
Bemop 

Tdal Amnalicr 
(w/o Pelylene) 

12.5 
3 

2.23 

0.87 

0.61 

0.22 

2.01 
1.46 

1.72 
1.46 

0.45 
0.93 

2.04 
2.52 

206 

2.M 

4.93 

6.63 
2 

1.46 
1.09 

19.4 

10.0 
3 

3.13 
1 .46 

0.W 
4.62 

1 .09 

2.27 

0.44 

0.78 
1.15 

0.96 
4.33 
1  .44 

2.w 
2.66 

4 . n  

3.99 
3.23 
1.14 

2.85 
2.96 

6.63 

13.7 
3 

0.50 
1 . a  

029 
1.19 

1.91 

0.52 

2.23 
1 .E 

2.50 
4.65 

6.13 
6.50 
4.87 
2.24 

3.27 
3.22 
2.21 

3.18 
1.10 

2.47 
1 .% 

2.78 

1 .m 

16.1 
0.59 

0.94 

9.35 
3 

3.11 
1 .a 

450 

0.71 

1.97 

0.92 
2.40 

0.40 

0.35 
7.46 

6.15 
1.m 

3.82 
4.18 
1.49 

3.Y) 
1.13 

1.63 

1.01 

3.22 

0.60 

13.3 

14.9 
2 

2.63 
0.59 

0.79 

0.85 
3.m 

1.12 

0.46 

0.M 

2 , s  

0.31 

0.57 

5.86 

0.35 

M.l 
13.8 
2 

0.49 
2.50 

0.84 

2.40 

1 .84 

1.w 

2.47 
2.10 

0.82 
0.39 

12.7 

20.2 

11.8 
3 

10.5 
6.13 

2.561 
4.35 

0.72 
9 82 

6.52 
2.44 
7.M 

0.74 
3.27 
2.54 
0.79 
1.08 
1 .20 
0.82 
2.08 

2.30 
12.6 

10.3 
4.74 
2.49 
0.88 

3.24 
2.69 
2.M 
0.73 
5.42 
2.39 

2.35 

2.03 

25.0 
0.29 

1.37 

20.1 
14.6 
3 

2.07 
0.01 

13.8 

13.9 
24.2 

4.w 
2 93 
1 . 8 5  

1.24 
0.64 
0.38 
1.74 

3.67 
3.09 
4.13 
8.78 

2.40 
2.21 
1 .a 
0.70 
0.85 

1 .x 

0.67 
1.w 
9.27 
0.41 

0.61 

2t.5f12.8 2.55t2.55 44.4t23.7 59.2t134 52.3t12.3  14.3t1.13 15.0t0.82 113t52.0  g99t10.5 
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Slation 
Name (X) 
Date cdleded 

Mean dlywl. (a) 
Mean wet M. (g) 

N 

Prince William Snmd SedmWmI samplso 
Olsen Olssn Olsen 0k.n m e n  OlMn Oksn 

P A W W g )  

Menap2 
Naph 

Menapl 
Dimeth 
CZnaph 
Trirneth 
CJMph 
C4naph 

Acenthy 
Biphenyl 

Acenth 
FIwene 
ctlluor 
CMwr 
C3RUU 
DiitiO 
Cldflhb 
CZdflhb 
CJdilM 
Phenanth 
Mephenl 
C1  phenan 
CZphenan 
C3pheiWl 

Anlhra 
C4phenan 

Flwrant 
Fyene 
ClllUOra 
Benanth 
Chwene 
Clchrys 
czchrys 
C3chw 
CMrys 
Benrobn 
BenroMl 
Benew 
Eenapy 
Peryiene 
lndeno 
D l k W  
Bemop 

Total A m t i c s  
(wla Petylene) 

6.14 
10.4 

3 

0.51 
2.10 

2.63 

8.56 
1.81 

4.67 

20: 
14.3 

3 3 

f.67 
7.11 

5.74 

1.27 

2.88 
3.59 

0.83 

5.04 

3.72 

0.94 
0.82 

0.49 

3.39 

1.54 

1.21 

5.00 

2.79 
1.  12 

2.41 

1.61 
0.76 

1.81 

2.21 

0.20 

1.W 
1.05 

0.49 

1.06 

2.60 

0.24 

18.9 
11.6 
3 

2.54 
1.95 
1.01 
3.43 
9.78 
4.40 
16.5 
12.2 

1.95 
3.12 
2.67 

1.39 
1.41 
0.85 
1.84 
0.32 
2.27 
2.12 
1.17 
0.81 

5.67 

0.W 

zo. 1 
13.5 
2 

1.73 
0.36 
0.80 

1.19 
1.25 

2.71 

3.28 

14.8 
3 

0.69 

0.86 

0.79 
2.43 

1.49 
2.56 

0.67 

0.35 

0.37 

3.51 

0.49 

20.0 
12.7 
3 

3.46 

0.67 
1.36 

15.8 

14.0 
23.9 

5.54 

0.95 
1.22 

1.34 
0.36 

3.02 

5.10 
3.38 
5.03 
8.94 

0.37 
0.38 
1.07 

2.20 

0.75 

0.89 

3.19 

0.56 

15.&2.93 40Zi73.7  77.6t4.36  63.9r55.8  804i4.87  70.7*699 1Cili20.4 
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Prince  William  Sound dmml saamplea 
Slalirm 
Name (I) 

Rocky Rocky Rocky R c d y  Rocky Rocky Rcdy  

DalecalMed %Mar49 C 4 M a y s O  DAug4.9  25Ap-90  PJun-90 08-Aw-90 OZ-May-91 
Eay(l1)  Eay(l1) Eay(l1) Bay(11) Eay(1l)  Eay(l1) Eay(11) 

Meanwelwl. La) 13.7  20.1  10.2  20.1 20.3 20.1 2 C . l  

Naph 
Menap2 
Menapl 

C2naph 
Dlmeth 

Trimelh 
C3naph 
C4naph 
Biphenyl 
Acenlhy 
AtXllthO 
Flwrenn 

Cmwr 
c3nuw 
DlhW 
Cldlhio 
C2dilhw 
CJdiiO 
Phenanlh 

clnw 

Mephenl 
Clphenan 
C2pheMn 
C3phenan 
C4phenan 
Anlhra 
F l m n l  

c 1 n m  
Pflenn 

Chryseno 
Eenanlh 

Clchrys 
c2chrys 
CJchry. 
C4shryr 
EenzDbfl 
0enzoMl 
Benew 
Benapy 
Peryiene 
l"delW 
Oiknz 
6enzop 

Tdal Aromaliis 
(WIO Perylene) 

9.41 
3 

17.7 
13.1 
12.3 
7.37 
16.4 
0.63 
7.72 

8.44 
18.7 

1.53 
15.0 
15.1 
5.64 
0.55 
2.14 
2.53 
0.51 
1.10 
52.2 
5.87 
34.8 
11.4 

5.29 
3.27 
12.4 
13.3 

2.43 
10.4 

9.76 
7.40 

17.4 

9.49 
0.94 
21.4 

0.32 
1.62 

9 14 

14.0 
3 

10.3 

2.86 
11.0 

6.30 
14.2 
1.18 
5.82 

7.33 
1.61 

1.75 
12.6 
13.5 
7.91 
1.93 
2.00 

2.12 
1 .m 

42.7 
3.81 
31.5 

5.05 
11.5 

3.28 
3.04 
0.25 
9.27 
9.24 
1.75 

6.93 
10.8 

2.m 

2.09 

12.7 

6.61 

20.8 
0.91 
0.79 
5.16 

7.05 
3 

5.24 
8.44 
5.31 
6.90 
13.8 
0.46 
2.56 
Q.34 
2.51 

13.5 
13.1 
2.80 

1.39 
0.86 

44.8 

32.5 
12.0 
1.56 

2.35 
9.85 

8.33 
10.5 

8.36 
9.11 

3.77 

13.2 

6.35 

20.2 

4 57 

14.2 
2 

8.90 

3.97 
11.3 

4.89 
10.9 
0.57 
4.12 
11.4 
6.16 

0.87 

20.7 
16.9 

12.8 
6.09 
1.53 
2.01 
2.00 
3 , s  
40.2 
2.78 
31.5 

6.35 
11.6 

3.01 
4.04 
10.6 
11.4 
11.6 
2.40 
7.28 
5.06 
1.83 

12.2 

4.34 
1.62 
17.5 
1.92 

5.24 
1.47 

13.9 13.9 
2 

10.1 
12.5 
2.29 
6.09 
13.2 
1 .a2 
6.27 
3.04 
8.30 

1 .33 
15.1 

8.60 
15.7 

6.18 
1.34 
2.40 
5.69 
9.80 
47.2 
5.61 
36.0 
27.5 
47.3 

3.69 
18.6 

7.54 
11.6 
31.7 
4.36 

34.6 
16.6 

32.9 
20.0 
6.02 
12.1 

9.58 
2.71 
28.8 
2.09 
1.65 
6.59 

34ot234 272t364 243t244 298t10.7 503i218 

3 

7.63 
6.86 
3.57 
5.31 
11.9 
0.85 
4.50 
2.21 
5.65 

0.64 
12.0 
12.9 
7.35 
0.74 
1.40 
1 .P 
1.34 
2.81 
33.1 
0.83 
24.8 
8.41 
4.14 

0.80 
5.13 
6.69 
7.86 
0.30 
6.21 
4.78 
2.20 

8.95 

4.75 

18.9 
1.15 
1 .ffi 
4.05 

m t 1 0 . 9  

14.8 
2 

6.86 
8.35 
2.51 
4.87 
21.2 
0.W 
14.1 
28.7 
5.24 

14.2 
17.0 
9.36 
3.91 
1.35 
2.21 
1.47 
0.34 
35.9 
2.80 
30.8 
12.2 

7.53 

6.05 
8.41 
9.92 
0.50 
7.29 
6.72 
3.35 

am 

12.2 

6.71 

17.2 
1.67 
1.41 
6 97 

Mlt23.6 



Mean dryv.4. (g) 7.28 
N 
PAH'h(n@g) 

m M P 2  
Naph 

MeMpl 
Dimeth 

Trirneth 
C3naph 
C h p h  

Acenthy 
Biphenyl 

Acenthe 
Fluorene 
Clllum 
C M W  
c3nuw 
D a b  
ctdthia 
CZdlhW 
C M i i b  
Phenanlh 
Mephenl 
Clphenan 
C2phenan 
c3phenan 
W e w  
Anmra 
F h n t  

Clf lwa 
B e "  
Chtysene 
C1Chl)s 
c2Chl)s 
C2chl)s 
C M W  
BeIUCbfl 
BenzoMl 
eenew 
Benapy 
PerylelX 
lndeno 
Dibenr 
Bemop 

Total A r d i c a  
(wlo Perylene) 

c2Mph 

3 

5.53 
2.60 
8.38 

4.73 

2.96 
18.4 

. .  

2.15 

4.87 

5.28 
2.13 

2.09 

0.45 
0.20 
1.76 
2.11 

2.35 

2.93 

4.95 

0.94 

-. . . 
10.7 
3 

1.85 

0.31 

5.25 

6.81 
3 

0.70 
1.43 

0.99 

2.68 
1.00 

0.73 
15.2 

0.97 

2.43 

2.74 
1.51 

1.60 

1.34 

1.81 

7.77 

20.3 
12.4 
3 

1.72 
0.93 

3.02 

1.35 
2.31 

1.59 

3.64 

0.52 
0.30 

1.08 

0.73 

5.10 

0.26 

69.9614.6 2.16i0.74 3 4 . l t l l . J  17.4t3.93 

zoo 
12.9 

1 

1.22 

2.12 

5.58 

9.44 

3.29 

0.84 

1.01 

4. 12 

23.5 

12.0 
3 

0.31 

1.92 

6.27 

20.0 
12.2 

3 

0.72 
0.76 

1.41 
0.31 
1.83 
0.86 

1.04 

3.45 

1.13 

1.01 

0.34 

4.38 

0.28 

2.24t1.19 12.8i3.63 
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Princa W W i m  Sound sedinmd samples 
Sla l i i  
Name (#) 

skew skew SkeFq Sleepy skew skew 
Bay(13) Bay(l3) Bay(l3) Bay(13) Bay(13) Bay(13) 

DalecollRted 07May89 1 7 - A W  Z€-A+n-W 22-Jun-90 07dug90 1Q-Ap.91 
Meanwetwt.(g) 13.8  16.8 
Mean dry w t  (9) 11.3 

20.3 
12.9 

20.1 
15.8 15.0 

20.0 
15.2 

20.1 
15.2 

2 N 
PAH'a(n@g) 

Naph 
Menap2 
Menapl 
Dimelh 
C2naph 
Trimelh 
C3naph 
C4naph 

Acenthy 
Bipheng 

Acenthe 
Fluwere 
Clllua 
CZnw 
c3nwr 
Dilhio 
Cldilhio 
C2dithio 
C3dilhw 
Pknanlh 
Mephenl 
ClpheMn 
C2phenan 
C3pknan 
C4phenan 
Anthra 
Fluwanl 
Pyrere 

Benanlh 
C h w n e  

C2chryr 
ClChryr 

CXhryr 
C4chryr 
Benmbn 
Benzoldl 
Benew 
Benapy 
Perylem 
l"*W 
Dibenz 
Bemop 

(do Perykne) 
Total Ar~mslics 

c1nwR 

3 

5.96 
4.60 

4.44 
11.8 
59.4 
17.0 

44.8 
105 

3.w 

3.11 
16.8 
32.1 
26.2 
12.4 
39.8 
639 
59.3 
30.9 
25.5 
91.2 

90.2 
116 

27.4 

5.95 
5.40 
13.7 

17.4 
18.2 

4.94 
13.2 

4.10 

4.67 

0.65 

924t407 

3 

4.10 
4.04 

2.61 
0.99 
5.80 
1.82 
18.1 
14.1 
1.50 

2.28 
1 . 5 0  

5.95 
26.4 
34.4 
2.36 
P O  
82.4 
ga.1 
16.0 

42.0 
19.7 

120 
133 
35.8 

8.18 
8.52 

20.5 
2.64 
17.2 

21.8 
31.4 

17.8 
1.67 
5.81 

6.58 

0.85 
2.02 

0.78 
0.51 

' 2.06 

82lf116 

1.69 

0.68 
1.36 

2.58 

2.02 
4.84 

1.31 
4.32 
0.31 
1.53 
6.93 
17.0 
2.26 
0.88 
3.15 
9.46 
24.2 
17.1 

5.02 

7.59 
5.45 
3.52 

12.2 
10.4 

12.4 

2.32 

3.29 

3.m 

0.80 

2 

1.08 
0.87 
0.91 

2.07 
0.36 
1.91 
12.9 

1.52 
4.32 
9.73 

1.19 
5.68 
21.2 
1.35 

1 . a  

6.94 
15.3 
13.4 

1.87 

7.25 
1 .25  

2.73 

9.42 
1.34 

10.5 
10.1 
3.51 
1 . 3 9  

2.30 

0 63 

3 

0.75 
0.35 

2.09 

2.32 
4.87 

0.40 
2.31 
5.04 
0.23 
2.24 
8.74 
27.1 
124 
0.60 
3.11 

19.6 
10.3 

16.4 

1.31 

9.09 
1.03 

1.69 
3.51 
11.1 
12.7 
10.6 
453 
1.23 

3.20 

0 58 

2 

0.46 

0.71 

0.45 

1 .w 

1.41 
1  .97 

2.62 
4.79 
2.59 

1 .E 
0.40 
1.13 

1.89 

3.57 
3.42 

3.42 

0.41 

1 .ffi 

167i257  154t149 168f42.4 331f5.43 
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Table II-4.--Concentrations of alkanes in SEDIMENTS collected from PWS, Alaska, for this study. 
Table 1-4 contains a key for the alkane abbreviations used here. Tables 1  and 2 list the station 
names, numbers, locations, and collection dates  that  correspond with those listed here. Stations 
established in 1977 described by Karinen et al. (1993) are italicized. Concentrations are means oft2 
replicated determinations reported as ng alkane/g dry tissue weight; the mean sample wet and dry 
weights are  also given. "ALKANES" indicates the mean of the sum of all alkanes detected, and 
"UCM" indicates the unresolved complex mixture. "Total NAlkanes" is the sum of the listed mean 
normal alkane concentrations (i.e., pristane and phytane excluded), followed by the standard error of 
the  sum. Hyphens indicate concentrations below h4DLs adjusted for the sample weight. Only 
samples that had surrogate standard recoveries greater than 30% and less than 150% are included in 
this table; samples that  were excluded on this basis are listed in Table 11-10, 
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Prince  William Sound redlmenl samples 
Slation 
Name (#) 

E l a m  Barnes Barnes Barnes Barnes Barnes Barnes Barnes Bama 

Dalewlleded 31Mar-89 31-Mar-89 07Ap49  ObMay-89 17-Aug-89 25-Ap-ga 22-Jun-90 ObAur-90 Z-Am-91 
Cwe(1) Cwe(1) Cove(1) Cwe(1) Cwe(1) coVe(1) C m ( 1 )  Gave(1) Cove(1) 

Mean wel %i (Q) 20.2 20.2 10.1 15.1 20.3  20.0 
Mean dry hi. (a) 10.8 
N 
Alkams (Wg) 

