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EXECUTIVE SUMMARY

The Long-Term Environmental Monitoring Program was designed to provide baseline measurements of hydrocarbon
concentrations and sources at program sites within areas of Prince William Sound and the QuIf of Alaska under the
auspices of the Prince William Sound Regional Citizens Advisory Council. The program focuses on sampling of subtidal
sediments and intertidal mussels to provide information on hydrocarbon levels that currently exist in the study area. The
program is being conducted by Kinnetic Laboratories, Inc. under the administration of the Council's Scientific Advisory
Committee.

This monitoring report includes data collected at nine stations during July 1997 and March 1998. Mussel samples were
collected from indigenous (native) intertidal blue mussel populationsfor the analysis of hydrocarbonsin tissues. Additional
measurements of lipid content, tissue weights and volumes, and shell characteristics were made to indicate the
reproductive state of the animals because spawning can directly affect the amount of hydrocarbons that are concentrated
intheir tissues. Subtidal sediment was collected for the analysis of hydrocarbon concentrations and physical parameters,
such as particle grain size and total organic carbon. Chemical analyses were performed using state-of-the art techniques
following specific protocols to ensure the validity and integrity of the data.

Chemical analyses were performed for a number of parameters that are indicative of possible petroleum contamination.
Theseinclude various components of petroleum, such as polycyclic aromatic hydrocarbons, aliphatic hydrocarbons, and
the unresolved complex mixture which contains compounds that cannot be identified using currently -available techniques.
These parameters provide information on the levels of hydrocarbonsin marine sediments and mussel tissue. Varioustypes
of hydrocarbon ratios were also used to help determine the potential source of hydrocarbons found in the sediment
samples.

Because of the physical and biological variability in nature, alarge amount of baseline data reflecting existing conditionsis
required before man-made changes to the environment can be identified or assessed. These man-induced changes could
include, for example, large releases of petroleum to the environment via a spill or long-term input due to industrial or
commercial activities such as oil transportation, fishing, forestry, and mining. The results presented in this report are
intended to present a picture of what might be occurring at the program stations in terms of hydrocarbon levels and
sources. The 1997 - 1998 program has added additional datato the time-series basdineinformation that has been collected
since 1993. During the program year reported here, shallow subtidal sediment was collected at six stations (Disk Island,
Knowles Head, Sheep Bay, Shuyak Harbor, Sleepy Bay, and Windy Bay), and deeper subtidal sediment was sampled at two
sites (Alyeska Marine Terminal and Gold Creek). Intertidal mussel tissue was collected at all nine sites during this report
period.

Program dataindicate that hydrocarbonsin tissues and sediments in the study area vary between stations, and, to alesser
extent, over time. Hydrocarbon levelsin tissues were generally low, although they were higher than those seen during past
surveysat somesites. Levelsin sedimentswere more variable, with some stations exhibiting background levels and others
showing anthropogenic influences. Many of the concentrations reported here are at or below method detection limitsthat
have been determined using the same procedures and instruments used to analyze the samples. Put simply, these detection
limits are based on a statistical method that is used to indicate how reliable the data may be. Vaues below these limits,
while still valid, are less reliable, and this fact should be taken into account when reviewing the data and discussion
presented in this report.

Hydrocarbonsin the marine environment, particularly in the study area, can have amultitude of origins. Theseincludethe
release of oil through man's activities such as the T/V Exxon Valdez oil spill in March 1989, operations at the Alyeska
Marine Terminal, or other oil transportation activities; combustion sources such as stack exhaust or forest fires; boating
and ship activities; natural oil seepage or coal deposits; biological processes from bacteria or other organisms; and
atmospheric fallout. Natural events such as earthquakes can also result in the rd ease of hydrocarbons. All of these may
contribute hydrocarbons to sediments and resident biotain Prince William Sound and the Gulf of Alaska. Examination of
hydrocarbon data from both tissues and sediments indicated that hydrocarbons from avariety of sources can beidentified
in the 1997 - 1998 program.
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For purposes of thisreport, hydrocarbons were classified as having severa distinct sources. Hydrocarbons resulting from
biological processes were classified as biogenic, while those from a combustion source, such as boat exhausts or industrial
emissions, were classified as pyrogenic. Hydrocarbons of a petroleum (petrogenic) nature that might be found in the study
area include Alaska North Slope crude, Exxon Valdez il spill residues, natura petroleum seeps from the eastern Gulf of
Alaskaarea, refined products such as diesel or Bunker C fuel oil, and petroleum from other regions, such asthe Cook Inlet
area. Alaska North Slope crude consists of a mixture of petroleum from the various production fields on the Alaskan
North Slope, and exhibits a fingerprint that is quite distinct from that of oil found in other geographic areas. The Exxon
Valdez spill consisted of Alaska North Slope crude, which over time has weathered to produce a dightly different
fingerprint than that of fresh crude. Petroleum that ordinates from natural seeps in the Gulf of Alaska contribute to the
natural hydrocarbons (or "background hydrocarbons®) in the study area, and these also exhibit a distinctly different
fingerprint.

Mussel tissue from stations at Alyeska Marine Terminal, Disk Island, Gold Creek, and Sleepy Bay exhibited a strong
petrogenic hydrocarbon signal, particularly during March 1998. A larger proportion of individual anaytes at levels above
the detection limit were seen in March 1998 samples as compared to earlier surveys, resulting in clearer polycyclic
aromatic hydrocarbon fingerprints. As in the past, hydrocarbons in March 1998 tissue samples at Alyeska Marine
Termina and Gold Creek were attributed to Alaska North Slope crude, with the most likely source identified asthe Alyeska
Marine Terminal and tanker operations. Residues of Exxon Valdez spill oil were identified in tissues at Disk Iland and
Sleepy Bay, two of the sites known to have been heavily impacted during the spill. The station in Windy Bay, also heavily
impacted by the spill, showed fingerprints that were not attributable to Alaska North Slope crude or the spill but more
closely resembled background sources. During March 1998, clear petrogenic fingerprints were seen at stations at Aialik
Bay, Knowles Head, Sheep Bay, and Shuyak Harbor which was ascribed to natural background sources. Tissues from
Aialik Bay may have been contaminated with fuel which accounted for the relatively high levels of polycyclic aromatic
hydrocarbons seen at this site (compared to historical data). Lesser pyrogenic inputs were also noted at many of these
stations, particularly Alyeska Marine Terminal, Gold Creek, and Sleepy Bay.

Sediment results also indicated anumber of probable sources of petroleum hydrocarbons. Sediments collected at the
deeper subtidal stations (Alyeska Marine Termina and Gold Creek) showed petrogenic as well as pyrogenic inputs.
Sediments at the Alyeska Marine Termina continued to show clear Alaska North Slope crude contamination.
Hydrocarbons seen at this location are the result of long-term (chronic) inputs. The petrogenic and pyrogenic polycyclic
aromatic hydrocarbons seen at Gold Creek were not attributed to Alaska North Slope crude. Sediments at the shallow
Disk Island site also showed petroleum hydrocarbons primarily of abackground nature with a possible Exxon Valdez spill
oil component.

Shallow subtidal sediments from Sleepy Bay also showed a mixture of petrogenic and pyrogenic hydrocarbons. The
polycyclic aromatic hydrocarbon fingerprintsindicate that the hydrocarbons are largely of a pyrogenic nature, with lesser
amounts of possible AlaskaNorth Slope crude/Exxon Valdez spill oil and seep-derived hydrocarbons. Two additiond stes
that had been impacted by the spill, Shuyak Harbor and Windy Bay, showed a combination of sources. Petrogenic
hydrocarbons were attributed to seep-derived background and spill oil. Both of these stations showed a substantial

pyrogenic component, and the Windy Bay station also showed alarge amount of biogenic input which may be duein part
to logging activities. Hydrocarbonsfound in shallow subtidal sediments at the Knowles Head and Sheep Bay stationswere
ascribed to natural background. Some evidence of pyrogenic inputs was also seen at these stations.
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1.0 INTRODUCTION

The Prince William Sound Regional Citizens Advisory Council (RCAC) isan independent organization that wasformed in
1989 in response to the T/V Exxon Valdez ail spill (EVOS). The RCAC was later certified under the Federa Qil Pollution
Act of 1990. Operating under a contract with Alyeska Pipeline Service Company, the RCAC acts to minimize the
environmental impacts associated with the terminal and the oil transportation tanker fleet. The RCAC's mission includes
the performance of research designed to help understand and evaluate environmental impacts associated with oil
transportation, including baseline research conducted prior to another spill event.

The purpose of the Long-Term Environmental Monitoring Program (LTEMP), implemented in 1993, is to provide long-
term baseline measurements of hydrocarbon levels and sources in subtidal sediments and indigenous blue mussels at
program sites within areas of Prince William Sound (PWS) and the Gulf of Alaska represented by the RCAC. The
program objective has been modified over the course of the program to provide emphasis on the collection of baseline data
that can be used to determine future potential impacts of oil transportation on the ecosystem. The program is being
performed by Kinnetic Laboratories, Inc. (KLI) in Anchorage, Alaska, under the administration of the RCAC's Scientific
Advisory Committee. Chemical analyseswere performed by the Geochemical and Environmental Research Group (GERG)
of Texas A&M University in College Station, Texas.

The purpose of this report isto present data from the fifth year of the monitoring program. It includes results from the
last two LTEMP surveys performed during the RCAC's 1997 - 1998 fiscal year. Only limited data from prior program
years are provided or discussed in this report; for more information concerning prior data, the reader isreferred to earlier
program reports (e.g., KLI, 1993a; 1993b; 1994a; 1994d; 1995a; 1995b; 1996a; and 19974). For the reader's
convenience, a Glossary and List of Acronymsis provided at the end of this document.

Subtidal sediment and/or intertidal indigenous (native) blue mussel tissue samples were collected during two field surveys
a nine stations. Sediments were collected from shallow subtidal zone at depths of six to ten meters (m) by diver (six
stations) and from deeper areas (approximately 24 to 68 m) using a sediment grab (two stations).