ClOalk 
Cllalk 
CIZam 
C13alk 
C14alk 

C16alk 
C17slk 
PrirtaM 
Cl8alk 
Phytane 
ClQdk 
CZDalk 
C2lslk 
C a l k  
C23alk 
c24alk 
C a l k  

c1sam 

cmm 

czgam 

C27alk 
C2Mk 

C a l k  
C3lalk 
C32alk 

ALKANES 
Cylalk 

UCM 

Total 
NAlkanes 

c a m  

2 

2.20 

8.25 

16.9 

33.9 
37.5 

6.W 
14.4 

z . 3  
9.84 
40.5 

626 
11.9 
219 
11.6 
122 

1380 
1203 

13.9 3.90 4.84 9.29 7.73 
3 

1.12 

8.14 

36.1 
5.79 

82.1 

94.7 
12.4 

m.3 
135 
75.8 

65.1 
182 

5J9 
47.1 
394 
52.1 

36.9 

4.58 
2430 
1780 

3 

6.81 

149 

367 
31.1 
304 
441 
288 

42s 

1320 
99.5 

88.1 
858 
1 M  

57.6 

8uo 
Bwo 

2 

9.67 
24.9 
13.1 

54.5 
206 

447 
z . 2  

81.4 
427 
163 
568 
1 87 
1740 
123 

1063 
138 

55.4 

13.7 
11sm 
7410 

373 

3 

2.65 
6.M 
P . 9  
9.59 

31.5 
161 

78.8 
Pa 

258 
76.3 
31 1 
90.9 
4001 
130 
1150 

845 
1 07 

126 

70.2 

8.30 
8920 
2090 

2 

5.83 

4.68 
3.24 
57.9 
6.05 

35.8 
155 

277 
m.8 

70.7 
296 

346 
w.3 
496 
135 
1470 

91  4 
121 

113 

89.4 

71.5 
1 W M  
5320 

20.3 
8.79 

2 

3.60 
50.3 
5.82 
115 
46.6 

24.6 
21 3 

74.4 
218 

286 
846 
jag 

1150 
1 07 

90.8 

70.6 
743 

88.4 

35.1 
7640 

10.9 
3 

4.24 
1.58 
27.5 

32.2 
1W 
6.m 

117 
13.0 

42.7 
109 

161 
50.7 
22s 
82.2 

63.7 
740 

469 
50.4 

45.3 

8.40 
5160 
694 

i . 1  
8.85 
3 

4.61 
9.58 

1 m  

239 
24.5 

53.0 
172 

228 
54.8 
288 
41 .9 
1070 
75.4 
715 
95.1 

69.0 

6430 
5.76 

1530 
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Mean we1 wl. (g) 
Mean dry wl. [g) 
N 
A ! h e  (nglg) 

ClWk 
Cllalk 
ClZalk 
ClJalk 
C14alk 
ClSBlk 
ClGalk 
C17alk 
PristaM 
Clhlk 

Cl9alk 
C a l k  
CZlSHc 
C a l k  
Cmlk  
C 2 W  
C25alk 

C27alk 
C a l k  
C a l k  
CXla(k 

c 3 m  
C31aIk 

W l k  
CJ4alk 
ALKANES 
UCM 

Total 
NAlkaB 

c a m  

13.9 
7.24 
3 

3.18 

3.65 
2.51 

332 

146 
13.8 

43.5 
155 

230 
57.0 
357 

lOB0 
90.9 

66.5 
629 
93s 
726 

53u) 
7 4 s  

13.8 
6.91 
3 

2 .m 
10.0 
13.7 
69.7 

147 
18.5 

28.4 
125 

32.0 
153 

222 
31.4 
442 
51.9 
374 
43.3 

38.8 

36m 
4280 

16.9 
7.95 
3 

2.67 

3 . 7  
10.3 

14.3 

45.0 
122 

24.2 
24.2 
183 
34.4 

90.7 
173 

258 

31 9 
104 

138 
1040 
88.0 
521 
78.3 

43.1 

22.2 
6790 
s6)50 

11.1 
3 

10.1 

2i.l 
15.6 

57.9 

82.9 
11.3 

40.7 

41.0 
116 

142 
54.9 
41 7 
37.8 
259 
43.7 

27.2 

20.4 
29813 
5950 

20.2 
9.48 
2 

3.65 

9.73 

11.9 
105 
15.3 
23.9 

20.8 
log 
43.7 

84.8 
138 

207 
83.5 
263 
101 
€99 

492 
104 

81 2 

54.3 

351 

8540 
gwo 

(Bo 

20.3 
12.5 
2 

2.25 
3.59 

23.9 

74.5 
16.8 

66.8 
19.9 
88.1 
56.2 
148 
48.9 
167 
68.5 
489 
53.5 
291 
547 

44.1 

51.6 

8lBo 
4 m  

203 
9.46 

3 

21.9 
79.0 
23.5 
1  42 
44.5 
24.6 
28.1 

32.2 
155 

72.9 
149 

193 
75.8 
233 
97.7 
823 
81.5 
460 
74.9 

65.3 

47.3 

lPD0 
7880 

2 a . l  
12.7 
3 

34.3 

46.9 
2.88 
58.3 
17.1 
78.8 

109 

43s 
14.2 
245 

7% 

8.w. 
2- 
4410 

% 



Mean wet w(. (0) 
Mean dty wl. (a) 

A k a M  (We) 
N 

ClOalk 
Cllalk 
C12ak 
ClJalk 
C14alk 
Clsalk 
ClSalk 
Cl7alk 
PriSLam! 
ClBalk 
Phytane 
Clealk 
C20alk 
CZIalk 
C22ak 
C Z 3 k  
C24ak 
C25alk 
C26ak 

C28alk 
C27alk 

CZQ& 
C m l k  
C3lalk 
C32ak 
C33alc 
C W  
ALKANES 
UCM 

Tdal 
NAlkaner 

20.3 
13.4 
2 

16.3 

59.2 

13.4 

161 
14.8 
s. 1 
5.83 
38.5 

25.5 
8.32 
53.9 
19.1 
3 . 7  

lwo 
1Jbo 

16.8 
11.0 
3 

1.61 
1.12 
63.2 
2.61 
89.2 
22.3 
11.5 

184 

79.6 
10.2 

12.4 
48.9 

34.0 

61.4 
14.3 
46.3 

2370 
1930 

5wi25.8 e 1 4 9  

8.57 
136 

3 

2.57 
10.9 

48.6 

3.46 
1 73 

83.4 
11.8 
90.6 
23.0 
78.6 
18.8 

75.1 
195 

112 
17.6 

11.4 
3040 
llen 

896t178 

292 
13.3 
2 

3.11 

19.9 

80.9 

188 

95.2 
4.33 
54.4 

41.7 
8.54 
85.8 
5.40 
49.0 

2020 
810 

20.2 
14.3 
2 

2.63 

20.7 

524 

121 

55.1 
6.65 
45.4 
22.4 
34.2 
7.83 
28.7 

24.8 

1390 
3830 

2 0 i  
13.8 
3 

4.85 

17.2 

50.2 

133 

64.4 
8.35 
49.5 

40.4 

64.8 
12.0 
61.8 

1600 
5s 

20.1 
13.3 
3 

1.72 

41.8 

36.7 

97.2 

66.2 
14.9 
37.3 

37.0 

61.0 
7.52 
46.4 

1540 
1990 

6671114  42Oi70.5 506t23.9 448f39.7 
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Prince William Sowd redimenl samp*s 
stam Constanbne  Constantine 
Name (#) 

Mean wet wl. (e) 
Dale mlleded 

Mean dry w l .  (9) 
N 
Alkanes (nglg) 

Cloak 
Cllalk 
ClZalk 
ClJak 
Cl4alk 
ClSalk 
c16alk 
C17ak 
Pristane 
ClWk 
Phy(ana 
ClWk 
C a l k  
CZlalk 
C22aL 
C23alk 
C24alk 
C25awr 
CzBalk 
C27alk 
C28ak 
C2S3lk 
C a l k  
C3lak 
c32ak 
C33alk 
C34ayc 
ALKANES 
UCM 

TOW 
NAlkaner 

Hamr  (4) 
&Mar-89 
M. 1 
12.1 
3 

18.1 
25.0 
24.9 
38.2 
31.9 
62.7 
32.0 

33.3 
126 

30.7 

41.1 
156 

206 
94.3 
259 
90.2 
308 
87.6 

69.5 
357 

602 
81.9 

59.0 

25.4 
7160 
2 1 0  

282ot151 

OSMay-89 
Harbw (41 

20.1 
12.3 

3 

24.6 
27.7 

37.5 
32.1 

36.9 
64.5 
38.6 

47.6 
102 

33.8 

141 
33.9 
195 
67.7 
195 
95.4 
258 
71.7 
288 
54.7 

61.4 
457 

57.4 

6970 
26.3 

1160 

21oot83.0 

Constanbnr 
Harbor (4) 
ZO-Aug89 

20.1 
12.2 
3 

23.5 
273 
35.2 
44.0 
38.2 
78.0 
37.7 
124 
38.0 
38.3 

42.2 
1% 

96.5 
188 

272 
97.2 
327 
94.5 
373 

618 
01.4 

86.7 

88.5 

29.1 
6630 
5940 

297OtlDo 

Consfantins 
Harbor (4) 
ZIApr-90 

20.1 
12.5 
2 

27.3 
10.2 

35 1 
44.0 
39.7 

32.2 
84.6 

126 
33.5 
36.2 

40.1 
176 

84.4 
171 

2W 

378 
139 

114 
417 
99.3 
517 
114 

92.9 

58. 1 
9830 
4510 

3030t698 

Conslanbne 
Harbw (41 
22JUn-90 

M.0 
12.8 
2 

26.4 
29.2 
38.0 
35.6 
71.3 
37.6 
137 
35.4 
32.9 

40.8 
125 

94.9 
181 

268 

332 
111 

88.0 
349 
63.5 
549 
75.2 

62.3 

42.2 

2830 
7990 

279h292 

Consfanbne 
Hafbw (41 
O&Au@SO 

20. 1 
12.2 
3 

23.6 

28.1 
24.1 

4 . 8  
38.5 
82.2 
41.4 

37.3 
245 

38.1 

41.0 
122 

1 70 
Bo 5 
243 
111 
299 
91.3 
397 
78.5 
481 
68.9 

56.2 

7100 
21.4 

3820 

2 7 m m  

98 



Mean dw w l .  (9) 
N 
Alkanes (nglg) 

CtOalk 
Cllalk 
CI2alk 
C13alk 
C14alk 
ClSalk 

Cl7alk 
ClEdk 

Pristane 
ClBlk  
Phylane 
Clsalk 
CMalk 
C2lalk 
CPalk 
CPalk 
c24alk 
C25slk 
C B l k  
C27alk 

C29alk 
C2Blk 

CMalk 
C3lalk 
C32alk 
C33alk 
C a l k  
ALKANES 
UCM 

Tdd 
NAlkaMs 

14.3 
3 

10.6 

52.2 
17.0 

84.4 
4.35 
80.2 
17.5 

23.8 
79.3 

92.6 
31.8 
2M 
n.9 
141 
224 

6.61 

2690 
13.7 

3150 

12.9 
3 

Z7.1 

01.3 
10.6 

263 

a5.9 
15.7 
141 
35.7 
71.7 
38.7 
e68 
N.3 

zZ.9 
143 

97.2 
19.1 

48m 
10.2 

4KrJ 

12.8  14.1  13.0 
3 

3.19 

73.2 
14.3 

45.8 
P . 4  

9.84 
313 

8 s .  1 
13.2 
162 
32.6 
83.2 
31.7 
w.3 
36.3 
177 
27.2 

6.71 
111 

BBjo 
7170 

2 

1.62 
82.4 

46.3 
31.9 

3.20 

70.4 
13.0 
76.7 
24.1 
97.8 
33.2 
118 
41.3 
211 
41.5 
156 
55.3 

15.2 

4570 
48m 

2 

7.66 
6.01 
7.20 
6.W 
7.26 
70.7 

47.3 
3.66 

367 

350 

92.7 
13.0 

67.4 

66.3 
110 

74.4 
104 

136 
37.6 
117 
33.0 

15.9 

46m 
23M 

13.3 
3 

3.80 
1.97 
3.89 
4.02 
3.42 
M.9 
2.61 
36.0 
63.9 

4x2 
7.72 
M.5 
37.6 
90.9 
41.4 
100 
51.2 
158 
31.7 
114 
23.7 

8.66 

2980 
1830 

13.4 
3 

84.5 
7.23 

19.9 

5.83 
18.0 

41.5 

48.3 

110 

65.8 

4240 
1140 

99 



Prince WiWm Sound s e d i i  smnw 
Slalion 
Name (x) 

Elringtm Ekhglm Elrington Ekm!#m Elrhglm Elringlon ECulgm E w m  

D a l e c d e d a i  1 M y 8 9  tWay89  lSJun89 17-Aug89 Snp-m PJun-(R 07-~upm  tsnp-91 
Island(6) Island(6) Island (6) kbnd (6) laland@) Idand(6) Island(6) lrllnd(6) 

Mean wet wl. (0) 13.7 
Mean dry wl. (a) 10.7 

2.04 
1.73 

20.1 
15.6 

13.8 
10.4 

20.3 20.3 
17.5 16.8 

20.1 
15.9 

20.2 
17.9 

N 
AlkaM 

Cllalk 
ClOalk 

ClZalk 
c13anl 

Clsalk 
C14alk 

Clbaa 
C17alk 

Claalk 
Prislane 

C lWk 
Phytane 

C2oalk 
C2taR 
C22alk 
C a l k  
c 2 a  
cmm 
cmm 
C Z a k  

C a l k  
CzBalk 

CJDalk 
C3lalc 
C a l k  
C a l k  
c34alc 
ALKANES 
UCM 

TOW 
N W O M  

3 

5.97 
2.29 

8.55 

136 

44.6 

9.76 
10.5 

0.83 
15.5 
8.6s 

32.1 
27.7 
14.2 

31.9 
10.0 

28.2 

17.1 

21 1) 
659 
m 

251t97.3 

1 

M.3 
116 

x% 
$ 5 8  

51  1 
870 

1720 
659 

1170 

500 
417 
315 
3m 
m 
4m 
BOB 
621 
m3 
504 
374 
34s 

319 

654 

PMDO 

107W 

t n o  

70100 

3 

2.31 
1.32 

3.75 
4.92 
18.8 

6.96 
4.25 

133 

15.2 
3.48 
5.67 
4.78 
7.30 

15.8 
14.5 

12.6 
12.5 
10.1 

8.56 

19.4 

4Mo 
631 

20.0 

3 

6.W 
5.70 

464 
4.86 
25.1 

5.r) 

2.13 

8.15 

4.74 
9.55 

5.49 
12.8 
8.35 

u.5 
M10 

2 

44.8 

1.78 

4.70 

78.3 
ism 

2 

3.86 
67.8 

2.41 

2.28 

12.2 

7.91 

321 
1460 

3 

3.34 
7.29 
40.6 
8.08 
5.20 
8.85 
8.44 
3.19 
6.77 
6.m 

7.55 

5.86 

10.8 

a 3  
1 2 3  

3 

8.79 

A 
674 



Prince William Swrd sediment s a m p b  
slallon 
Name (#) 

Naked  Naked 

DalediRted 2BMar49 @%Ape 
Ishrd (8)  Isbrd (8) 

MeanwelM. (g) 16.8 10.5 
Mean dry*. (e) 12.5 
N 

6.91 

Alkanes (Wg) 

Clblk 
Cllalk 2.14 
C12alk 2.20 
Ct3alk 
Cl4alk 

4.25 
3.84 

5.40 

ClSalk 
8.82 

8.39 
ClGalk  3.71  21.2 
c t  7a1k 
P M W  

6.59  51.6 
19.6 

Clblk 
55.5 

PhmW 

3 3 

Island (8) 
Naked 

13.6 
O g M a V - 8 9  

Island (8) 
Naked 

1EJun89 
20.2 

Island (8) 
Naked 

lSAu@S 
13.6 

Island (8) 
Naked 

2 4 w - 9 0  
20.1 

Ishd (8) lhland (8) 

20.1 202 

Naked  Naked 

21-Jun-S¶ MAW-90 
Island (8) 
Naked 

1sAp-91 
20.1 
14.6 
3 

10.0 
3 

13.7 
3 

9.35 
3 

14.9 
2 

13.8 11.8 
2 3 

1.48 2.08 4.85 
3.83 
6.86 

1 .gs 
9.29 

24.4 
10.5 
55.2 

41.6 
10.9 
74.7 

4L.9 
7.87 
144 

57.2  108 

45.1 
21 .o 
129 

13.7 4 8 . 3  
72.8 163 

61.9 
90.8 212 
28.9 82.4 
189 589 
18.0 52.4 
W.6 288 
10.0  70.6 

5.26 15.1 
4.48 4.29 

33.3 
4.29 
40.7 
70.4 

11.3 
51.9 
473 

52.1 

59.1 
10.2 

7.06 
166 

. .. . 
10.2 

20.1 
16.8 

6.H 
25.0 
138 

s . 4  
10.7 

. .. 

CtBalk 
CZOalk 
C2lalk 
C2Zalk 
C2Jalk 
C24alk 
C B l k  
C26alk 
C27alk 
C28alk 
C29alk 
CMalk 
C3lalk 
C32alk 
C3Jalk 

ALKANES 
C34alk 

UCM 

17.6 75.8 
22.1 

3.19 
17.7  00.2 

32.3 

49.4 
7.87 
45.0 
19.2 
48.9 

72.8 
22.4 

6.07 
1 24 

84.0 
16.7 

11.1 

8.08 
1520 
596 

569t70.2 

90.3 
3.39 
74.1 
23.7 
87.6 
11.9 
121 
42.8 
202 
11.4 

24.3 
137 

21 .8 

25.3 
4.59 
31.7 

52.2 
31.8 23.1 

134 
25.5 

. .. 

38.7 
3 0 . 3  

~. 