Subtidal sediment was collected for the analysis of polycyclic aromatic hydrocarbons (PAH); aiphatic hydrocarbons
(AHC) which included the unresolved complex mixture (UCM); total organic carbon (TOC); and particle grain size (PGS).
Intertidal mussel samples were collected for the analysis of PAH and lipid content. Additional mussels were collected for
measurement of gonadal index.

PWS RCAC 1997-1998 LTEMP Monitoring Report - Pub. No. 608.98.1 Page 1



2.0 STUDY DESIGN AND APPROACH
2.1  Sampling Design

As discussed in earlier program documents, the basic sampling approach for the LTEMP is consistent with the National
Oceanographic and Atmospheric Administration's (NOAA) National Mussel Watch Project where native populations of
sedentary organisms are utilized as bioindicators of chemical contamination, and nearby sediments are used to evaluate
trendsin contamination in the marine environment (NOAA, 1989a). A full description of sampling methods may be found
in earlier program documents (e.g., KLI, 1993a; 1994a; 1995a; 1996a; and 1997a).

Sampling reported here was performed in July 1997 (Survey 10) and March 1998 (Survey 11). Indigenous mussel

samples designated for hydrocarbon analysis were collected by hand from the mid-intertidal zone of each station using a
stratified random sampling design. Three replicates of 30 individuals each were collected from three randomly -sel ected
points along a 30-m transect. Replicate mussel samples were analyzed for PAH and percent lipids. Twenty additional

mussels were collected at each station for assessment of gonadal state.

Shallow subtidal sediments (6 - 10 m) were collected by diver at six of the nine LTEMP sites, while aVan Veen sediment
grab was used to collect deeper sediments (24 - 68 m) at two sites. Three replicate samples of surficial sediment (0- 2
centimeters [cm]) from each sediment station were analyzed for PAH, AHC, PGS, and TOC.

Anaytical strategy issummarized in Table 1; analytical methods are described in Section 3.2. Analytical approach included
the use of compound-specific measurements for organic parameters such as PAH and AHC (including UCM). These
parameters were used to assess hydrocarbon concentrations in both tissue (PAH only) and sediment (PAH and AHC).
Additional parameters analyzed for tissues included percent lipids and gonadal index. Additional parameters examined in
sediments included PGS and TOC, which are typically analyzed to evaluate their correlation with the hydrocarbon
parameters.

2.2 Site Selection Criteria

Asindicated in theinitial study plan (KLI, 1993a) and program survey reports (KLI, 1993c; 1993d; 1994b; 1994c; 1995c;
1995d; 1996b; 1996¢; 1997b; 1997c; and 1998), individual sampling sites were selected on the basis of severa criteria.
These included presence or absence of known or potential sources of hydrocarbon contamination, including the T/V
Exxon Valdez ail spill (EVOS), the AlyeskaMarine Terminal in Port Vadez, and the Knowles Head tanker anchorage areg;
the extent of native intertidal mussel populations,; geographic features such as rocky benches in the intertidal area; and
nearshore bathymetry and soft-bottom sediment to alow subtidal sediment collection.

Nine stations were sampled during LTEMP 1997 - 1998: Aidik Bay (AIB), AlyeskaMarine Termina (AMT; Saw Idland),
Disk Iand (DII), Gold Creek (GOC), Knowles Head (KNH), Sheep Bay (SHB), Shuyak Harbor (SHH), Sleepy Bay (SLB),
and Windy Bay (WIB; Table 2; Figures 1- 9). Station designations used throughout this report are provided in Table 2 and
include a station abbreviation followed by a station type code ("B" for intertidal mussel, "M" for shallow subtidal sediment,
and"S" or "A" for deep subtidal sediment). The sites can be separated into three groupings based on potential or known
hydrocarbon contamination: (1) reference sites believed to be relatively remote from oil industry activities (Stations AlIB,
GOC, and SHB), (2) sites previoudy identified as EVOS-impacted (Stations DII, SHH, SLB, and WIB), and (3) sites
related to the marine terminal operations in Port Valdez and tanker operations (Stations AMT and KNH).

With the exception of Aialik Bay, mussels and subtidal sediments were collected at each site during the 1997 - 1998
LTEMP. Sampling at Aidik Bay included only mussel collection, as shallow sediment collection by diver was omitted from
this site due to zero visibility conditions. Table 2 provides sampling information such as average station depth (sediment)
or height (mussel samples) relative to Mean Lower Low Water (MLLW). Additional sampling information is providedin
individual reports from each survey (KLI, 1997c and 1998).