28.5 

428 
4.90 
88.8 

84.3 
16.8 

15.1 

91.4 
47.3 
111 

133 
50.2 
298 
41  4 

41.2 

1 42 
18.1 
276 

37.7 
7.41 

7.98 
1w 

61.2 
17.7 
158 

75.9 
14.1 

14.3 

8.67 
1  37 
11.3 

... . 
1 52 
37.9 

18.0 

5.27 

3570 
gal 

32.1 21.2 29.8 53.3 6.39 

38M 
17.2 

7530 

4.10 
2110  4810 
8.50 27.9 

1180 

733118 21Wt69.1 

2460 
8370 

2650 
826 

.~ . ~ 

lo20 
1510 

41 20 
1120 

6MHB2.3 Total 354tJ5.7 982i145 
NAlkaWS 

326t73.1 139otlJ5 

101 



Mean wet wl. (0) 
Mean dly  wl. (gl 
N 
Alkanes (Wg) 

CiOaIk 

Cl2aik 
C l l a k  

ClJaIh 
C14alk 
C I W  
ClSalk 
C17aIk 
P-lane 
Cl8alk 
Phytane 
C49aR 
CZDalk 
CZlalk 
C22& 

C24alk 
C p a k  

C25alk 
C26alk 
C27alk 
C28alk 

C30alk 
C29aAc 

C3lak 
C3Wk 
CJ3slk 
C34alk 
ALKANES 
UCM 

T d 4  
NAlkaneb 

10.5 
6.08 

2 

45.5 

78.9 
68.5 

114 

52.8 

143 

79.5 
25.1 
77.4 

79.7 

146 

146 

4910 
1420 

6.89 
3 

10.3 

11.9 
6.04 
53.5 

63.6 

141 

63.3 
15.4 
65.5 

69.4 

116 
7.74 

20 1 
117 

1930 
2930 

20.3 
14.3 
3 

7.77 
1.53 
26.8 

87.9 

1% 
121 

59.4 
9.43 
53.0 

452 
7.28 
66.0 
17.1 
75.3 

1630 
329 

16.9 
11.6 

3 

20.1 
4.42 
19.9 

25.3 
16.8 

54.5 
27.4 
71.3 
16.1 
7.96 
6.55 
214 
10.4 
105 
15.9 
91.1 
6.67 
82.1 
13.6 
158 
10.4 

M.2 
143 

77.0 
12.7 
10.2 
16.2 

20Oa 
197 

20.1 
13.5 
2 

5.25 
6.69 

10.6 

u . 7  
7.31 

16 1 

74.1 
10.9 

14.3 
69.4 

64.9 
8.62 

6.55 
112 

27.9 
110 

14.1 

14.1 
2510 
2260 

203 
14.8 

3 

5.07 

23.4 

55.6 

45.4 
9.10 
42.7 

W.8 
5.71 
81.9 
156 

23.9 
110 

5.68 

1560 
1450 

20.0 
12.7 
3 

6.39 
2.20 

44.2 
9.49 
139 

111 
7.35 
174 
18.4 
97.3 

72.9 
16.3 
118 
19.0 

16.0 
1M) 

6.30 

30% 
1210 

106(k2(12 757i44.4 Wli68.5  127h417 801i86.2  479t46.4 13Wt101 

102 



Prince William S w r d  sediment sampks 
Station 
Name (#) 

Perry  Perry  Perry Pew Perry 

Dalecalklea 16AAy189 24-Apr-90 21-Jim-90 &Ai&?-90 le-Ap-91 
Irhnd(l0) IMand(10) lsland(l0) lshnd(10) Is!and(lO) 

Mean we+ w(. 101 19.9 20.2  20.1 20.2 20.1 
Mean dry*. (9, 

Alkanes (WQ) 
N 

Clb lk  
C l lak  
c12alk 
C13alk 

c1salk 
C14alk 

C1Edk 
C17alk 
Prislarn 
C l w k  

ClQaR 
Phylane 

C a l k  
C2lalk 
C a l k  
C23alk 
C 2 W  
C25ak 
CXdk  
C27alk 
CzBalk 
C29alk 
CJoalk 
C31alk 
C32ak 
C33ak 

ALKANES 
C34aR 

UCM 

TOW 
NAlkamr 

13.9 
3 

1 .44 

23.7 
85.2 
32.4 
85.6 
2 9 . 5  

90.0 

57.1 
10.3 
20.7 

19.4 

40.8 
5.28 
14.9 

1810 
2980 

5mt125 

13.0 
2 

87.0 

85.8 
26.3 

58.3 

30.2 

23.2 

62.9 

15.8 

-2200 
1140 

13.6 
2 

6.27 
2.83 
61.2 

84.3 

71.2 

44.3 
13.7 
9.24 

19.2 

57.4 

15.6 

2040 

15.3 
2 

27.4 

7.m 
3.91 
4.77 
6.33 
8.49 

15.6 

30.6 

1930 
730 

14.1 
3 

5.59 

4.m 
4.22 

23 1 
13.8 

12.5 
25.4 

4.46 

9 .w  
12.2 

18.3 
5.93 
23.6 
11.9 
13.9 
5.10 

5% 
798 

37335.5 385t6.05 lWt27.7 193t53.7 



Rockv Rockv 

2 2 3 3 

C l M k  
Cllalk 
C12alk 
Cl3alk 
C14alk 
Clsalk 
C16alk 
Cl7alk 
PristaIW 
Cl&lk 
Phytan 
Cl9alk 
C20alk 
C2lalk 
C a l k  
CPalk 
C24alk 
C a l k  
C a l k  
C27alk 
C28alk 

CJGalk 
C3lSlk 
C32ak 
CUalk 

ALKANES 
C34alk 

UCM 

c a m  

9.81 
6.34 
5.54 
23.3 
12.1 
29.3 
4.90 
522 

7.92 
6.32 
4.61 

7.21 
8.03 

5.65 
4.51 
6.14 
6.47 
8.93 
35.2 

561 
15.1 

0.43 

10.7 
7.39 
10.7 
10.4 
13.4 

5.31 
10.8 

650 
19.4 

5.96 

5.81 
3.20 

9.17 
6.69 
21 .8 
3.57 
354 

5.30 
5.06 
5.M 

0.45 
4.35 

M.4 
4.64 
173 

7.93 
14.4 
6.49 

6.18 
126 

1570 

4.03 
11.0 

5.54 
12.7 

1040 
21.4 

55.4 
3.17 
30.5 

45.1 

32.5 
5.13 
18.8 

2B.4 

76.5 
13.0 

35.5 
13.4 

12.3 

3.98 
P.5 
6.04 
260 

29.3 45.4 
22.0 
39.1 
21.1 
54.3 
37.5 
47.0 
B.83 
n.6 

20.8 
3.70 
9.21 

16.1 

11.1 22.7 
3.05 
19.0 

6.95 
8.38 

12.7 

17.0 29.2 

82.7 
13.0 

J5.0 
10.1 

6.65 

i7.7 

56.0 

27.5 26.2 

88.1 43.4 30.6 . . ~. 

39.4 
10.2 

10.7 
15.8 a . 5  11.8 

27.1 

8.81 
3290 
lsso 

1170f42.B 

1340 
103 

528639.5 

mrn 
1480 

3730 
4424 

lgMBo.4 

2480 
1590 

857f34.7 

l1.W 

3PiS3.0 Totat -115  137otzso 
N A h m  



Prince Wibm Swrd d i m  sampk 
S h t i M  
Name (#) 

SMash SMash SMash W a s h  Wash Wash 

Dalemkled 20-Mar-89 03May-89 lbAug89 24-Apr-90 25Jun-90 00-.411@90 1bApr-91 
Bay(l2J Bay(12J Bay(12J Bay(l2j Bay(12) Bay(12) Bay(12J 

Mean wet w t .  (g) 10.3 20.4 10.2 20.3 20.0 20.2 20.0 
Mean dr, w t .  (g) 
N 
AlkaM (WO) 

C l W  
Cllalk 
Cl2alk 
Ctfalk 
C l M k  
Clsalk 
Clsalk 
Cl7ak 
PriataW 
Claalk 
Phytane 
Clgak 
CMalk 
C2lalk 
C p a k  
C23ak 
c24alk 
C25alk 
C26ak 
C27ak 
CZBaik 
C29alk 
Cx)al  
c31am 
C32alk 
C33& 
C W  
ALKANES 
UCM 

T U  
NAlkanas 

7.28 
3 

11.1 

16.7 

22.6 

28.2 
5.92 
33.4 
16.0 
44.2 

56.6 
10.1 

30. 4 
7 4 0  

144 
10.5 

1430 
2190 

10.7 
3 

2.55 

56.0 

66.0 
4.22 
110 
20.6 
71.8 

111 

334 
19.8 

24.8 
254 

3930 
1030 

6.81 
3 

2.65 
3.67 

29.1 

33.9 

25.1 

41.6 

47.8 
13.8 

65.2 
12.3 
213 
20.9 

11.1 
788 

2370 
2360 

12.4 
3 

1.85 
3.18 
4.22 

4.16 
38.3 

23.6 
12.3 
47.7 

61.8 
18.2 

81.6 
26.0 
238 
25.1 
201 
5.67 

28w 
1430 

13.0 
2 

3.28 
4.35 
39.7 
9.81 
37.9 

30.7 
8.68 
58.1 

56.0 
17.3 

73.4 
28.4 

22.3 
206 

188 
9.19 

4340 
1670 

12.0 
3 

24.3 

20. 7 

42.5 
15.0 
43.0 

0 . 0  
35.4 

29.7 
204 

17.4 
184 

2720 
418 

12.2 
3 

2.24 

3.70 
16.9 
6. 19 
48.5 

34.4 

97.9 
19.0 

34.9 
57.7 
21.7 
0 . 8  
37.3 
21 1 
29.1 

13.0 
185 

4290 
roo 

%9:118 10Bot13.0 7wt77.3 792i35.4 791i23.5 69e20.2 899t72.2 

105 



Meanwetrn.(g) 13.0 
Mean dry W. (g) 11.3 
N .. 
Allon= (Wg) 

ClOalk 

Cl2alk 

c14alk 
Clplk 

C15aL 
CISalk 
C17alk 
Pristam 
ClSalk 
Phylans 
ClSalk 
C a l k  
c21* 

C23alk 
C24alk 
C B l k  
C2Wk 
C27* 
CZWk 
C a l k  
C a l k  

C W  
C3lsL 

C a l k  
C%k 
ALKANES 
UCM 

TChl 
NAlcanr 

Clla* 

c a m  

3 

7 . n  

m.0 
47.6 

215 
1 76 

Pg 
285 
m 
255 
165 

233 
217 
217 

104 
1 07 
I 70 
128 
88.4 

B .7  

1m 

l o 5  

77.5 

60.0 

16800 
Bsu) 

168 
12.8 
3 

4.24 
25.0 

89.3 
58.3 

113 
1 51 
372 

293 
183 

1 76 
223 
175 
198 
146 
166 
185 

150 
180 

1M 
103 

07.6 

71.8 

109 

303m 
(urn 

15.6 
2 

9.64 
4.97 

17.8 
235 

27.3 
262 

32.6 
23.2 
20.5 
16.6 
21.4 
20.2 
30.5 
28.5 
31.1 
42.5 
30.2 
34.6 
23.0 

20.9 

22.3 

7830 
l n o  

20.1 
15.0 
2 

S . 1  
7.72 

38.1 
43.1 
61.2 
45.7 
47.4 
25.7 
26.2 

35.0 

39.2 
a . 0  
29.4 
44.3 

24.1 
43.0 

24.7 

25.6 

47.3 
3310 

25.7 

23.0 

I 37m 

15.2 
3 

4.75 
6.76 
10.3 
37.6 
72.1 
42.3 
47.1 
29.3 
28.0 
24.7 
28.8 
25.3 
37.7 
a . 1  
25.1 
38.1 
36.7 

27.0 
27.2 

27.4 

a . 4  
2mo 
1 3 8 M  

320WlZUl 2732330 447f81.0 BJsf57.4 534W.l  

20.1 
15.3 
3 

3.1 1 
6.25 
S.27 
35.7 
25.0 
16.4 
m.2 
16.1 
15.6 
17.3 
10.6 
16.0 
23.5 
50.0 
50.3 
79.9 
83.6 
J8.2 
15.6 

5.38 

P 6  
2520 
6710 

527i241 

106 



Table 11-5.--Concentrations of  PAH in MUSSELS collected from the Gulf of Alaska for this study. 
Tables 1-2 and 1-3 contain keys for the  PAH abbreviations used here. Tables 1 and 2 list the station 
names, numbers, locations, and collection dates  that correspond with those listed here. Stations 
established in 1977 described by Karinen et ai. (1993) are italicized. Concentrations are means of i 7  

replicated determinations reported as ng PAwg dry tissue weight; the mean sample wet and dry 
weights are also given. Total aromatics (i.e. TPAH) is the sum of the listed mean PAH 
concentrations with perylene excluded, followed by the standard error of the sum. Hyphens indicate 
concentrations below MDLs adjusted for the sample weight. Only samples that had surrogate 
standard recoveries greater  than 30% and less than 150% are included in this table; samples that 
were excluded on this basis are listed in Table 11-9. 
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22Juc89 
Bay  (14) 

8.24 
0.61 
3 

6.42 
141 

19.8 

38.1 

5.38 
62.1 
261 

13.5 

35.4 

34IH97.9 

21-Jul-89 
RNel(f 5) 

7.78 
0.81 
2 

1  87 
24.1 

34.1 
17.3 

161 
76.3 
477 
410 
9.32 

22.6 

324 

38.9 
135 

227 
153 

150 

90.0 
154 

341 

293 
374 

53.5 
12.1 
68.2 
19.9 
9.90 

3.09 
38.1 

109 

11.1 

~ 3 3 w  

Bay (16) 
Foul 

rnlll-m 
7.42 
0.69 

3 

37.4 
316 

n . 2  
4.94 
35.1 

8.95 

4.33 
12.2 
16.4 

4.27 

6.72 

3.68 
17.7 

4e6k81.5 

~ 1 7 )  
Harris 

27.Ap-m 
8.68 
0.76 

1 

24.2 
138 

18.1 
12.0 

35.2 
14.5 

60.1 
4.90 
25.1 
89.4 
101 

25.7 
51.7 
1  24 
1  42 
27.3 

14.4 
19.1 

9w 

198 

McDoM!& 
L a m  (18) 
rnld-m 

5.10 
0.70 
2 

15.7 

9.06 

9.89 

24 8t24.8 

Monashha 
Bay  (19) 

21-Juc89 
7.37 
0.96 

1 

31.6 

13.8 

9.14 

8.29 

62.9 

Point(21) 
P&Of 

w-m 
8.31 
0.87 
2 

172 
14.0 
20.3 
10.0 
13.5 
18.4 
1 M  
138 

37.1 
224 
315 
17.1 

695 
151 

727 
40.3 

JOB 
134 

llao 
918 

21 8 

26.2 
18.6 
106 
5.65 
74.7 
1  37 
54.7 
45.8 

6.41 

15.3 

P a  (21) 
Petmf 

laJUn-89 
8.37 
1 .oo 

1 

561 
6 . 8  
38.7 

20.3 
12.7 

23.9 
145 

18.3 
1 78 

6.38 
58.4 
297 
492 
18.3 

804 
172 

850 
47.4 
04.8 
387 
1150 
1470 
340 

16.2 
18.8 
104 
6.19 
92.7 
185 

65.7 
7.37 
17.4 

34.9 

m.4 

578Lk1160 75w 



Naph 
Menap2 
Menapl 

CZnaph 
Dimem 

Tnrneth 
C3naph 
C4naph 

Acenlhy 
Acenlhe 
Fluorene 

CMUW 
C3MIa 
DIN0 
Cldlthb 
CZdlhlO 
CWN0 

Mephml 
PhmaMh 

Clphenan 
CZphenan 
c3phsnan 
C4phanan 
Anlhra 
F l w a n t  
Pyrene 
Clllwra 

Chrpne 
BeMnlh 

c2chryr 
Clchrvs 

C4chrys 
CWryt  

nenzcbn 
BenraM 
Benew 
BenaW 

lndeno 
Perylene 

Dlbe"2 
Beluop 

clnw 

0.97 
1.56 
3 

37.1 
226 

23.9 
1.51 
3.75 

7.83 
1.31 

1  .29 
7.19 

4.59 

4.33 
429 
83.1 
1 .M 
7.04 

7.17 
10.4 

1 .&( 
3.26 
105 
17.7 
57.6 
11.9 

2.66 

3.59 

1 0 5 o i 8 8 . l  

Quicksand 
cow (22) 
IBAugd9 

0.77 
0.13 

2 

23.0 

14.0 
7.60 

11.0 

5.53 
12.0 

4 .m 

78ci54.3 

Qukksand 
cow (22) 
27-AV-W 

5.01 
1.01 

1 

39.7 

39 7 

Quicksand 
Cove (22) 
24-Jun-90 

5.18 
0.02 

1 

Terakw 
P W  (23) 
I4ApaS 

8.41 
1.01 

1 

52.7 
182 

44.0 
181 
739 
261 

1080 
1620 

22.7 

41 .8 
217 
688 
634 

573 
127 

1123 
928 
248 
352 

2230 
1390 

1560 
475 
14.8 
34.6 
44.5 
175 
11.5 

262 
153 

m 
9.58 
110 

37.6 

443 

6 25 

151W 

13.2 

31.7 

12.6 

17.7 

166 
141 

58.7 
179 
283 
2&( 

67.3 

9.76 
59.6 
66.7 

1-133 

109 

cow (24) 
Verdanl 

27-ApaS 
8.82 
1.56 
2 

29.4 
(en 

21.5 
9.92 

22.8 
12.3 

119 
131 
4.75 

2.m 
6.97 
43.3  

276 
233 
252 
166 

3% 
4ca 

47.6 
67.0 
324 
634 
629 
96.4 

5.43 
9.56 
55.3 

43.1 
I .75 

73.0 
26.9 
34.9 
3.56 
5.47 

16.5 

41m504 

Con)  (24) 
Verdant 

IaAcgaS 
8.28 
0.67 

3 

95.2 

3.43 

2.73 

4.08 
53.5 
28.5 

6.87 

47.1 
30.6 

2 . M  
285 
51.7 

19.5 
103 

16.4 

7.58 
14.5 

511i55.0 

(24) 
VUdant 

2 7 A P g O  

0.82 
5.01 

1 

W a n ' s  
B.y 125) 

21-JJaS 
0.23 
1.02 
1 

1 27 
25.0 
18.6 
54.6 
248 
119 
n9 
837 
14.2 

33.2 

346 
1 5 9  

217 
58.7 
241 
337 
221 
ISS 

538 
141 

563 
31 0 
83.0 

60.1 
17.6 

32.9 

11.8 

5250 



Table 11-6.--Concentrations of alkanes in MUSSELS collected from the Gulf of Alaska for this 
study. Table 1-4 contains a key for  the alkane abbreviations used here. Tables 1 and 2 list the 
station names, numbers, locations, and collection dates  that correspond with those listed here. 
Stations established in 1977 described by Karinen et al. (1993) are italicized. Concentrations are 
means of n replicated determinations reported as ng alkandg dry tissue weight; the mean sample wet 
and dry weights are also given. “ALKANES” indicates the mean of the sum of all alkanes detected, 
and “ U C M  indicates the unresolved comples mixture. “Total Nalkanes” is the sum of the listed 
mean normal alkane concentrations (i.e,, pristane and phytane excluded), followed by the standard 
error of the sum. Hyphens indicate concentrations below MDLs for sample weight. Only samples 
that had surrogate standard recoveries greater  than 30% and less than 150% are included in this 
table; samples that  were excluded on this basis are listed in Table 11-10. 
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Gull of Alaska rnwl samdes 
Slalwn 
Name (I) 
Dale dwed 
Mean we( w t .  (g) 
Mean dry wl. (g) 
N 
Alkanes (Wg) 

c v m  
Cllalk 
C12alk 
C13alk 
C14alk 
ClSalk 
C16alk 
C17alk 
Prislara 
ClBa!k 
Phytarm 
Cl9alk 
CZOalk 
CZlalk 
CZalk 
C23alk 
C24alk 
C a l k  
C a l k  
C27alk 
CZBalk 
C a l k  
CJDalk 
C3lalk 
C32alk 
C3Jalk 

ALUANES 
C a l k  

UCM 

Total 
N A l k a ~  

8.30 
0.61 
3 

632 

241 0 

105 
€5.2 

81 Jo 
11m 

3 

Pg 
x6 
285 
573 
780 
1780 
596 

9390 
451 

4010 
380 

1210 
589 

1090 
1110 
696 
487 
519 
365 
241 

75.7 
216 

251 

€c€m 
5 4 7 m  

3 

32.9 
67.8 

430 

1310 
218 

79.2 
137 

96.8 

54w 
5Mx) 

I 

356 

88.4 
112 

260 

554 
478 

2550 

104 

108 
181 
443 

101 w 
nraMl 

I 

49.4 
58.5 

482 
132 
259 
2320 

19.6 

34.3 
U . 9  
458 
62.0 
47.3 
41.7 
668 
B.8  
51.6 

U . 8  

3780 

1 

614 
14S 
1 24 

584 
I 9 2  

225 

UJO 
284 

23.7 

40.4 
32.3 
44.8 

M . 4  

75.2 

59.0 

5870 

1 

w 
202 
49.6 
25.4 
54.0 
1% 
133 

91.7 
1 2 0  

17.4 

1220 
8260 

3 1 

733 
147 
81.8 
70.7 
11s 

250 398 
272 

1610 266 
266 

33.8 
517 

81.3 

40.1 

49.6 

72.6 

3 

50.1 
136 

I 5 8  

425 
352 
23s 

60.8 
151 

209 
z95 
485 

110 
89.0 

45.0 
1 32 

4 3 . 3  

141 

4 . 0  
68.8 
55.3 
84.5 

177 

1 78 
1- 

2 

90.6 
92.2 
70.2 
64.2 

59s 
172 

132w 
250 

182 
848 
1 97 
4ca 
413 
478 
425 
587 
798 
755 
747 
430 
209 
154 

I98 

38Bw 
21 5wo 

1 

279 
133 
119 

383 
180 

1560 
707 

26400 
601 

1380 
41 5 

469 
676 
616 
744 
619 
750 
1040 
973 
lor) 
5&1 
461 
338 

251 

385 

27") 
658M 
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auickrand 
c m  (22) 
le-Acg-89 

9.13 

2 
0.77 

74.8 

249 

528 

210 

ZBMO 
2090 

5330334 

Q h n d  
c m  (221 

Tetnkor 
Point (23) 
14Ap4S 

6.84 
1.01 
2 

COn (24) 
V R m  

8.65 
1.35 
3 

27-AprBS 
Cove (24) 
verdant 

27-Ap-90 

0.82 
5.01 

I 

COW (24) 
Verdant 

241un-90 
5.27 
0.78 
2 

Woman's 
Bnl 

21-Jul49 
923 
1.02 
1 

62.7 

1730 

1 W  

160 
176 
E3.9 
ZZO 

3630 

344 

iUJu149 
P W  (23) 

5.27 
0.79 

27.Ap;-wi 
5.01 
1.01 

Mean wd M. (a) 
Mean W M. (s) 
N 
Alkanes ( ~ 4 )  

C I M  
Cllalk 
CIZak 
C l M k  
Cl4alk 
ClSalk 
C16alk 
C17alk 
Pristam 
Claalk 
PhflaM 
C l W  
C20alk 

CZZaIk 
CZlalk 

C a l k  
C244k 
C25atk 
C a l k  
C27ak 
C28& 
C a l k  
C W  
C31ak 
C32ayc 

C W  
C33ak 

ALKANES 
UCM 

TUaI 
NAlkam 

1.59 
2 

465 
150 
1 R  
m 
564 

751 
9860 

24.8 
89.4 

I39 

lUM0 
181W 

2360M6l 

1 3 

444 
123 
73.5 

798 
lS6 
135 

1490 
51 5 
108 
182 

1 280 
489 

1150 

wo 
1250 

1150 

1180 
935 

1360 
1280 
1 2 3  
1130 
I010 
960 
818 

518 
BJB 

523 

321 
172 
160 
152 

623 
499 
413 
IES 

238 
1 2 2  

ns 
218 
29.4 

68.4 
118 

80.0 
11s 

138 
112 
90.9 
222 

57.6 
1 47 

46.7 

ZOB 
Woo0 

1 n  

m.3 

670 
1% 
147 
254 
135 
6-90 
386 

2 1 m  
580 

497 
961 
591 
782 
856 
851 
823 
1Mo 

I140 
1060 

1360 
842 
607 
352 

221 3Ds 
156 
60.9 

558 

141 
1  75 

248 
749 
265 
452 
21 M 

23.7 
79.2 

497 
106 
671 

m 
1 42 

2270 

44.2 
51.6 

620 
69.0 
44.2 
25.2 

S . 8  
47.3 

52.2 
32.2 
87.7 
30.2 
46.8 

261 
6-90 
302 
337 
1 7W 

158 
832 
175 
210 
5510 557 

51.9 
29.9 111 30.9 

161 
38.4 
35.3 

38.7 
38.0 

36.8 
20.4 
53.3 

74.3 41.2 88.7 

409 

2n4 
17.2 61.0 3.8 

238 

372 

164wo 
34900 47780 5uw 

205Wo 

141ohl770 

78.40 
137wO 

iUIC%?7S 

7670 4920 

2470 2870 loJMtlJ5al 2110 282M31.8 

112 



Table II-7.--Concentrations of PAH in SEDIMENTS collected from the Gulf of Alaska for this 
study.  Tables 1-2 and 1-3 contain keys for the  PAH abbreviations used here. Tables 1 and 2 list the 
station names, numbers, locations, and collection dates  that  correspond with those listed here. 
Stations established in 1977 described by Karinen et al. (1993) are italicized. Concentrations  are 
means of n replicated determinations reported as ng  PAH/g dry tissue weight; the mean sample wet 
and dry weights are also given. Total aromatics (Le. TPAH) is the sum of the listed mean PAH 
concentrations with perylene excluded, followed by the standard error of the sum. Hyphens indicate 
concentrations below MDLs adjusted for  the sample weight. Only samples that had surrogate 
standard recoveries greater  than 30% and less than 150% are included in this table; samples that 
were excluded on  this basis are listed in Table 11-9. 

113 



Name (a) 
Dale cdMed 
Mean we1 w l .  (0) 
Mean dry wt. (0) 
N 
P A W W o )  

Naph 
Menap2 
Menapl 
Dirnelh 
C2naph 
Trirnelh 
C h p h  
C h p h  
Biphenyl 
Acenlhy 
Acenlhe 
Flwrene 
C l  nux  
C 2 M  
c3nux 

Cldiwa 
DilMo 

czdithio 
CJdivlim 
Phenanlh 
Mephenl 

CZphenan 
crphenan 

c3phenan 
C4phenan 
Anlhn 
F h n l  

ClllIWa 
pvrwa 

B W M l  
Chrysn* 
C l S ~  
C2chrp 
CJchW 
C*rp 
0enzm(l 
Beruokn 
Benepy 

Perylens 
lndeno 
Dibwu 

B e w v  

Benzop 

Tdal Aromatics 
(wlo Peqlene) 

PJM 
20.0 
7.14 
3 

Bay (14) 

13.3 
2.09 
1.48 

1.25 

3.60 
1.67 

16.0 

1 .81 
1 .u 
2.24 
1.78 

1 .39 

1 . a  
3.26 
2.48 

1.57 
7.78 
7.70 
3.20 

2.04 
1 .M 

0.63 
1 .57 

1.39 

4.98 

ZOJll-89 27-Apr419 27-ApgO 24Jun-80 
Bay(l6) Bay(17) Bay(1)) Bay(17) 

M.1 20.0  17.3  20.0 
16.0 14.4 19.5 

3 

37.1 
3.94 
1.89 

0.76 
0.19 

6.32 
1.34 

1.10 
2.74 
1 .a 
1 .M 
0.48 
0.63 
0.71 
1.07 
0.67 
5.27 

2.67 
1.55 
0.61 

2.25 
2.74 
0.89 
0.12 
0.50 

0.45 

0.56 

1.87 

15.8 
3 

2.03 
0.96 

5.08 

4.29 
9.60 

1 . 4 5  

0.54 

0.31 

0.52 

0.W 
3.01 

0.56 

3 

0.27 
1 .a3 

0.02 
2.30 
1.52 
5.21 
10.6 

1 .45 
2.24 

0.83 
1 .60 
1.83 
0.69 
0.33 
1.35 
2.01 
2.10 
2.03 

2 

2.83 
0.32 

0.31 
12.2 

0.83 

1.21 
0.86 

0.97 

Mc-. McDonJds MmaShka 
Lagm(18) t a m ( l 8 )  Bay(l8) 
U3-AprBg 2 O J M  21Ju189 

14.4 
10.1 

10.4 
10.1 

20.1 
17.8 

3 

4.08 

3.33 
2.79 

4.43 

2.98 
2.94 
3.Dl 

16.8 

0.95 
10.2 
2.67 

5.56 
3.60 
5.35 
1.4 

242 

1.33 

2.95 

3.35 

81.4i15.5 81.217.6  302t22.4 356i25.6 19.5i0.28 71.1i242 

1 U  

3 

5.55 
3.51 

0.86 
2.45 

5.64 

8.05 
11.4 

13.6 
14.9 

5.38 
11.0 
5.72 
3.m 
2.87 
12.2 

6.79 
12.8 

0.67 

124i5.28 

3 

13.0 

0.61 
4 . 0 8  

6.47 

0.39 

0.4 
0.21 

0.26 

22.Si5.30 



Gull 01 Alaska redlmenl umprs 
Slation 
Name (X) 

Pauls Paul. 

Dalecollkted lDAp.89 ZOJUCB9 
Meanwetwl. (g) 12.1 10.5 
Mean dry'& (g) 10.1 
N 

10.1 
3 

PAH'qnglg) 
3 

W ( M )   W ( 2 0 )  PM(21)  Cws(22) CoveCn) 
Petrol Q u k k m d  Qukksand 

OSMay-SO 27-Ap-89 l B A w 4 9  
20.1 
17.8 

20.0 
15.2 

20.1 

3 3 
17.6 
3 

Poinl (23) P& (23) 
T h k o v  Telmlw 

WApr-89 ZOJU189 
108 
10.1 

13.6 

3 
10.0 
3 

Cws (24) 
Vadanl 

lBA@ 
20.1 
17.4 
3 

17.7 
3 

2.26 
0.80 

Naph 
~enap2  
Menapl 
Dimelh 
C2naph 

Clnaph 
Trimelh 

Biphenyl 
Acenlhy 
Acenlhe 
Fluorene 
ClnuM 
CMuor 
c3nuM 
DlhW 
Cldlhio 
C2dlhio 
CWlhb 

Mephenl 
Phenanlh 

Clphenan 

C3phenan 

Anlhra 
Flmanl 

C M p h  

CZpheMn 

C4pheMn 

cInW 
Plrene 

Benanlh 
Chwsene 
Clchrvs 
CwuVr 
c-rls 
C4chv  
Bervobfl 
BmzoMl 
B e w y  
Benapy 
Perylene 
lndeno 
Diberv 
B - 9  
Total A r m a h  
(wlo Perylene) 