Tablel. LTEMP Analytical Strategy.
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Parameter Description Matrix Relevance

Polycyclic 2to 6-ring polycyclic aromatic hydrocarbon Mussel Useful for determining hydrocarbon

aromatic compounds; includes homologous series of tissue, contamination and the relative

hydrocarbons | aromatic hydrocarbons consisting of sediment, contribution of petrogenic,

(PAH) unsubstituted (parent) compounds, such as and water pyrogenic, and diagenic sources,
naphthal ene, and substituted compounds, which (blanks) useful in source identification and
are similar structures with alkyl side chains that determination of weathering rates
replace hydrogen ions, such as C;-naphthalene

Aliphatic Fully saturated normal alkanes (paraffins) and Sediment Useful for determining hydrocarbon

hydrocarbons | branched alkanes, n-C,, to n-Cy; includes the and water contamination and the relative

(AHC) isoprenoid compounds pristane (Cyo) and phytane | (blanks) contribution of petrogenic and
(Cy) that are often the most abundant isoprenoids biogenic sources; useful in
in petroleum hydrocarbons determination of weathering rates

and rates of oil degradation

Unresolved A mixture of hydrocarbons of undefined structure | Sediment Useful for determining hydrocarbon

complex that are not separated by gas chromatographic and water contamination and the relative

mixture techniques; represented by the total resolved (blanks) contribution of petrogenic,

(UCwm) plus unresolved area minus the total area of all pyrogenic, and diagenic sources,
peaks that have been integrated; a characteristic useful in source identification and
of some fresh oils and most weathered oils determination of weathering rates

Percent Lipid Lipid material in mussel tissueis primary storage Mussel Useful in determining spawning
areafor hydrocarbons; gametes are mostly tissue state of mussels; hydrocarbon body
comprised of lipids burdens decrease when lipid-rich

gametes are released during
spawning

Gonadal Measure of shell length, shell volume, volumeand | Mussel Useful in determining spawning

Index weight of gonadal tissue, volume and weight of tissueand | state of mussels; hydrocarbon body
non-gonadal tissue shell burdens decrease when lipid-rich

gametes are released during
spawning

Particle Grain Percent sand, silt, and clay Sediment Assessment of particle size

Size (PGS) distribution in sediments;

potentially used to standardize
organic parameters such as PAH
and AHC

Total Organic | Organic carbon Sediment Assessment of organic carbon load

Carbon (TOC) in sediment; potentially used to

standardize organic parameters
(PAH and AHC)
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Average

Station Station | Sampling | Survey | Depth (m) GPS Coordinates
Station Location | Designation Type Date No. (Aboveor
Below Latitude (N) L ongitude (W)
MLLW)
AlIB-B Intertidal 7/26/97 10 15 59052'46.5" 149°39'33.5"
AIALIK BAY
4/11/98 11 1.6 59052'44.4" 149°39'37.7"
AMT-B Intertidal 7/17/97 10 1.5 61905'21.8" 146°24'34.6"
ALYESKA
3/29/98 11 14 61°05'24.4" 146°24'29.1"
MARINE
AMT-S Subtidal 7/17/97 10 -67 61°05'22.0" 146°23'43.0"
TERMINAL
3/29/98 11 -68 61°05'24.6" 146°23'39.4"
DII-B Intertidal 7/21/97 10 15 60°29'53.8" 147°39'40.0"
3/25/98 11 1.6 60°29'52.6" 147°39'42.3"
DISK ISLAND
DII-M Shallow 7/21/97 10 -10 60°29'58.4" 147°39'44.2"
Subtidal 3/25/98 11 -11 60°29'57.6" 147°39'44.6"
GOC-B Intertidal 7/17/97 10 1.2 61°07'27.5" 146°29'44.2"
3/29/98 11 0.9 61°07'26.5" 146°29'45.2"
GOLD CREEK
GOC-S Subtidal 7/17/97 10 -24 61°07'22.9" 146°29'37.7"
3/29/98 11 -29 61°07'27.0" 146°29'37.3"
KNH-B Intertidal 7/18/97 10 25 60°41'23.4" 146°35'11.1"
KNOWLES 3/27/98 11 2.6 60°41'25.7" 146°35'07.9"
HEAD KNH-M Shallow 7/18/97 10 -8 60°41'12.8" 146°35'43.7"
Subtidal 3/27/98 11 -9 60°41'12.3" 146°35'49.2"
SHB-B Intertidal 7/19/97 10 2.1 60°38'47.5" 145°59'52.1"
3/28/98 11 2.3 60°38'47.6" 145°59'47.6"
SHEEP BAY
SHB-M Shallow 7/19/97 10 -10 60°38'49.4" 145°59'55.5"
Subtidal 3/28/98 11 -9 Not Available Not Available
SHH-B Intertidal 7/25/97 10 24 58°30'05.2" 152°37'39.5"
SHUYAK 4/7/98 11 2.8 58°30'04.0" 152037'35.5"
HARBOR SHH-M Shallow 7/25/97 10 -10 Not Available Not Available
Subtidal 4/7/98 11 -10 Not Available Not Available
S.B-B Intertidal 7/20/97 10 2.0 60°04'02.4" 147°49'59.7"
3/27/98 11 2.2 60°04'00.0" 147°49'58.1"
SLEEPY BAY
SLB-M Shallow 7/20/97 10 -9 60°04'02.9" 147°50'02.9"
Subtidal 3/27/98 11 -10 Not Available Not Available
PWS RCAC 1997-1998 LTEMP Monitoring Report - Pub. No. 608.98.1 Page 4