10.0 
2.40 
1.48 

4.40 
2.89 
1 .m 

5.41 

8.02 
13.4 

8 0 4  1.02 0.98 10.5 11.2 
1 .P 9.56 
0.84 6.25 

5.89 
12.5 
4.40 

27.8 
19.9 

3.08 

3.93 

0.40 
1.79 

5.30 

~~~ 

1 . 5 6  

0.42 
1.49 0.21 

4.74 8.54 

4.50 6.37 
9.24 11.8 

0.m 

4.16 
13.4 

0.18 

1 .& 

13.5 
14.0 
5.91 1 .sB 2.47 

2.38 
0.50 0.73 

0.39 0.52 
0.69 

0.70 

1.29 
0.58 
0.90 1.25 
2.55 4.20 

0.24 

0.08 

0.67 

1.72 
2.23 
0.53 

20.1 
19.7 

34.8 
37.3 
6.04 

4.18 
13.2 
6.78 
4.38 
2.5B 
14.2 

9.08 
14.1 

1.08 

9.31 
23.6 

13.4 
1 .w 41  .2 

9.54 
444 
348 
18.4 

15.2 

0.35 
0.50 
0.46 
0.62 

1.38 
1.32 
1 .&( 
2.73 

2.07 
0.75 

1.m 

0.W 
0.58 
0.69 

0.75 

0.55 1.14 0.36 29.9 
20.3 

0.18 

20.8 
28.5 
27.2 
12.9 

0.80 

220 
17.0 
12.5 
25.7 
12.3 

508 
16.3 

17.6 

13.9iS.S m i 3 2 4  

0.45 

0.28 0.51 

39.3t21.7 39.1t26.7 1.19tO.76 

0.26 

' 8.3ot3.12 lS.lt4.92 144t13.1 43.1*19.7 

1-15 



Table 11-8.--Concentrations of alkanes in SEDIMENTS collected from the Gulf of Alaska for this 
study. Table 1-4 contains a key for the alkane abbreviations used here. Tables 1 and 2 list the 
station names,  numbers, locations, and collection dates that correspond  with  those listed here. 
Stations established in 1977 described by Karinen et al. (1993)  are italicized. Concentrations  are 
means of n replicated determinations reported as ng alkandg dry tissue  weight;  the mean sample wet 
and dry weights are also given. "ALKANES" indicates the mean of  the sum of all alkanes detected, 
and "UCM" indicates  the unresolved complex mixture. "Total NAlkanes" is the sum of the listed 
mean  normal alkane concentrations  (i.e., pristane and  phytane excluded), followed by the standard 
error  of  the sum. Hyphens indicate concentrations below h4DLs adjusted for the sample weight. 
Only samples that had surrogate standard recoveries greater than 30% and  less than 150% are 
included  in this table; samples that  were excluded on this basis are listed in Table 11-10, 
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Station 
Name (a) 
Dale cdMd 

Mean dr/ wt. (g) 
Mean we1 wt. (g) 

N 
Aman- (WO) 

ClOalk 
Cllalk 
CIZam 
C13alk 
C14alk 
ClSIk 

C17alk 
Pnslans 

cmm 

cmm 
PhyCaM 
Clsalk 
C m l k  
C2talk 
C22ak 
C m l k  
c24am 
c a m  
C X d k  
C27alk 
C28alk 
C29alk 
C W  
C31alk 
c32am 
c 3 w  
C34alk 
ALKANES 
UCM 

Tdal 
NAlkanes 

20.0 
7.14 
3 

3.59 

93.3 

726 
17.5 

67.5 
29.4 
107 
330 
64.8 
rn 
722 
133 

33.7 
1740 
12.0 

9740 
327 
258) 
118 

121 

28.0 
23lM 
5610 

20.1 
10.5 
3 

2.19 
1 .w 

8.39 

M.9 

3.08 

6.28 

I63 

20.0 
15.8 
3 

8.08 

4.89 

4.71 
3.54 

20.9 

76.5 
13.1 

30.5 
93.8 
18.9 

11.8 

5.W 
715 
228 

171Wi1180 21.8t10.0 JOSf88.1 

17.3 
14.4 
3 

3.75 
2.69 
7.82 
16.2 
15.1 
13.6 
9.53 
6.03 
3.46 
3.22 
6.60 
5.88 
5.42 
5.42 
3.91 
3.70 
16.8 
5.E 
3.59 
3.67 

7.29 

561 
3070 

20.0 
16.0 
2 

6.85 
40.8 

209 
15.0 

39.2 

220 

450 
809 

138tlIO 104f48.Q 

M c h a W r  McDoMldr Maushks Paurs Petrol 
Lagmn(18) Lagmn(l8) Bay(l9) Bay(20) Pdnt(21) 
OoAw-89 20.Jt.4-89 21Ju189 l O A u 4 9  OoMay89 

14.4 
10.1 
3 

28.9 
8.88 
6.58 
4.43 

29.0 
14.2 

33.9 
15.3 

28.5 
7.58 
8.94 
S.40 
21.9 
26.3 
8.08 
19.7 
10.7 

0.07 
53.0 

112 
41.1 
91.7 
8.16 
7Q.9 

35.8 
11.1 

18.0 

13100 
741 

7Mt110 

10.5 
10.1 
1 

80.1 
6.26 
8.1 1 
5.18 
11.6 
11.8 

20.8 
16.8 

69.1 
13.8 
43.9 
21.3 
7.33 
6.37 

3.Q7 

7270 
24.9 

224 

20.1 
17.8 
3 

3.25 

2.25 

12.1 
10.1 
3 

31.5 
32.1 
2.57 
7.26 
11.8 
12.7 
9.43 
16.5 

4.44 
14.2 

42.6 
7.53 
4.57 
16.6 
5.44 
28.6 

52.2 
10.9 

0.35 
64.8 

81.2 
14.4 

5.58 
50.7 
5.34 
48.9 

613 
11.2 

I6500 

2 0 . 1  

17.8 
3 

5.62 

24.7 

1.41 

4.46 

79.4 
188 

11.5t9.45 
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Gull 01 Ala* sedimrd sanwies 
Statim 
Name (I) 

Qucksand Quicksand Telmkov Telnkw Verdard Verdard 

Datdsolleded 27-Ap-09 lEAug-89 14Apr-09 X-Jd-09 27-Apr-09  lBAvp-69 
Cow(22) Cove(P) Pdnt(23) Point(23)  Cove(24) Cwe(24) 

Mean wef wl. (a) M.0 20.1 108 13.6 20.2 M.1 
Meandrywl. (g) 15.2 
N 
Alkanes (Wg) 

ClOalk 
CllaUc 
C12aUc 
Cl%k 

Clsalk 
Cl4alk 

CIGalk 
Cl7alk 
Pristane 
Clhlk 
Phf im 
Clsak 
CMaUc 
CZlalk 
CPalk 
C2bR 
C24alk 
C25alk 
C2sak 
C27aCi 
C28ak 
C29a* 
CjDalk 
C31ak 
C 3 M  
C a l k  
CJ.(aL 
ALKANES 
UCM 

Tdal 
NAlkwKI 

3 

I .70 

1.80 

42.3 
zogo 

17.6 
3 

0.30 

4 .9 

10.1 10.0 17.7 
3 

45.2 
17.9 

3.07 
1 .66 

6.75 
10.6 
17.5 
2.75 

1 .As 

2.99 

1.58 

112 
5620 

3 3 

m.3 2.91 

19.0 2.13 
15.7 4.70 

28.8 
26 0 

66.6 128 
28.4 
459 
25.1 
9.63 
12.0 

5.02 
5.08 
9.55 1 .m 
22.4 

4.82 

13.5 

5.10 

72.8 
1 2 5 M  1380 

141 

3.sx3.50 8.3868.38 w.2i12.0 271a20.0 11.4t7.06 

17.4 
3 

4.34 

72.1 
325 

118 



Table 11-9.--Concentrations of PAHs in samples where deuterated  surrogate  standard recoveries 
were outside  the range 30% to 150%. Mected PAH concentrations are indicated by the symbol 
"A". Other symbols and conventions are  as described in Table 11-1. 
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I s b  (2) 
06-Ma189 

10.2 
0.71 

1 

Bay of 
I S k  (2) 
Bay Of 

1BAug49 
9.79 
0.59 

2 

12) 
0ay 01 

SAP-90  
10.1 
0.91 

1 

Wand (3) 
w 

05AupOo 
11.5 
0.81 

1 

Wand (3J 
sreh 

17-Ap591 
8.88 
0.80 

1 

Cnb Cnb 

10.9 
0.92 
2 

10.7 
0.75 

3 
0.84 

I 
1.18 
1 

A 
A 
A 

11.8 

A 
A 
A 

A 
A 

83.6 
A 

419 

A 

A 
A 

A 
A 
A 

A 
A 
A 

A 

A 
A 

A 
A 
A 

A 
A 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

A 
A 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

A 
A 

A 
A 

A 

A 
A 

44.5 
10.9 

20.1 
10J 
50.1 
12.9 

A 
A 
A 

A 
A 
A 

11.4 17.9 10.0 10.6 
128 
823 
538 

13.2 
9.82 

16.2 
17.0 
19.9 

11.3 

8.07 13.9 27.3 

19.4 
145 
539 
661 
95.4 
562 
1750 
2070 
163 
271 

6.35 

13.4 

7.76 
8.21 

P.8 
14.1 
12.9 

22.3 
13.1 

22.7 

25.7 
20.2 
M . 2  
2.21 
11.1 
25.2 
35.5 

6.63 
5.01 

21.9 
24.6 
47.4 
11.0 

Zg.6 
64.3 
70.6 

73.1 
17.1 

lga 

37.3 
149 

108 
204 
376 
278 
38.4 

13.6 

7.50 

21.8 
165 
294 

7.97 
44.6 
254 

64.0 
348 

9.38 
44.3 
57.2 

7.89 
17.0 

13.6 

10.5 
12.5 

_. . 
1320 
M50 
2840 
768 

8.00 
19.2 
28.2 
7.1 1 2 8 . 6  

49.5 
45.9 
279 
283 

12.2 

58.0 
182 
59.7 

14.9 
19.1 
17.2 

5.30 
8.81 
8.20 

37.9 
731) 
8.00 

10.9 474 8.63 
282 

9.42 
158 

~~ ~ 

24.4 

47.5 

I20 



Island (7) 
Green 

OJAp-89 
9.W 
0.80 
1 

A 
A 
A 

52W 
6110 

31sW 
5870 

18700 
11W 

6450 
1530 

12400 
8780 
3260 
106w 
1 sm 
8950 
55M) 

5010 
l&(w 
21 400 
lsgw 
1690 
1 87 
334 
3e4 
1 9 2 0  
52.0 
1140 
1750 

12W 
588 

396 
159 

297 
52.4 

54.6 

Naked 

2l-JUngO 
Island (8) 

10.7 
1.26 
1 

A 
A 
A 

5.68 

8.53 
6.44 

Island (8) 
Naked 

M A * - 9 2  
10.9 
120 

1 

A 
A 
A 

9.17 

Bay (9) 
O b t l  

16Aug89 
9.92 
0.66 

3 

A 
A 
A 

(1.64 
41.9 
13.5 

3.08 

15.8 

Bay (9) 
W-AugQO 

11.2 
1.12 

1 

Oken 

A 
A 
A 

6.30 

9.00 

BEY (9) 
Olsen 

15Apr-91 
10.1 
0 81 

1 

A 
A 
A 
A 

A 
A 
A 

121 

Peml 
Idand(l0) 
1 6 A W  

8.% 
0.74 

1 

20.5 

26.8 

25.6 
18.2 

7.m 

24.5 
21.7 

21 .l 
26.5 
18.7 
7.81 

53.6 
27.6 

51.2 
13.5 

A 
A 
A 
A 
A 
A 

Island (10) 
PmY 

1aApr-91 
9.15 
1.01 
1 

9.15 
10.2 

A 
A 
A 
A 

10.4 
A 
A 
A 

Bay (12) 
SMash 

16Aug.m 
9.08 
0.73 

1 

A 
A 
A 

7.75 

A 
A 
A 
A 
A 
A 
A 
A 

Bay (12) 
h a s h  

laApr.91 
9.11 
0.73 

1 

A 
A 
A 

11.6 

Zb.0 



1.07 
I 

A 
A 
A 

A 
A 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A. 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

0.79 
2 

A 
A 
A 

17.7 
3.80 

18.5 
52.6 
58.4 

P.0 
85.0 
958 

27.1 
58.1 
1 24 
I44 
28.6 

13.0 
16.7 
4.54 

M c h l d s  
Lagoon (18) 
0 0 A p r B 9  

5.46 
2.36 

1 

27.0 

A 
A 
A 
A 
A 
A 
A 
A 

"WS 

Laaoon (18) 
rnW 

0.79 
5.24 

1 

38.5 

17.8 

A 
A 
A 
A 
A 
A 
A 
A 

Momle 
B w ( W  

21Juc89 
9.29 
1.11 
2 

A 
A 
A 

32.2 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

A 
A 

A 
A 

A 
A 
A 
A 
A 
A 
A 
A 

122 

Bay (m) 
P d .  

lOAp-SS 
5.36 
I .ffi 
1 

A 
A 
A 
A 
A 
A 
A 
A 

T- 
Poil(P) 
l4-A~p-W 

5.27 
1 . m  
1 

336 
51.2 
35.0 

16.9 

A 
A 
A 
A 
A 
A 
A 
A 

cow (24) 
V@nt 

27-ApB9 
8.31 
1.33 
1 

A 
A 

13.2 
A 

32.8 
15.6 

167 
172 
9.25 

4.37 

83.5 
11.4 

488 
381 
33.8 
21 6 

435 
563 

71.9 
97.4 
462 
818 

M.1 

12.8 
12.5 
63.8 

51.4 
3.31 

74.1 
28.6 
35.3 

9.75 

17.1 

773 



Station 
Name (#) 
Dale cdlecled 
Mean wet w t .  (g) 
Mean dry wl. (9) 
N 
PAH's(nglg) 

Naph 
Menap2 
Menapl 
Dimelh 
C2naph 
Trimelh 

C4naph 
C3naph 

Biphenyl 
Acenlhy 
Acenlhe 
Flwrene 

CMwr 
Cll lwr 

C3lluor 
OilM 
Cldihio 
C2dihio 
C3dilhlo 
Phenanm 
Mephenl 
ClpheMll 
c2phenarl 
c 3 p h e ~ n  
C4phenan 
Anlhra 
Flwranl 
P P W  
ClllUMa 
Benanlh 
C h W M  
c1chI-p 
C2ch1ys 
C3chrys 
C4chrys 
Benzobll 
BenzoMl 
Benepy 

Perylene 
Benapy 

lndeno 
DlWW 
Benzop 

Island (3) 
er'sh 

zaMSr-89 
20.3 
13.4 
1 

A 
A 
A 

1.87 

0.80 
. .  

2.12 

6.30 

2.44 

Island (3) 
2kApr.90 

20.3 
13.3 
i 

w 

A 
A 
A 

2.50 

2.00 
24.2 

1.62 

3.51 

Elri~glon 

07-Aug-90 
ishand (6) 

20.2 
16.2 

1 

A 
A 
A 

7.38 

Island (8) 
Naked 

10.6 
7.48 

1 

OBApiBS 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

1.66 
I .98 
1.48 
17.4 

0.62 
4.29 

7.33 

9  75 

1 

2.63 
6.58 

4.62 
1 .66 

8.46 
0.69 
3.50 

3.94 

10.9 
10.3 
4.82 

1 32 
1 .n 
0.70 

34.8 
4.75 
24.4 
7.42 
2.52 

4.57 
6.07 
5.74 

A 
A 

A 
A 

A 

8.11 
A 

4.01 

11.4 
0.94 
0 90 
3.58 

Bay (12) 
Stwash 

2cJun-00 
200 
13.0 

1 

a 
A 
A 

1.48 
I T 5  

4.77 

(13) 
Sleew 

1BApr-91 
20.0 
15.5 
1 

1.11 

0.67 

2.72 
1.79 

1.32 

2.41 
4.02 
2.54 

0.77 
1.10 

1.48 
A 
A 
A 
A 
A 
A 
A 
A 
A 

0 89 
A 

A 
A 
A 



Table  11-10.--Concentrations of alkanes  in  samples  where  deuterated  surrogate  standard  recoveries 
were outside  the range 30% to 150%. Affected  alkane  concentrations  are  indicated by the  symbol 
"A". Other  symbols and conventions are as described in  Table 11-2. 
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Prince William Sound r w s d  san!$& 
Slalion 
Name (#) 

Barnes 

Dale wlkded 24Jun-69 
CDW ( 0  

Mean wet v d  (0) 
Mean  dry w(. (Q) 
N 
Alkam (We) 

Clb lk  
Cllalk 
C12ak 
c13aalk 
Cl4alk 
Clsalk 
Cl6alk 
C17alk 
PllStaIX 
c1Balk 
p m w  
CIWk 
C2Oak 
C2lalk 
C a l k  

c24ak 
C25alk 
C26alk 
C27alk 
C a l k  
C a l k  
C m l k  

c32alk 
C3lalk 

C33alk 
C34& 
ALKANES 
UCM 

cmm 

9 3  
0.75 

1 

A 
A 
A 
A 

1310 

nm 

cow ( 0  
Barnes 

PJUn-90 

0.89 
11.0 

1 

A 
A 
A 
A 

265 
860 
372 
504 
651 

5970 
70200 

Isles (2) 
Bay 01 

25-Apr-90 

0.w 
10.1 

1 

A 

A 
A 

A 

5110 
74wo 

I* (2) 
Bay Of 

22-Jun-go 
10.3 
0.93 

1 

A 
A 
A 
A 

695 

421 

205 

163 
71.8 

140 
173 

140 

gsgo 
76800 

Is*. (2) 
Bay 01 

06AUg-90 
9.66 
0.77 

1 

A 
A 
A 
A 

521 
441 
wo 
640 

388 
357 

263 

116 

177 

131wO 
76800 

l&s (2) 
Bay Of 

IO-Ap-91 
8.81 
0.58 
2 

A 

A 
A 

A 

3880 
ggwo 

Crab 
Bay(5) Bay(5) lshnd(6) I s M ( 6 )  I W ( 6 )  Island (6) 

Crab Elriwtw Elrlngton EHr~tm Ebiwim 

07-Mays9 ZQ-Apr-91  IO-Jun.89  17-Aw-69  2SAw-90  07.Aw-90 
10.4 9.79 
0.78  0.78 0.79 

..  .. 
0.95 

I1.i 
1.28 

2 

A 
A 
A 

I69 
A 

658 
515 
281 

11x0  
188 
576 

262 

z95 

192 

181 
195 

3 m  
142wo 

1 

A 
A 

A 
A 

732 

1770 
651 

3190 

858 

jO200 

1 1 m  

~~ 

10.7 
0.75 

1 

A 
A 
A 
A 

910 
2760 
15200 
973 
3200 
2wo 
4320 
23% 
1990 
2660 
3470 
zgso 
3560 
2270 
2580 
13% 
850 

zm 

2 1 m  
1m 

I 

A 
A 
A 
A 

717 
1460 
1210 
2810 

1850 

1250 

296 

282 

476 
Po 

42800 
1oMKx) 

1 

A 
A 
A 
A 

243 

6460 

1 67 

88.3 

124w 

I 

A 
A 
A 

309 
A 

899 
912 
1270 
5470 

2450 
447 

lpo 
895 

531 
851 
421 
149 

€43 
145 

91 m 
75900 



kland (8) 
N M  

lWun89 
10 8 
1.19 
1 

A 
A 
A 
A 

232 

1760 

146 

ZW 
M.4 

167 

413 
163 

318 
393 
tm 

(Ma) 
032M 

Bay 0 
Olson 

2ICApr-00 
10.2 
0.91 

1 

A 
A 
A 
A 

536 

00.9 

4560 
ZOm 

BEY 0 
O&n 

00-Aue90 
10.8 
0.92 
2 

A 
A 
A 
A 

223 
671 

74.8 

60.4 

o m  
Ids00 

0.65 
1 

A 
A 
A 
A 

88400 
3940 

0.88 
1 

A 
A 
A 
A 

248 
372 

494 

227 

m 
698(10 

Bay 112) 
SNadI 

IICApr-DI 
9.11 
0. ?3 

1 

A 
A 
A 
A 

422 

18m 

6590 
5510 

W ( 1 3 )  
s*epy 

2BAprgP 
9.58 
0.M 

1 

A 
A 
A 
A 

4m 

1 5 6 M  

641 
217 

88.4 

1 87 
1W 
81.8 

145 

2a8 

137 

347m 
1 p M o  

126 



clmk 
Cllalk 
Cl2alk 
Cl3alk 
Cl4alk 
ClSalk 
ClGalk 
C17& 
PliShlM 
ClBalk 
Ph@N 
ClSalk 
C a l k  
CZl* 
CPalk 
Cpalk 
C24alk 
c w  
C28slk 
cnalk 
CZBalk 
CiSalk 
C3Oalk 

C32alk 
cjtalk 

CUPlk 
C34alk 
ALUANES 
UCM 

9 . k  
0.79 
2 

A 
A 
A 
A 

607 

3110 

286 

136 

1 24 

102 

337 
171 

140M 
161Mo 
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Prince  WiUiam Sand sediment samples 
Statim 
Name (X) 

Barnes Barnes Elringlm m e n  Rocw 
Cove(1) Cove(1) lsland(6) Say@) Bay(l1) 

Datecollected OMW-89 31-Mar- lOMsvsS WAw-80 WMav.89 
Mean wet wt. (g) 
Mean dry wt. (g) 
N 

Alkanes ( W g )  

Clb lk  
Cllaik 
Cl2alk 
ClJalk 
C14alk 
ClSalk 
ClSalk 
C17alk 
Pristane 
C l W  
Phytane 
Ct9ak 
C20alk 
C2lalk 
CPalk 
C23dk 
C24alk 
C25ak 
C26alk 
C27ak 
C M  
C29alk 
CjDauC 

C32& 
CJlalk 

C33alk 
C34alk 
ALKANES 
UCM 

20.5 
7.05 
1 

A 

A 
A 

A 

63.1 

m 1  
50.8 

3M 
33.0 
461 
95.7 
4c4 

51  1 
110 

IS3 
1680 
135 
lOB0 
158 

86.0 

11900 
2550 

20.2 
10.4 
1 

A 
A 
A 
A 

28.0 
24.9 

9.50 

P.9 
11.7 
4 0 . 5  

54.9 
227 
231 
17.5 

21.5 
11s 

1110 
333 

2.i3 
1.88 
2 

A 
A 
A 

1130 
A 

2210 
16W 

2450 
5050 
2len 
21ffl 

26w 
1910 

1830 
1SsD 

2Mo 
1653 
xu0 
1510 
p60 
logo 
557 

728 

772 
138Wo 
7 lMo  

l n o  

6.27 
10.3 

1 

A 
A 

A 

82.2 
A 

38.8 

124 

72.0 

75.7 
14.8 

822 

143 

I40 
31.2 

8820 

20.1 
14.2 
1 

A 
A 
A 
A 

39.3 

lo50 
6.36 

25.0 

76.8 
8.29 
45.5 

349 

39.4 

115 

S . 9  
18.0 

3670 
1403 
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Dale cdleded 
Mean wet wl. (p) 
Mean dly wl. (a) 
N 

Alkanes (W9) 

Cl  lalk 
C12alk 
C lWk  
Ct4alk 
ClSalk 
CIGalk 
Cl7alk 
PlistalE 
CIBalk 
P h e w  
Cl9alk 
C m l k  

CZZalk 
C23alk 

C2Sak 
c24alk 

C 2 W I  
C27alk 
CZBalk 
CZOalk 
C3Oalk 
CSlalk 
C32alk 
C33alk 

ALKANES 
UCM 

clmac 

CZlalk 

c34am 

10.4 
10.1 
2 

3.59 
29.0 

6.34 
2.48 
12.8 
12.8 
13.8 
19.6 
64.2 
12.1 
39.0 
18.8 
5.84 
4.72 
1.78 
A 

A 
A 

A 
A 
A 
A 

47.4 
9470 

10.5 
10.1 
3 

7.- 
4 3 . 5  

4.49 

14.6 
12.4 
16.6 
24.4 
41.6 
18.1 
48.6 
23.3 
6.34 
8.91 
6.52 

A 
A 
A 
A 
A 
A 
A 

3 8 . 4  

8870 
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Table 111-1 .--Summary of calibrated PAH concentrations measured in calibration stability samples. 
A mid-level calibration standard (prepared from NIST standards) was analyzed in the middle and 
near the end of each batch of 12 mussel or sediment samples, to verify the accuracy and stability of 
the calibration curve determined initially for the batch. Listed below for each calibrated PAH is (1) 
the mean measured concentration, calculated from all the verification standards analyzed; (2) the 
standard deviation associated with (1); (3) CV, calculated as 100 times the ratio of (2) and (1); (4) 
the nominal concentration ofthe standard; ( 5 )  the percent accuracy, calculated as 100 times the ratio 
of (1) and (4); and (6 )  the number, n, of verification standards included for these calculations. A 
total of 73 batches were analyzed; n may be less than twice this number due  to unacceptable 
recovery of associated deuterated  surrogate  standards (see Methods section). Concentrations  are ng 
PAWg, with 1 g dry weight sample assumed. 

Aromatic cv Expected 
&drocarbon  Mean  SD (Yo) Value  Accuracy 11 

Percent 

Naph 345 6.41 1.86 345 100. I 146 
Menap2 394 9.36 2.37 395  99.9 146 
Menapl 413  10.6 2.57 415  99.6 146 
Dimeth 358  9.55 2.67 360  99.4  146 
Trimeth 325 8.43 2.59 330  98.5 146 
Biphenyl 349 IO. 1 2.89 350  99.8 146 
Acenthy 343 15.1 4.40 348  98.4  146 
Acenthe 365  9.65 2.64 364 100.4 146 
Fluorene 362  13.4 3.69 364  99.6  146 
Dithio 394  15.3 3.88 400  98.4  146 
Phenanth 351  9.87 2.62 351 100.0 146 
Mephenl 343  11.7 3.42 350 98.0 146 
Anthra 393  13.8 3.51 391 100.5 146 
Fluorant 286  15.3 5.37 296 96.7 146 
b e n e  285  14.8 5.19 295 96.9 146 
Benanth I78 19.3 10.8 180 99.4 143 
Chrysene 349  24.0 6.88 352  99.2 143 
Benzobfl 253  18.0 7.11 263 96.5 143 
Benzokfl 272 16.5 6.07 279 97.5 143 
Benepy 273  21.7 7.95 281 97.7 143 

Perylene 351  19.3 5.48 356 98.6 143 
Indeno 298  22.5 7.57  315 94.8 143 
Dibenz 248 22.9 9.23  259 95.7 143 

BenaPY 333 15.8 4.73  340  98.2  143 

BenzoD 249 19.8 7.97  265 94.0 143 
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Table III-2.--Summary of selected calibrated PAH  concentrations measured in mussel reference 
samples. Two reference samples were processed and  analyzed  with each batch of 12 mussel 
samples. Listed below for each calibrated PAH is (1)  the mean  measured concentration, calculated 
from all the reference samples analyzed; (2) the standard deviation associated with (1); (3) CV, 
calculated as 100 times the  ratio  of (2) and (I), (4) the nominal PAH  concentrations present in each 
sample due  to  the reference spike, as determined by the  NIST; (5) the percent accuracy, calculated 
as 100 times the  ratio  of  (1) and  (4);  and (6) the number, n, of reference samples included for these 
calculations. A total of 36 batches  were analyzed; n is less than twice this number due to 
unacceptable recovery  of associated deuterated  surrogate standards, and because nine batches were 
analyzed with  a different reference material (see  Methods  section).  The  PAHs in these reference 
samples were supplied by NIST.  Concentrations  are ng P M g ,  with 1 g dry weight sample 
assumed. 

Aromatic cv Expected Percent 
Hvdrocarbon Mean SD (%) Value Accuracy 12 

Phenanth 
Mephenl 
Fluorant 
Pyrene 
Benanth 
Chrysene 
Benepy 
Benapy 
Indeno 

23 5 
81 

227 
183 
92 

133 
66 
42 
14 

31.4 13.4 
16.9 20.9 
38.2 16.8 
35.8 19.6 
18.0 19.6 
25.2 19.0 
9.30 14.0 
8.80 20.9 
3.97 28.0 

205 
69 

169 
136 
78 

106 
50 
39 
19 

114.7 
117.6 
134.4 
134.4 
118.3 
125.1 
133.3 
108.4 
74.3 

53 
53 
53 
53 
53 
53 
52 
52 
52 
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Table III-3.--Summary of calibrated PAH concentrations measured in sediment reference samples. 
Two reference samples were processed and  analyzed with each batch of 12 sediment samples. 
Listed below for each calibrated PAH is (1) the mean measured concentration, calculated from all 
the reference samples analyzed; (2) the standard deviation associated with (1); (3) CV, calculated as 
100 times the ratio of (2) and (l), and the number, n, of reference samples included for  these 
calculations. A total of 37 batches were analyzed; n is less than twice this number due  to 
unacceptable recovery of associated deuterated  surrogate  standards.  The PAHs in these reference 
samples were supplied by NIST. Concentrations are ng PAWg, with 1 g dry weight sample 
assumed. 

Aromatic cv 
Hydrocarbon Mean  SD (YO) i1 

Naph 93 5 66.4 7.10 72 
Menap2 1120 63.7  5.69 72 
Menap 1 730 39.3 5.39 72 
Dimeth 524 58.4  11.2 72 
Trimeth 262 21.1 8.04 72 
Biphenyl* 210 29.5  14.0 68 
Acenthy  33 3.07 9.32 72 
Acenthe 33 8.08 24.3 72 
Fluorene 114 17.7  15.4 72 
Dithio 155 22.6 14.6 73 
Phenanth 713 91.3  12.8 73 
Mephenl 309 155 50.1 73 
Anthra 108 28.2 26.1 73 
Fluorant 533 114 21.3 73 
Pyrene 491 68.6 14.0 73 
Benanth 195 44.4 22.7 73 
Chrysene 319 65.7  20.6 73 
Benzobfl 663 122 18.5 64 
Benzokfl** 64 
Benepy  283 53.2  18.8 64 
Benapy 142 24.6  17.4 64 
Perylene 254 48.5 19.1 64 
Indeno 141 33.1  23.4 64 
Dibenz 41 14.4 35.2  64 
BenzoD 131 38.7 29.6 64 
* Excluding results from one batch of reference material that  was consistently elevated by a factor 
of about nine. 
** Below MDL in the reference samples. 
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Table III-4.--Summary of calibrated PAH concentrations measured in spiked  method  blank samples. 
A method blank  sample spiked with a  NIST PAH standard was analyzed  with each batch of 12 
samples, to assess method accuracy. Listed below for each calibrated PAH is (1) the mean  measured 
concentration, calculated from all the verification standards analyzed; (2) the  standard deviation 
associated with (1); (3) CV, calculated as 100 times the ratio of (2) and (1); (4) the nominal 
concentration of the standard, (5) the percent accuracy, calculated as 100 times the  ratio of (1) and 
(4); and (6) the number, n, of verification standards included for these  calculations.  A  total of 73 
batches  were analyzed; n is less  than this  number due to unacceptable recovery of associated 
deuterated  surrogate  standards  (see  Methods  section).  Concentrations  are ng PAWg,  with 1 g dry 
weight sample assumed. 

Aromatic cv Expected Percent 
Hydrocarbon  Mean SD (%) Value Accuracy n 

Naph 
Menap2 
Menap 1 
Dimeth 
Trimeth 
Biphenyl 
Acenthy 
Acenthe 
Fluorene 
Dibenzo 
Phenanth 
Mephenl 
Anthra 
Fluorant 
Pyrene 
Benanth 
Chrysene 
Benzobfl 
Benzokfl 
Benepy 
Benapy 
Perylene 
Indeno 
Dibenz 

821 
975 

1030 
789 
787 
850 
805 
878 
928 
554 
883 
868 
908 
723 
716 
41 1 
849 
734 
756 
785 
805 
833 
743 
608 

51.5 
48.0 
54.9 
87.1 
43.2 
48.4 
64.6 
43.2 

101.5 
62.1 
80.5 
67.1 
86.2 
58.8 
65.4 
59.5 

122.3 
109.2 
106.2 
106.4 
64.4 
81.7 
70.9 
77.3 

6.27  827 
4.92  947 
5.33 996 

11.0 864 
5.49 792 
5.70 840 
8.02 83 5 
4.98 874 

10.9 872 
11.2 600 
9.11 84 1 
7.73 840 
9.50 93 8 
8.13 709 
9.13 707 

14.5 43 1 
14.4 844 
14.9 630 
14.1 668 
13.6 674 
8.00  815 
9.80 854 
9.54 755 

12.7 622 

99.3 
103.0 
103.4 
91.4 
99.4 

101.2 
96.5 

100.4 
106.4 
92.4 

105.0 
103.3 
96.8 

102.0 
101.3 
95.4 

100.6 
116.6 
113.2 
116.5 
98.8 
97.6 
98.4 
97.8 

70 
70 
70 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
70 
70 
70 
70 
70 
70 
65 
70 
70 

Benzoo 644 47.8 7.42 63 5 101.4 70 
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Table III-5.--Summary of alkane concentrations measured in calibration stability samples. A mid- 
level calibration standard  was analyzed in the middle and near the end of each batch of 12 samples to 
verify the stability of the calibration curve determined initially for the batch. Listed below for each 
alkane is (1) the mean measured concentration, calculated from all the verification standards analyzed; 
(2) the standard deviation associated with (1); (3) CV, calculated as 100 times the ratio of (2) and (1); 
(4) the nominal concentration of the standard; and (5) the percent accuracy, calculated as 100 times 
the ratio of (1) and (4); and (6) the number, n, of verification standards included for these 
calculations. A total of 73 batches were analyzed. Concentrations are ng alkane/g, with 1 g dry 
weight assumed. 

cv Spike Percent 
Alkane  Mean SD (YO) Amount Accuracy n 

c10 
c11  
c12 
C13 
C14 
CIS 
C16 
C17 
Pristane 
C18 
C19 
c 2 0  
c 2  1 
c22  
C23 
C24 
C25 
C26 
C27 
C28 
C29 
C30 
C32 

12770 
12170 
13000 
13440 
12900 
12130 
13420 
14750 
13960 
15490 
13600 
12190 
11860 
13270 
1 1890 
12360 
11640 
1 1540 
4860 

13120 
1 1730 
12290 
11390 

581 4.55 
131 1.08 
96.1 0.94 

146 1.09 
275 2.13 
182 1 S O  
147 1.09 
500 3.39 
334 2.39 
277 1.79 
195 1.43 
196 1.61 
236 1.99 
382 2.88 
332 2.79 
349 2.82 
344 2.96 
371 3.21 
175 3.60 
359 2.74 
377 3.22 
286 2.33 

1170 10.3 

12740 
12120 
12890 
13260 
12740 
11980 
13180 
14470 
13550 
15410 
13490 
12080 
11750 
13370 
1 1980 
12470 
11760 
1 1680 
4930 

13010 
1 I650 
12300 
11640 

100.2 
100.5 
100.9 
101.4 
101.3 
101.3 
101.8 
102.0 
103.0 
100.6 
100.8 
100.9 
101.0 
99.3 
99.2 
99.1 
99.0 
98.8 
98.7 

100.8 
100.7 
99.9 
97.9 

146 
146 
146 
146 
146 
146 
146 
146 
146 
146 
146 
146 
146 
146 
146 
146 
146 
146 
146 
146 
146 
146 
146 

c34  1 I320 1930 17.1 1 1920 95.0 146 
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Table III-6.--Summary of alkane concentrations measured in  mussel reference samples. Two 
reference samples were processed and analyzed with  the 27 batches of mussels (9 of  the batches were 
analyzed with different reference materials not summarized here). Listed below for  each alkane is (1) 
the mean measured concentration, calculated from all the reference samples analyzed; (2) the standard 
deviation associated with (1); (3) CV, calculated as 100 times the ratio of  (2) and  (1); and (4)  the 
number, n, of reference samples included for these calculations. The reference spikes were prepared 
from commercially purchased alkanes. The concentrations are ng alkane/g, with 1 g dry weight 
assumed. 

c10  1140 156 13.7 54 
c11  1200 148 12.3 54 
c12  1300 150 11.6 54 
C13 1420 191 13.4 54 
C14 1310 196 14.9 53 
C15 1200 175 14.6 54 
C16 1290 158 12.3 54 
C17 1420  183 12.9 54 
Pristane 1400 168 12.0 54 
C18 1550  181 11.7 54 
c19  1380 165 12.0 54 
e 2 0  1230 154 12.5 54 
c2 1 1230 158 12.9 54 
c22 1375 168 12.2 54 
C23 1230 156 12.6 54 
C24 1280 163 12.7 54 
C25 1210  160 13.2 54 
C26 1190 165 13.9 54 
C27 512 75.2 14.7 54 
C28 1350 179 13.2 54 
C29 1220 156 12.8 54 
C30 1270  163 12.8 54 
C32 1190 168 14.1 54 
c34  1220 190 15.5 54 
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Table III-7.--Summary of alkane concentrations measured in sediment reference samples. Two 
reference samples were processed and analyzed with the 37 batches of mussels. Listed below for 
each alkane is (1) the mean measured concentration, calculated from all the reference samples 
analyzed; (2) the standard deviation associated with (1); (3)  CV, calculated as 100 times the ratio of 
(2) and (1); and (4) the number, n, of reference samples included for  these calculations (n is less than 
twice the number of batches analyzed due  to unacceptable recovery of associated deuterated 
surrogate standards; see Methods section). The reference spikes were prepared from commercially 
purchased alkanes. The concentrations are ng alkane/g, with 1 g dry weight assumed. 

cv 
Alkane  Mean SD (YO) i1 

c10  1230 245 19.9 73 
c11 1490 154 10.4  13 
c12  1930 228 11.9 73 
C13 2210 240 10.9 73 
C14 2210 452 20.5 13 
CIS 2470 1010 40.9 73 
C16 2010 595 29.6 73 
C17 2220 181 8.17 73 
Pristane 1280 272 21.3 73 
C18 1580 185 11.7 13 
C19 1590 289 18.3 73 
c20  1430 188 13.2 73 
c 2  1 1400 124 8.86 73 
c22  1350 126 9.30 73 
C23 1480 129 8.67  13 
C24 1290 116 9.01 73 
C25 1720 170 9.89 73 
C26 1290  25 1 19.4 73 
C27 2000 413 20.7 73 
C28 1020 270 6.6 73 
C29 1890 267 14.2 73 
C30 710 139 19.6 73 
C32 471 110 23.3 73 
c34  965 227 23.5  13 
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Table III-8.--Summary of alkane concentrations measured in spiked blank accuracy evaluation 
standards. One of these  standards  was analyzed at  the end of each batch of 12 samples to verify the 
accuracy of alkane determinations. Listed below for each alkane is (1)  the mean measured 
concentration, calculated from all the verification standards analyzed; (2) the standard deviation 
associated with (1); (3) CV, calculated as 100 times the ratio of (2) and (1);  (4)  the nominal 
concentration ofthe standard; and (5) the percent accuracy, calculated as 100 times the ratio of (1) 
and (4). A total of 73 batches were analyzed; n is 71 because the spiked blank samples of  two 
batches were compromised during analysis. Concentrations are ng alkandg, with 1 g dry weight 
assumed. 

cv Spike Percent 
Alkane  Mean SD (YO) Amount Accuracv n 

c10  
c11 
c12  
C13 
C14 
C15 
C16 
C17 
Pristane 
C18 
C19 
c20  
c 2  1 
c22  
C23 
C24 
C25 
C26 
C27 
C28 
C29 
C30 
C32 
c34  

9610 
9970 

10890 
11340 
10300 
10010 
11210 
12510 
12160 
12480 
11060 
10000 
9750 

11160 
9960 

10350 
9710 
9600 
4040 

10900 
9730 

10200 
9550 
9620 

1350 
410 
392 
43 1 
653 
707 
572 

1230 
789 
68 1 
678 
575 
63 8 
428 
420 
432 
46 1 
489 
254 
554 
389 
420 
844 

1470 

14.10 
4.11 
3.60 
3.81 
6.34 
7.06 
5.11 
9.82 
6.49 
5.46 
6.13 
5.75 
6.55 
3.84 
4.21 
4.17 
4.75 
5.10 
6.29 
5.09 
4.00 
4.11 
8.84 

15.20 

10620 
10100 
10740 
11050 
10620 
9980 

10980 
12060 
11290 
12840 
11240 
10070 
9790 

11 140 
9980 

10390 
9800 
9730 
4110 

10840 
9710 

10250 
9700 
9930 

90.5 71 
98.7 71 

101.4 71 
102.6 71 
97.0 71 

100.1 71 
102.1 71 
103.7 71 
107.7 71 
97.2 71 
96.4 71 
99.3 71 
99.6 71 

100.2 71 
99.8 71 
99.6 71 
99.1 71 
98.6 71 
98.4 71 

100.6 71 
100.2 71 
99.6 71 
98.4 71 
96.9 71 
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Table III-9.--Summary of alkane concentrations measured in NIST-derived accuracy evaluation 
standards (QA-CH-2). One ofthese standards was analyzed at  the end of each batch of 12 samples to 
verify the accuracy of alkane determinations. Listed below for each alkane is (1)  the mean measured 
concentration, calculated from all the verification standards analyzed; (2) the standard deviation 
associated with (1); (3)  the coefficient of variation (CV), calculated as 100 times the ratio of (2) and 
(1); (4) the nominal concentration of the standard, as determined by NIST; and (5)  the percent 
accuracy, calculated as 100 times the ratio of  (1) and (4). A total  of 73 batches were analyzed; 17 may 
be less than this number due to unacceptable recovery of associated deuterated  surrogate standards 
(see Methods section). Concentrations are ng alkane/g, with 1 g dry weight assumed. 

cv Spike Percent 
Alkane  Mean SD (%) Amount Accuracy 17 

c10  17490 786 4.49 18600 94.0 71 
c11 18150 596 3.29 21160 85.8 73 
c12  17580 550 3.13 18600 94.5 73 
C13 16550 5 60 3.39 17400 95.1 73 
C14 16290 576 3.54 17250 94.4 73 
c15  15970 667 4.18 16950 94.2 73 
C16 13960 426 3.05 14810 94.3 73 
C17 13210 669 5.06 13670 96.7 73 
Pristane 7920 432 5.46 8690 91.2 73 
C18 11920 513 4.3 1 12810 93.1 73 
Phytane 839 298 35.6 900 93.3 73 
C19 10190 423 4.16 10950 93.0 73 
c20  9910 46 1 4.66 10550 93.9 73 
c22  8150 334 4.10 8570 95.0 73 
C24 6100 294 4.82 6420 95.0 73 
C26 4570 359 7.85 4730 96.6 73 
C28 2940 289 9.82 3210 91.5 73 
C30 2200 303 13.8 2330 94.4 73 
C32 1980 885 44.6 1880 105.5 73 
c34  2060 1340 65.2 1610 127.9 73 
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About one-third of  the sediment samples collected in April and in June  1990  were sent to 
a different laboratory  for analysis than the remainder of the samples of this study. A total of 28 
samples were sent to  the other laboratory, and the hydrocarbon results reported by that 
laboratory, together with the circumstances of storage  at  that laboratory, indicate these samples 
were contaminated by diesel oil. We arrived at this conclusion after we established the following 
facts: 

(1) Sediment samples were collected and stored  as triplicates. Only 1 sample of each 
triplicate was sent to the  other laboratory. The remaining 2 samples were analyzed at  our 
laboratory. The sample selected from each triplicate for analysis at  the  other laboratory 
was selected at random. These samples were shipped in two catalogues; samples collected 
in April 1990  were in catalogue 6476, and those collected in June 1990  were in catalogue 
6412. 

(2) For each triplicate of samples, PAH concentrations were consistently highest in 
samples analyzed at  the  other laboratory. For example, TPAH concentrations in the 
samples analyzed at  the  other laboratory were higher than in the remaining samples of 
respective triplicates by 100 to over 1,000 ng/g (dry weight basis; Fig. IV-1). 

(3)  The  pattern  of relative PAH concentrations in each of  the samples analyzed at  the 
other laboratory is consistent with contamination by diesel oil. In samples from 
Constantine Harbor, Rocky  Bay,  and Sleepy Bay, this diesel oil-PAH pattern  augments 
PAH  patterns evident in samples collected from these  stations  at  other sampling times 
(compare PAH data of Tables 11-1 and IV-1; also see Fig. IV-2), while at  the remaining 
stations, this diesel oil-PAH pattern is consistently present by itself (Fig. IV-2). 

These  facts establish that samples sent to the  other laboratory were all contaminated by 
diesel oil, while the remaining sample replicates were  not.  The strict association of the diesel  oil 
PAH  pattern with the samples in catalogues 6472 and 6476 may have resulted from the following: 

(1 )  The sampled environment was patchily contaminated by diesel oil, and the samples 
that contained diesel  oil were sent to  the other laboratory by chance. However, this is 
very  unlikely, because the probability of this outcome if true is (1/3)23 (there  were  23 
triplicate sets involved). 

(2) Some of the samples were contaminated by diesel  oil during collection, and these 
samples were sent to the  other laboratory by chance. Again, this is unlikely, because the 
probability of this outcome iftrue is also (1/3)*’ . 

(3)  The sampled environment was broadly contaminated by diesel oil, which was not 
reliably detected by our laboratory. However, such broad-scale diesel oil contamination of 
sediments has not been corroborated by any other study, including other  NRDA studies 
for which the other laboratory was  the primary  analytical  facility. 
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(4) Samples shipped to the  other laboratory were contaminated during or after shipment. 
This alternative is hl ly  consistent with the  facts established above. 

On the basis of  these considerations, we decided to exclude from consideration all 
hydrocarbon data  for samples that  were included in catalogues 6472 and 6476. 
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Figure  IV-2.--A. Relative PAH  concentrations  characteristic  of sediment samples analyzed in 
catalogue  6476.  This sample was  collected from Perry Island in April 1990, and the TPAH 
concentration  was  376 ng/g (dry weight).  The TF’AH concentrations in the  replicates of this 
sample were less than 5 ng/g. B. Relative PAH concentrations  characteristic of sediment samples 
analyzed in catalogue 6472. This sample was collected  from Perry Island in June 1990, and the 
TPAH  concentration was 558 ng/g (dry  weight).  The TPAH concentrations in the  replicates of 
this sample were less than 30 ng/g. C. Relative PAH concentrations of  the sediment sample 
collected  June  1990 from Constantine  Harbor and analyzed in catalogue  6472. Note  that this 
pattern is similar to that of B above, augmented with the  pattern consistently found in all the other 
sediment samples analyzed from this station as depicted in Fig. 9 of the main text  (reproduced 
here  as D). 
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Table IV-1. Sediment hydrocarbon data excluded from consideration in this study.  These 
samples were analyzed together in batches, denoted as  catalogues  6472 and 6476, and displayed 
PAH contamination patterns  that  were characteristic of each batch. The characteristic 
contamination pattern was consistently present in each sample analyzed in these batches, but was' 
not corroborated in replicate samples analyzed in different batches. Conventions for the data 
displayed  in this table are identical with those given in the tables of Appendix 11. 
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Catalog 6472 
Pnwe W m m  Sound and Gull of Alaska aedinnnl samples 

Name (#) 
Statim 

Con(() I.l.yz, IUmd(3)  Harbor(4)  8.v(5) Island(6) Isiand(8) Bay(9) irland(l0) Bay(11) 
B.ma 8 .~01  Biigh CmslanliM Crab Elrington N a M  OiKn Peny R o c w  

Dalecolkcud Z2-Jun-90 P 4 u n - 9 0  21-JwbW PJun-90 22-Jun-90 22-Jun-90 21-Jun-90 26Jun-90 21-dun-90 22.~un-90 
, 23.7 

10.1 
1 

63.6 

30.5 
36.9 

96.9 
39.1 

64.1 
197 
178 
10.7 

9.98 
40.6 
85.0 
71.6 

52.6 
19.6 

32.5 
70.6 

32.0 
18.4 
69.0 
64.0 
27.4 
120 

6.52 
14.0 

2.80 
3.80 

3.34 
3.36) 

3.48 
2.54 

31.7 
4.51 

3.98 

12% 

17.0  14.7 
10.0 
1 

19.0 
10.5 
8.98 
15.7 
45.5 
24.0 

110 
112 

4.30 

23.0 
4.98 

132 
37.0 
11.1 
34.7 
44.3 
20.0 

11.8 
18.0 

39.0 
35.7 

9.71 
13.0 

1.52 
4.00 

1.46 

4.69 

0.98 

742 

10.0 
1 

6.68 

3.88 
4.87 

9.12 
23.5 
X.9 
74.0 
90.4 
3.16 

23.5 
3.78 

53.8 
40.0 
9.15 
35.1 
45.1 
18.2 

13.1 
14.7 

41.7 
36.2 

7.00 
13.0 

0.68 
3.05 

0.69 

15.5 

0.51 

553 

17.0 
10.0 
1 

22.8 
19.8 

20.9 
24.8 
64.0 
40.0 

154 
153 

13.9 

9.47 
33.9 
91.3 

9.17 
€5.7 

41.4 
28.6 

19.3 
40.9 
21.3 
74.5 

31.9 
86.0 

18.0 

3.54 
7.24 

2.1  1 
19.0 

7.44 
12.9 
15.6 
9.00 
5.70 
2.82 
4.45 
4.13 
1 .P  
31.6 

3.16 
2.45 

5.43 

1090 

15.9  11.8 14.2  16.4 
10.1 

I 

13.2 
8.16 
6.24 
11.1 
33.0 
25.6 
89.8 
925 
3.42 

4.18 

43.5 
19.7 

352 
9.39 
29.5 
33.8 
14.3 

10.3 
16.6 

33.1 
35.1 

6.82 
10.8 

3.65 
5.50 

2.08 

2.17 
36.6 

1.59 

563 

10.1 
1 

16.3 
10.5 
8.81 
12.2 
38.5 
16.9 

68.9 
74.4 

3.80 

2.44 

21 3 
11.0 

21.8 
5.69 

25.5 
18.1 

12.9 
10.3 
5.90 
21.2 
22.6 

4.96 
10.7 

1 .26 

1.74 

1.27 

414 

10.1 
1 

12.5 

6.56 
8.46 

13.0 
33.3 
29.8 
91.5 

3.86 
104 

26.2 
5.01 

51.5 
42.4 

32.8 
11.1 

44.6 
23.1 
18.1 
8.93 
42.0 
36.2 
16.3 
9.21 

1.69 
4.71 

1.49 

45.2 

1.11 

628 

10.1 
1 

16.0 
11.6 
8.82 
17.8 
502 
40.5 
141 
152 
5.43 

6.55 
35.9 
73.4 
€0.6 

53.6 
17.8 

27.1 
69.0 

27.4 

61.5 
16.9 

52.5 
M.2 
7.90 

1 .ffi 
6.49 

0.73 

10.8 

0.47 

907 

16.2 
10.0 

1 

8.74 
5.99 
4.28 
9.19 
26.1 
25.8 

90.2 
80.7 

2.96 

3.97 
23.3 
51.5 
35.9 
10.1 
24.8 
44.5 
17.3 

6.74 
16.5 

38.9 
33.8 
12.8 
7.62 

2.67 
4.12 

0.73 

4.49 

0.44 

558 

14.1 
10.1 
1 

21.3 
21.4 

25.8 
11.5 

44.7 
61.7 

148 

11.3 
143 

21.1 

68.3 
44.3 

49.0 
14.7 
41.3 
52.8 
24.6 
66.2 
16.8 
77.7 
51.6 
19.2 
11.5 
4.32 
12.6 
19.0 

2.29 
11.6 

9.47 
13.6 

2.77 
10.9 

51.2 

6.12 
9.26 

30.3 

1090 



Catalog  6472 
Prlnce  William Sound and Gulf of Alaska  sedlmenl  samples 
s1amn 
Name (X) 

Slwarh Sleepy Hams Quicksand Verddanl 
Bay(l2) Bay(l3) Bay(l7) Cove(p) Cwe(24) 

Dalecollecied ZSJun-sO 2Uun-93 24Jun-90 24-Jun-90 24-Jun-90 

Mean dry wt. (g) 
Mean wet wt. (g) 15.9 13.9  12 4 138 ( 0 5  

10.0  10.0 
~~~ 