Average
Station Station | Sampling | Survey | Depth (m) GPS Coordinates
Station Location | Designation Type Date No. (Aboveor
Below Latitude (N) L ongitude (W)
MLLW)
WIB-B Intertidal 7126/97 10 18 59°1306.0" 151°31'13.5"
4/11/98 11 22 59°13'06.3" 151°31'12.0"
WINDY BAY
WIB-M Shdlow 7126/97 10 -6 Not Available Not Available
Subtidal 4/11/98 11 -9 Not Available Not Available

Table2.  Station Locations and Sampling Information for the 1997 - 1998 LTEMP
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Figure 1. LTEMP Station Locations (Overall Study Area).
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Figure 2. LTEMP Sampling Locations at the Aialik Bay Station.
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Figure 4. LTEMP Sampling Locations at the Disk Island Station.
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Figure 6. LTEMP Sampling Locations at the Sheep Bay Station.

PWS RCAC 1997-1998 LTEMP Monitoring Report - Pub. No. 608.98.1 Page 11



NI
W‘(\@Pw
SHUYAK
| HARBOR
SHH-M
f SHH-B

T

AFOGNAK ISLAND

Legend:

A Intertidal Mussel Sampling Location N

@ Offshore Sediment Sampling Location

Digital Information From U.S.G.S Quadrangle:
Afognak C-2 & C-3 (1:63,360)

Bathymetric Contours in Feet

Not to be Used For Navigation

| HARBOR
77777 Ksy,
4
7a
Qb
' REDFOX
P BAY,/'/
“—LBOHTOmE
é > LABORATORES
"~ INCORPORATED

SHUYAK ISLAND

. DAYLIGHT

Figure 7. LTEMP Sampling Locations at the Shuyak Harbor Station.

PWS RCAC 1997-1998 LTEMP Monitoring Report - Pub. No. 608.98.1

Page 12



Legend:
N

A ntertidal Mussel Sampling Location

EVANS ISLAND

CHICKEN
ISLAND "

i

!

i

I

'

:

1

'

'

v

1

’
.

~—

5
/
/
P
Z
P
.
o
. 3007
—————————— - .
/
;
5
/
‘.
-7
0/
y
.
g
>
I
’
5
7’
:
/
A
z
“y ’
II 7
- /’
:
§
]
)
;
|
- |
,’ 1 l
i G
i i
' :
; ;
: 5
h :
! .
' e
e
e
HORSESHOE
BAY

LATOUCHE ISLAND

Fish Lake

Putnam Lake

Hayden Lake

@ Offshore Sediment Sampling Location
Digital Information From U.S.G.S Quadrangle:
Seward A-3 (1:63,360)

Bathymetric Contours in Feet
Not to be Used For Navigation
B \
l' \\
," i
/’ ,,”/,"~ \~\ \ \\
- - d \
/” ! .
SLEEPY ™.
BAY
’I \s\
SLB-S
- ®
SLB-M

SLB-B

N
&
8
)
g
5
S

N~ INCORPORATED

KINNETIC N
LABORATORIES

Figure 8. LTEMP Sampling Locations at the Sleepy Bay Station.

Page 13

PWS RCAC 1997-1998 LTEMP Monitoring Report - Pub. No. 608.98.1



(j RO,CKY
Legend: \ BAY
A 'nterfidal Mussel Sampling Location N /J 4
KENAI PENINSULA N
@ Offshore Sediment Sampling Location S
Digital Information From U.S.G.S Quadrangle: f ) ( 5
Seldovia A-5 (1:63,360) \\ \
Bathymetic Contours in Feet !
Not fo be Used For Navigation - S
N ]
S \
QO Nde
oL
[
//”i_ e ~ /
A b /) V- ¥ ~ m/
( g S~
) / D N\ \
7 DL L
y ? / / - i
| CHUGACH N -
/ ' AY o TN S
S RN ~
’; D. ] S~ 4 ~ \\ | \ S !
/ N e 7 W B v ey GULF
»7// S o ; ALASKA
///‘ _)_,’ \\ ; ,"’( e -: \‘\
) KINNETIC ~
A @ TABORATORIES
d =~ INCORPORATED

Figure 9. LTEMP Sampling Locations at the Windy Bay Station.

PWS RCAC 1997-1998 LTEMP Monitoring Report - Pub. No. 608.98.1 Page 14



3.0 METHODOLOGY
3.1 Field Methods

Sampling and handling procedures followed those described in prior program reports (KLI, 1994a; 1995a; 1996a; and
1997a). Intertidal mussel sampleswere collected using astratified random sampling design asdepicted in Figure 10. Each
transect was divided into three zones (0-10 m, 11-20 m, and 21-30 m), and one replicate of 30 individual mussels (Mytilus
trossulus, formerly M. edulis) was collected from within each of these zones using random numbers to determine
placement. Additional mussels were collected from each transect for gonadal index determination.