10.0 
~ 

10.1 
N 
PAHs(nglg) 

Naph 

Menapl 
Menap2 

CZnaph 
Dimeih 

Trimelh 
C3naph 
C4naph 
Biphen)i 
Acenthy 
Acenthe 

ClllUOr 
Fluorene 

C2IlLCf 
c3nm 

CldlhW 
Dilhb 

CWlhio 
CXiihio 
Phenanlh 
Mephenl 
CI phenan 
CZpheMn 
c3phenan 
C4phman 
Anlhn 
Fluorant 
Pyene 
ClflWra 
Benanth 
C h w c  
C l c h w  
C2chw 

C4chrys 
C k h v  

Benzobn 
BenrDMl 
Benew 
Benapy 
Perylene 
lndeno 
Diben? 
Bemop 

Total  Arwnalics 
(wio Perylene) 

1 

11.4 
7.63 
5.97 
11.0 
50.4 
20.8 
73.3 
88.3 
3.42 

3.63 
20.7 
429 
39.1 
9.38 
26.0 
36.3 
15.8 

6.65 
15.6 

3.8 
29.5 

1.17 
3.67 

12.2 

0.48 

5w 

1 

15.1 
9.51 
7.47 
10.7 
28.1 

57.8 
15.5 

53.9 
4.05 

3.23 

25.1 
11.1 

29.9 
6.11 

50.0 
17.8 

25.6 

6.44 
12.9 

22.1 
50.2 
22.8 
17.3 

5 . z  

8.29 

7.23 
9.74 

8.08 
15.7 

7.65 

4.77 

2.50 

0.94 

505 

1 

1.61 

0.97 
1.13 

4 . 3  
3.46 

17.3 
13.5 

3.73 
11.9 

2.70 
19.1 

15.8 
7.99 
6.00 
3.90 
14.6 

5.64 
15.3 

9.09 

151 

1 

21.9 

8.59 
10.5 

29.6 

57.5 
14.8 

51.5 
3.40 

9 . n  

9.20 
18.3 

4.70 
17.1 

13.5 
17.6 
8.26 

4.42 
7.74 

15.8 

6.18 
15.0 

0.49 

317 

10.2 
2 

. ... 