) gééé%%éé

Mussel Band

A ‘LONE 30 m I%/Iaur;gel OfGrg‘»aﬁv‘eﬁ
R’(\D
“{YE
UP?E?‘ Transect Marker 2
.Stanoh Marker 1 Bottom  of
M\DO\’E Mussel Band
10m ==
7 Rep 2 o NE N\\'\’\Il -
Rep 1 \DP‘ =
0m \ TERT =
e -
0 Transect Marker 1 \,O\‘NER Y =

Figure 10. Diagram of LTEMP Intertidal Sampling Design with Example Replicates at 7, 12, and 25 Meters.

Subtidal sediment sampling was performed using a Teflon®-coated modified VVan Veen grab (0.1 m?) or by diver following
previously described LTEMP procedures. Deeper sediment sampling was performed at the Alyeska Marine Termina
(AMT) and Gold Creek (GOC) stations, and shallow subtidal sediments were collected at six of the remaining stations by
diver (Disk Island [DI1], Knowles Head [KNH], Sheep Bay [SHB], Shuyak Harbor [SHH], Sleepy Bay [SLB], and Windy
Bay [WIB]). Three discrete replicate sediment samples of surficial sediment (0 - 2 cm) were collected at each station.
Quality control samples were also collected as described in Section 4.

Sample documentation followed procedures outlined in prior program reports and included the use of project-specific log
forms, labels, and chain of custody forms. Sampleidentification and integrity were ensured by arigidly-enforced chain of
custody program.

Navigation and station location included the use of nautical charts and a global positioning system (GPS). A hand-held
GPS was used to obtain the coordinates of both intertidal and subtidal stations whenever possible.

TheM/V Auklet out of Cordovawas used for sampling within PWS. Stationsin the Gulf of Alaskawere sampled from a
float plane chartered through Jim Air of Anchorage.
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3.2 Analytical Methods

Tissue samples were analyzed for PAH and lipid content. In addition to the tissue samples designated for chemical
analysis, a separate sample of mussels was collected at each station for the determination of gonadal index. Subtidal
sediment samples were anayzed for the following parameters. PAH, AHC, PGS, and TOC. Field and equipment rinsate
blanks were analyzed for PAH and AHC. With the exception of gonadal index which was determined in thefield or at KLI
Anchorage, all samples were analyzed at the Geochemical and Environmental Research Group (GERG) of Texas A&M
University.

Sampl e receipt, preparation, and analyses followed procedures outlined in earlier program reports and described by GERG
Standard Operating Procedures (SOPs; Table 3). New SOP numbers provided in the table generally reflect revision of the
old SOPs to include more detail, with no substantive changes to the methods. The exception to thisis provided in Section
3.2.5 below, where PAH determination is described.

3.2.1 Sample Preparation and Percent Moisture Deter mination

Tissue samples arrived at the laboratory whole and were rinsed with reagent water to remove extraneous materia as
necessary. Mussels were shucked and dissected with solvent-rinsed tools. Tissue was homogenized using a Tekmar
Tissumizer®. A 1-5gram (g) aliquot of tissue was removed and weighed for percent moisture determination (GERG
SOP-9415). After drying at 50° C, the tissue was reweighed and percent moisture calculated. Remaining tissue material
was stored in the dark at -20° C.

Sediment samples for PAH/AHC/TOC were thoroughly homogenized by stirring with a clean stainless steel or Teflon®
utensil, and representative subsamples were then removed as required for the individual analyses. An aiquot (»1 g wet
weight) for dry weight determination was removed, weighed, freeze-dried, and reweighed to determine percent moisture
(GERG SOP-9419). A 30 g wet weight aiquot for PAH/AHC anadlysis was placed in a labeled pre.combusted jar for
chemical drying with sodium sulfate until the sanple was dry, free-flowing, and homogeneous. Remaining sediment was
also dried for archival.
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Table3.  List of Applicable Geochemical and Environmental Research Group Standard Operating Procedur es
used for the 1997 - 1998 LTEMP.

Procedure GERG SOP No.

Sampl e receipt/sample preparation SOP-9225

Percent moisture determination (tissue) SOP-9415 (replaces SOP-8903)
Percent moisture determination (sediment) SOP-9419 (replaces SOP-8902)
Extraction of tissue for hydrocarbon analysis SOP-8903
Extraction of sediment for hydrocarbon analysis SOP-8902
Extraction of water for hydrocarbon analysis SOP-8901
Polycyclic aromatic hydrocarbon determination SOP-9406 (replaces SOP-8905)
Aliphatic hydrocarbon determination SOP-8904

Weighing lipids (percent lipid determination) SOP-9414 (replaces SOP-9231)
Particle grain size analysis SOP-8908

Total organic carbon analysis SOP-8907

Sediment samples designated for particle grain size analysis were homogenized and subsampled prior to analysis (GERG
SOP-8908). Excess PGS sediment was archived at 4°C. Water samples were stored in the dark at or below 4°C until
extraction. No further processing was required for these samples.

Just prior to extraction, all hydrocarbon samples and quality control samples were spiked with surrogate solutions. The
PAH surrogate solution contained naphthalene-dg, acenaphthene-d,o, phenanthrene-d,o, chrysene-d;,, and perylene-d,..
Sufficient PAH surrogate solution was added to each sample to provide afinal concentration (of extract volume) of 40
nanogramg/milliliter (ng/mL) for sediment, tissue, and water matrices. The surrogate solution for AHC analysis was
comprised of deuterated n-alkaneswith 12, 20, 24, and 30 carbons. Sufficient AHC surrogate solution was added to each
sample before extraction to provide a final concentration (of extract volume) of 2 micrograms/milliliter (ug/mL) for
sediment and water matrices.

3.2.2 Tissue Extraction Procedures

Extraction of tissue samplesfollowed procedures outlined in GERG SOP-8903. Approximately 5 g (wet weight) of tissue
was homogenized and then macerated in 100 mL of methylene chloride and 50 g of sodium sulfate for chemical drying.
The sample was then concentrated to 2.0 mL and purified to remove non-hydrocarbon material using a combination of
EPA Methods 3611 and 3630, alumina column purification and silica gel purification, respectively (US EPA, 1986). A
fraction of the extract was subjected to an additional cleanup step using high-performance liquid chromatography (HPLC)
prior to analysis for PAH. Extracts were stored at or below 4° C.

3.2.3 Sediment Extraction Procedures

Extraction procedures followed those described in GERG SOP-8902. Thirty g (wet weight) of chemically-dried sediment
was extracted using a Soxhlet extractor with methylene chloride. The extract was concentrated and then purified using
EPA Method 3611 alumina column purification (US EPA, 1986) to remove matrix interferences. This clean-up step
removes non-hydrocarbons that might otherwise cause interference during analysis. The diphatic and aromatic fractions
were collected in a single fraction and concentrated to 0.5 mL, and aliquots of this were used for analysis of PAH and
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AHC. Extracts were stored at or below 4° C prior to and after analysis.
3.2.4 Water Extraction Procedures

Equipment and field blanks were processed using procedures described in GERG SOP-8901. The acidified water samples
were serially extracted with methylene chloride. After being concentrated, the extract from each sample was used for
PAH and AHC analyses. Extracts were stored at or below 4°C.

3.2.5 Determination of Polycyclic Aromatic Hydrocarbons

Polycyclic aromatic hydrocarbons and their alkylated homologues listed in Table 4 were determined using a gas
chromatograph/mass spectrometry (GC/MS) technique in the selected ion monitoring (SIM) mode as described by GERG
SOP-9406. This newer SOP is essentially identical to that used on prior LTEMP sediment samples (SOP-8905) except
that the deuterated perylene surrogate (perylene-d;,) has been made an advisory surrogate only. This haslittle effect on
the LTEMP due to the fact that perylene, which islargely biogenic in nature, is reported but has been excluded from the
calculation of total PAH (TPAH).

Gas chromatographic (GC) separation was accomplished on afused-silica capillary column with aDB-5 bond phase. The
GC column fed directly into the ion source of the mass spectrometer (MS) operating in the SIM and electron-impact
ionization mode. A computer system interfaced with the MS continuously acquired and stored all mass-spectral data
during the analysis. This system also alowed display of a GC/MS data file for ions of specific mass and plotting ion
abundances versus time or scan number. Quantitation followed standard procedures as provided in the GERG SOP-9406
and summarized in the Mussel Watch procedural document (NOAA, 1993). Sediment PAH results were reported in ng/g
(parts-per-hillion [ppb]) dry weight. Equipment blank quantitation was based on 15 g dry sediment, and PAH resultswere

reported in ng/g (ppb).

Extracts were spiked with internal standard solutions prior to analysis. Sufficient internal standards comprised of fluorene-
d1o and benzo(a)pyrene-d i, were used to provide a final concentration (of extract volume) of 40 ng/mL for sediment,
tissue, and water matrices. In addition, matrix spike standard solutions were used for matrix spike samples, as described
in Section 4.2.4. The matrix spike solution consisted of 2- to 5-ring PAH shown in Table 4.

The method detection limit (MDL) for each analyte, defined as the lowest concentration of analyte that a method can
reliably detect, was calculated by performing analyses on pre-extracted sediment and fresh biological tissue following
procedures outlined in the Federal Register 40 CFR Part 136, Appendix B (1986). The MDLs for this reporting period
listed in Table 5 were determined in Spring 1997 and Spring 1998 as described in Section 4.2.3 below. For data reporting,
the MDL was adjusted to account for actual sample size used for the analysis. Analyte concentrations falling below the
calculated MDL but above zero (0) were considered estimates and were qualified with the"J' qualifier (see Section 4.2.1).
Concentrations equal to zero (0) were not measured and were qualified with the "ND" code for non-detect.

For summed parameters such as TPAH, the cumulative MDLsreflected in Table 5 are the sum of individual MDLsfor all
the analytes within that parameter. This excludes perylene and the five specific isomers listed at the bottom of the table.
Because there is no widely-accepted standard concerning the calcuation of the MDL for summed parameters, this
cumulative value is intended to provide a measure of what portion of each sum may have falen below the MDL.