13.9 
10.7 
8.88 
15.1 
41.6 
20.1 
76.7 
63.1 
3.52 

1.74 
10.9 
21.9 
21.3 
5.74 
15.9 
21.3 
9.44 

4.02 
8.33 

17.4 

6.55 
17.1 

2.04 

0.41 

37a88.7 



Catalog  6476 
pnn~e William  Sound  and Gull of Alaska  sedlmenl  SamoIes 
Slation 

D a l e c d l ~ R d  : 
Name (#) 

M e n  dry wl. (g) 
Mean rm wt. (9) 

10.0 10.0 
N 
P A W W g )  

Naph 
Menapz 
Menap1 
Dim& 
C2naph 
Trimelh 
C3naph 
C4naph 
Biphew 
Acenthy 
Acenthe 
Fluwem 
c lnw 
CZliW 
c 3 n w  
Ddhio 
Cldilhb 
Czdilhb 
C3dllhb 
Phemnth 
M e w 1  
Clpherun 
Czpherun 
Clphenan 

Anthm 
C4phenan 

Fluorant 
Pyla". 
clnuora 
Benanlh 
Chrysene 
CIchW 
C 2 c h ~  
C X h W  
C&hW 
Benrobfl 
BenmMl 
Benew 
BenaW 
Perytene 

DibenZ 
BenZop 

Total Aromatics 
(wlo Perytenc) 

IhdBM 

Barnes  Bay01  Bligh  Constantine  Crab  Eiringlon  Naked Perry Rocky sleepy 

5 A p i - W  25Apr-W 2BApi-So 2EAp-90 26-Apr-90 26Aor-90 24Aor-0 24-Am-0 25-Aor-90 26Aor-90 
COW(1) isler(2) Island(3)  Hartor(4)  Eay(5)  isiand(6)  island(8) lsland(l0) Bay(l1) Bay(l3) 

27.3 22.6  16.8 157 
10.1 

17.1 

1 

16.4 
8.21 
5.05 
11.0 
21.6 
28.0 
72.0 
109 
3.91 

5.54 
30.7 

120 

60.7 
11.6 

59.9 
111 

42.0 
33.8 
121 
128 
58.6 
31.8 

22.2 
13.8 

4.13 
14.4 

5.95 

6.88 

1 m  

2.88 
4.88 
5.35 
3.45 
49.6 
3.18 

2.99 

1210 

1 

5.16 
10.9 

2.76 
4.66 
13.1 
12.7 
46.2 
74.5 

16.4 
56.4 
70.7 
5.70 
33.5 
68.0 
42.6 
16.9 

60.2 
15.1 

75.4 
44.0 
24.1 

7.19 
3.12 

3.37 

15.1 

0.72 

881 

1 

7.37 
2.22 
0.M 

3.23 

6.52 
9.60 

2.56 
13.4 
18.1 

5.05 
12.3 
12.4 
4.00 
2.99 
16.9 
22.6 
13.8 
14.2 

0.84 

3.63 

1 .e 
4.46 
10.3 
4.26 
2.61 

10.5 

0.72 

194 

10.0 
._ 

10.0 
.~ 

1 

14.0 
17.8 
16.4 
14.2 
34.0 

46.1 
13.4 

60.1 
14.9 

5.59 
19.5 
63.8 
73.9 
4.66 
17.6 
32.7 
20.7 
41.5 

61.6 
16.6 

76.0 
43.1 
25.6 

5.53 
10.2 
28.1 
2.42 
12.0 
14.4 

4.81 
13.8 

3.36 
4.70 
2.14 
4.61 

37.8 

2.37 

818 

1 

5.86 
3.m 
2.17 
2.99 
7.35 
6.68 
18.0 
34.2 

10.1 
33.9 
43.9 
3.66 
20.2 
40.2 
22.1 
12.9 
7.37 
43.4 
51.9 
29.7 
12.1 

7.74 
5.45 

2.43 
1.45 

1.81 
45.2 

1.42 

421 

1 i.5 
10.0 
1 

4.18 
6.50 

3.49 
2.70 

10.2 
12.6 
41.4 
70.7 

16.8 
56.7 
73.1 
5.22 
33.2 
67.7 
36.9 
15.8 

36.8 
10.2 

76.9 
41.2 
16.9 

2.03 
6.47 

1.28 

623 

13.5 
10.0 
1 

3.41 
5.79 

2.17 
3.39 

9.68 
8.94 

30.3 
52.4 

13.9 
45.3 
58.5 
4.76 
27.1 
52.7 
28.6 
12.8 

50.0 
13.8 

57.3 
27.3 
14.0 

1 .m 
5.55 

0.97 

36.3 

0.67 

504 

17.8 
10.0 
1 

2.91 
1.71 
1.12 

4.83 
14.8 
29.6 

8.69 
30.8 
44.6 
3.55 

44.6 
19.7 

25.3 
9.95 
10.4 
36.3 
48.1 
27.5 
13.9 

3.04 
5.61 

1.71 

4.37 

0.57 

376 

15.1 
10.1 
1 

11.0 

4.13 
13.6 

9.89 
15.3 
6.17 
25.3 
37.8 
7.27 

16.8 
23.3 
40.7 
41.3 
5.05 

34.4 
18.9 

58.4 
21.0 

13.1 
65.7 
49.7 
25.3 
14.9 
4.19 
14.1 

M.5 
18.3 

2.20 

9.29 
11.8 

7.82 
2.48 

6.01 
12.2 

9.55 
3.04 
53.7 
5.03 
5.64 
15.2 

677 

12.7 
10.1 

1 

6.76 
4.83 
3.08 
4.46 
11.6 

37.2 
11.3 

65.6 

2.36 

50.3 
14.5 

65.3 
6.68 

66.5 
33.5 

44.1 
19.0 
15.3 
55.5 
73.0 
43.8 
27.9 

7.43 
9.34 
11.4 

7.62 
9.22 
13.7 
6.58 

2.71 

0.82 

7 w  



Catalog 6476 

SI&Jc 
Prince William  Sound and Gull or Alaska  sediment  samples 

Ouicksand Verdant 
Name (#) Cwe(22)  Cove(24) 
Dale colleded 27- AD^-90 27-Am-90 
Mean we1 wl. (g) 

N 
k . n  dry w l .  (g) 

PAH's(nglg) 

Naph 

Menapl 
D M  

TMWh 
CZnaph 

CJnaph 
Cmaph 
Biphenyl 
Acenlhy 
Acenlhe 
Fiwene 
C l n w  

C 3 W  
C M W  

Dithio 

CZdilhiO 
Cldiihw 

C3dihio 

Mephenl 
Phenanlh 

Clphenan 

C3phenan 

Alllhra 

Pyrene 
FIucianl 

C l l l w n  

Chryncne 
Benanth 

ClChF/I 
C2Chryt 
C3Chryt 
Cllehryt 

k M p 2  

CZpheMn 

c4ph-n 

Benmkn 
Benmbfl 

BmWY 
BenaW 
P e m m  
lndelxl 

Benmp 
Dibenr 

(w/o P-e) 
Tdai Aromatics 

12.6 
10.1 
1 

4.73 
2.64 
1 .sa 

6.08 
6.20 
18.1 
28.8 

8.27 
X 0  
55.4 
2.53 

30.0 
15.8 

7.47 
16.9 

4.16 
28.2 
33.1 

9.12 
18.2 

0.W 

A 
A 
A 
a 
a 
a 
A 
A 

293 

10.2 
10.0 
1 

2.79 
2.03 
1 .Ol 

5.17 
18.8 
36.3 

8.23 
33.8 
38.8 
2.41 
15.6 
31.3 

7.36 
18.6 

33.2 
9.41 

39.0 

8.50 
19.8 

a 
A 

A 
A 
A 
A 

A 
A 

318 



Calalcg 6472 
Prince  William  Sound  and  Gulf of Abska sediment  samples 

Name (I) 
Station Barns Bayof Bligh Constantine Crab Elrington Naked Olsen Perry Rocky 

Cwe(1) Isb(2) Irland(3) Harbx(4) Bay@) laland(61 lsland(6) Bay(9) isiand(l0) Eay(11) 
Dalecolisded  22JungO PJungO 21Jun-90 22.Jun-00 25Jun-90 25Jun-00 21-Jun-90 25Jun-90 21Jun-90 22.Jun.90 
Mean rm wt. (g) 
Mean dlyvd. (g) 

Alkane (ngg) 
N 

ClOalk 
Cllalk 
C12alk 
ClJalk 
C14aIk 
C1Wk 
ClWk 
Cl7alk 
Pridane 
Cl8aL 
Phpdane 
Cl9aI.4 
C20aik 
C2laik 
C22alk 
C23alk 
c24alk 
C25aL 
C26alk 
C27alk 
C28alk 
C29alk 
C3Oalk 
C3lalk 
C32alk 
C33alk 
C34aL 
ALKANES 
UCM 

Total 
NAlkanes 

23.7 
10.1 
1 

1 70 
04.5 
18.7 
402 
117 
208 
4270 
251 
2% 
106 
119 

72.0 
188 

138 
45.4 

A 
A 
A 
A 

A 

52.5 
A 

651 
135 
510 
227 

381 W 
1osW 

7580 

a 

17.0 
10.0 
1 

114 
32.4 
8.23 

68.0 
17.0 

159 

189 
184 

167 

94.9 
102 

91.2 
32.2 
42.4 
16.9 

A 
A 

A 
A 
A 
A 

16.1 
A 

43.5 
188 

57.7 
103 

21503 
2370 

1470 

14.7 
10.0 
1 

14.3 

48.7 
12.3 

148 
185 
285 
218 
148 
120 

58.6 
1 47 

39.4 
8.06 
A 
A 
A 
A 
A 
A 
A 

223 
5.43 

15400 
1790 

11w 

17.0 
10.0 
1 

272 

34.9 
148 

44.6 

194 

332 
m 
215 

99.7 
165 

96.6 
183 

95.4 
151 

A 
A 
A 
A 
A 
A 
A 

127 
2Mo 
73.8 

593 
482 

8170 
33200 

5330 

1m 

15.9 
10.1 

1 

16.0 
W.8 
183 
1  75 
213 
363 
126 
114 

45.2 
102 

32.6 
22.5 
A 
A 
A 
A 
A 
A 

8.33 
A 

1 42 
12.8 
92.1 
50.9 
2330 
23300 

1290 

1 1.8 
10.1 

1 

44.6 
M.1 
8.88 
18.5 
46.3 
1 w  

1 24 
156 

259 
67.8 
60.4 
41.4 
17.0 

6.86 
11.9 

A 
A 

A 
A 
A 
A 

7.68 
A 

3.18 

1020 
124w 

684 

14.2 
10.1 
1 

64.3 
44.4 
13.0 
20.4 
74.8 
153 
185 
224 
M9 
150 
116 

58.7 
120 

50.9 
19.7 

A 
A 

A 
A 
A 
A 

10.3 
A 

28.7 
136 

32.6 
136 

27400 
2380 

1530 

16.4 
10.1 
1 

60.5 
30.3 
9.68 
25.5 
72.0 
1 78 
324 
331 
250 
218 
164 

58.1 
324 

22.7 
121 

A 
A 
A 
A 

A 
A 

1 93 
8.67 
949 

31 50 
25900 

2070 

a 

16.2 
10.0 

1 

23.5 
16.5 
6.22 

53.8 
181 
175 
3% 
204 
151 
118 

64.0 
115 

33.1 
3.39 

A 
A 
A 
A 
A 

A 
A 

12.5 
6.15 

36.3 

23400 
2370 

1210 

14.1 
10.1 

1 

116 
65.1 

39.8 
24.1 

111 
226 
235 
885 
231 
1 73 
122 

39.7 
120 

29.0 
10.2 

A 
A 

A 
A 
A 

4.98 
A 

41.7 
7.65 

26.2 
4.98 

2770 
90700 

2160 

a 

150 



Catalog 6472 
Prince Willlam Sound and Gulf of Alaska  sedimenl samples 

Name (#) 
Dalearll~led ~ U U C - 9 3  ZfJun-93 24-Jun-93 24-JUC-93 24-Jun-90 

Bay(l2) Bay(l3) Bay(17) cow(22) cove(24) 
statban S h s h  Sleepy Hanir Quicksand Verdant 

Mean  wel wt.(g) 
Mean dry wt. (9) 
N 
Alkanes (Wg) 

ClOalk 
Cllalk 
C12alU 
C13sL 
Cl4alk 
C15alk 
ClEaL 
C17alk 
PrlStane 
Clh lk  
Pil*M 
Ct9alk 
C20alk 
CZlalk 
C22alk 
C2Jalk 
C24alk 
C25alk 
C2Salk 
C27alk 
C28alk 
C29alk 
C30alk 
C3lalk 
C32alk 
C33alk 
C34alk 
ALKANES 
UCM 

Tolal 
NAlkanes 

15.9 
10.0 
1 

28.2 
25.5 
7.1 1 
19.1 
37.6 
93.8 
168 
163 
136 

W.0 
118 

04.4 
41.7 
34.7 
9.m 
A 
A 

A 
A 

A 
A 

8.65 
A 

110 

35.6 
10.5 

12.6 
ls00 
1 8 r n  

1010 

13.9 
10.0 
1 

46.0 
22.3 
6.08 

36.5 
14.4 

153 
127 
1@3 
820 
79.5 
66.9 
44.0 
37.3 
36.2 
21.6 
37.1 
33.3 
28.0 
24.9 
21.3 
16.4 
43.3 
18.2 
25.8 

332 
17.6 

30700 
1320 

1070 

n2 

12.4 
10.0 
1 

20.3 
72.1 
w.0 
55.6 
49.6 
36.7 
31.5 

7.44 
15.6 

5.21 
A 
A 
A 
A 
A 
A 
A 

15.6 

418 
7440 

278 

13.8  10.5 
10.1 
1 

41.0 
103 

13.8 

30.3 
14.3 

49.7 

68.3 
109 

47.0 
46.7 
28.9 
24.8 
10.4 

4.37 
A 
A 
A 
A 
A 
A 
A 

7.23 

5960 
M)9 

523 

10.2 
2 

83.3 
35.2 

n . 4  
13.4 

54.9 
95.0 
158 
130 

82.1 
108 

58.0 
44.5 
17.1 

6.1 1 
12.9 

A 
A 
A 
A 
A 
A 
A 

927 
84M 

756t212 

151 



Cataiog  6476 
Prince  William Sound and Gulf of Ala& sediment samoles 
Station 

Data d lec ted  
Name (#) 

M a n  wet  W. (PI 
Mean dty W. (g) 

AlManes (nq'g) 
N 

ClOalk 
Cllalk 
Cl2alk 
C13alk 
C14alk 
ClSalk 
Clsaur 
Cl7alk 
Pristane 

P h W  
ClOaik 

ClOalk 
CxSlk 

C m k  
C213k 

C23alk 
C24alk 
C25alk 
C W  
C27alk 
CZOalk 

C3Oalk 
Cmlk  

C3lalk 
C32alk 

C a l k  
C33alk 

ALKANES 
UCM 

Told 
NAlkancI 

~~ ~ ~ -~ ~ ~ ..~ ~~ ~... 
Barnes Bayof Bligh Constantine Crab Elrington Naked Pew R ~ c w  Sleepy 
COVe(1) Isles(2) Island(3) Habr(4) Bay(5) Island(6) Island(6) Island(l0) Bay(l1) Bay(13) 

HDr-90 2 E A ~ r g o  2&-W 25Aw-90 2&Aur-90 26A~r-90 24-ADr-90 24-Aur-90 25-Aur-90 26Aor-90 
n.3 
10.1 
1 

44.1 
28.0 
6.40 
15.8 
47.6 
2% 
101 
214 

91.0 
189 

151 
337 
564 
21 1 
5(18 

A 
A 
A 
A 
A 
A 
A 

72.4 
892 
827 

20.6 
339 

8100 
85900 

3150 

d.6 
10.0 
1 

15.8 
5.46 

37.1 
12.2 

59.2 
111 

115 
127 
76.2 
104 
112 
69.0 
1 07 
44.8 
A 
A 
A 
A 
A 
A 
A 

51.0 
444 
28.6 

83.6 
190 

46800 
3810 

1560 

16.8 
10.0 
1 

66.7 
117 

16.1 

49.8 

158 
14.5 

26.3 
13.2 
18.9 
121 

51.0 
34.6 
A 
A 

A 
A 

A 
A 

6.62 
A 

33.3 

5.47 
75.2 
1170 

47700 

762 

, 
15.7 
10.0 
1 

59.5 
37.6 
45.6 
M.3 
47.3 
96.0 
Bo.6 
144 
83.6 
59.0 
38.0 
133 
63.2 

83.9 
125 

A 
A 

A 
A 

A 
A 
A 

2wo 
126 

111 
336 

6480 
505 

am 

4060 

17.1  11.5  13.5  17.6 15~1 12.7 
10.0 
1 

15.2 

52.5 
110 

71.6 
113 
38.1 
78.0 
65.1 
29.9 
57.4 
30.3 

A 
A 
A 

A 
A 

A 

4.87 
A 

6.33 
187 

76.0 
59.9 

32500 
1890 

805 

10.0 
1 

6.46 
30.6 
45.6 
65.2 

412 
102 

81 .o 

77.7 
146 

51.3 
31 .O 
16.3 
A 
A 
A 

A 
A 

A 

27.1 
A 

36900 
1170 

534 

10.0 
1 

20.6 
54.1 
49.2 
102 

63.8 
153 

98.8 
142 
40.5 
67.8 
64.7 

A 
A 
A 

A 
A 

A 

16.6 
A 

190 
27.5 
128 
114 

33500 
2120 

1080 

10.0 
1 

12.3 
117 
28.8 
134 
98.8 
61.1 
80.6 
146 
54.4 
50.1 
13.0 
A 
A 
A 
A 
A 
A 

32.1 
A 

22.7 
44.7 

EO.9 
1340 

361 W 

777 

10.1 
1 

23.3 
9.04 
20.2 
21.3 

.51 .O 
34.9 
606 
52.9 
43.4 
58.6 

26.8 
31.0 
14.9 
A 
A 
A 
A 
A 
A 
A 

4.66 
41.3 
25.1 
16.4 

1480 
22100 

1050 

77.4 

10.1 
1 

6.90 

48.2 
30.0 

67.2 
113 

91.6 
245 

143 
93.1 
7i .3  
41.5 
34.9 
A 
A 
A 
A 
A 
A 
A 

64.5 
19.8 
47.0 
27.0 
31.4 
1360 

551 00 

793 

I52 



C a l d q  6476 
Prince William Sound and Gulf  of Alaska Sediment  samples 
Station 
Name (P) 
Date wllectec 
Mean wct wl. (g) 
Mean dly wt. (g) 

Alkanes (nm) 
N 

C l M  
Cllalk 
ClZalk 
Cljalk 
C14alk 
C l M k  
ClGalk 
C17aIk 
Prislane 
C l M  
Phwne 
ClWk 
C20alk 

C22ak 
C2lalk 

c24a* 
CZJalk 

C25alk 
C26aP 
C27aIk 
C2Wk 
C29alk 
CMak 
C3lalk 
C32alk 
C a l k  

ALKANES 
C y Y L  

UCM 

Total 
NAlkanes 

O u i b r d  VerUant 
C m ( Z )  Cm(24) 
27-AwAO 27-A~r-90 

12.6 
10.1 
1 

17.3 

46.0 
11.5 

82.4 

a 5  
53.4 

46.6 
29.3 
17.4 

6.97 
13.1 

A 
A 

A 
A 

A 

A 
A 

JSJ 
142w 

253 

10.2 
10.0 
1 

6.05 
17.4 

34.7 
47.6 
24.8 
46.2 
32.2 
21.6 
6.64 
4.80 

A 
A 
A 
A 
A 

A 
A 

8.69 

251 
817 

158 
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