3.2.6 Determination of Aliphatic Hydrocarbons

Aliphatic hydrocarbon (AHC) concentrations for analytes provided in Table 4 were determined utilizing high resolution
capillary gas chromatography with flame ionization detection (GC/FID) as described by GERG SOP-8904. The method,
based on modification of EPA Method 8100 (US EPA, 1986), istypically used for the analysis of environmental samples
for normal akanes, pristane and phytane, and the UCM. Deviations from the SOP included the reduction in amounts of
surrogate, internal standard, and matrix spike solutions added to the sediment samples or extracts prior to analysis.
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Gas chromatographic (GC) separation was similar to that described for PAH and used a column that provided baseline
resolution of akanes (n-Cyp to n-C 34), pristane/n-C 17, phytane/n-C 1, surrogates, and internal standards. The flame
ionization output was collected and processed by a data acquisition package.

Table4. List of Target Analytesfor LTEMP Hydrocarbon Analyses.

Polycyclic Aromatic Hydrocar bons (PAH)

Aliphatic Hydrocarbons (AHC)

Internal Internal
Analyte Standard Surrogate Analyte Standard Surrogate
Reference Reference Reference Reference
Naphthalene A 1 Normal Alkanes

C,-Naphthalenes
C,-Naphthalenes
Cs-Naphthalenes
C,-Naphthalenes

Biphenyl

Acenaphthylene
Acenaphthene

Fluorene

C,-Fluorenes

C,-Fluorenes

Cs-Fluorenes

Phenanthrene

Anthracene
C,-Phenanthrenes/Anthracenes
C,-Phenanthrenes/Anthracenes
Cs;-Phenanthrenes/Anthracenes
C,-Phenanthrenes/Anthracenes
Dibenzothiophene
C,-Dibenzothiophenes
C,-Dibenzothiophenes
Cs-Dibenzothiophenes
Fluoranthene

Pyrene
C,-Fluoranthenes/Pyrenes
Benzo(a)anthracene

Chrysene

C,-Chrysenes

C,-Chrysenes

C5-Chrysenes

C,-Chrysenes
Benzo(b)fluoranthene
Benzo(k)fluoranthene

W WWWwWwWwWwWwWwWwwwwwww>>>>>>>>>P>P>P>P>P>>>r>> > > > >

A B2 DADMDMDDDEDOOOWWOWWOWWWWWWWWWWDNDNDNDNDNDNDNDDNDDNDDNPRE

n-Cyo
n-Cyy
n-Cy,
n-Cia
N-Cyy
N-Cis
N-Cyg
n-Cy7
Nn-Cyg
n-Cio
n-Cy
n-Cyy
n-Cx»
N-Cys
n-Cyy
N-Cys
Nn-Cyg
n-Cy
n-Cyg
N-Cy
n-Cxo
Nn-Csy
n-Cs
Nn-Cs3
N-Cszy

| soprenoid Hydrocarbons
Pristane
Phytane

> >» >» >» >» > >» >» > > > > > > > > > >> > > > > > >

>

P P P P P PP PP PP PP P RPRPPRPPRPRP PR P PP

Benzo(e)pyrene

Benzo(a)pyrene 4
Perylene 5 advisory only
Indeno(1,2,3-c,d)pyrene 4
Dibenzo(a,h)anthracene 4
Benzo(g,h,i)perylene 4
Specific Isomers

1-methylnaphthalene A 1
2-methylnaphthalene A 1
2,6-dimethylnaphthalene A 2
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Polycyclic Aromatic Hydrocar bons (PAH)

Aliphatic Hydrocarbons (AHC)

Internal Internal
Analyte Standard Surrogate Analyte Standard Surrogate
Reference Reference Reference Reference

1,6,7-trimethylnaphthalene A 2
1-methylphenanthrene A 3
Internal Standards Internal Standards
Fluorene-dy A deuterated n-cig A
Benzo(a)pyrene-d;» B
Surrogates Surrogates
Naphthalene-dg 1 deuterated n-Cy 1
Acenaphthene-do 2 deuterated n-C;,  Other surrogates for aliphatics are monitored to
Phenanthrene-dy, 3 insure per_fo_rmance o_f t_he method; if deuterated
Chrvsened deuterated n-C,4,  N-Cy exhibits a matrix interference, the closest

y 2z 4 surrogate not exhibiting an interference is used
Perylene-d,, (advisory only) 5 deuterated n-C3,  for calculations.

PWS RCAC 1997-1998 LTEMP Monitoring Report - Pub. No. 608.98.1

Page 20



Table5. Method Detection Limits (Dry Weight in ng/g) Deter mined for the 1997 - 1998 L TEMP Hydr ocar bon Analyses.

Polycyclic Aromatic Hydrocar bons (PAH) Aliphatic Hydrocarbons (AHC)
Tissue Sediment Sediment

July July July March
Analyte 1997 March 1998 1997 March 1998 | Analyte 1997 1998
Naphthalene 7.0 10.9 0.7 1.6 n-C10 3.3 2.5
C1-Naphthalenes 13.7 21.5 0.5 1.6 n-C11 3.6 2.5
C2-Naphthalenes 8.6 13.6 0.6 1.3 n-C12 0.7 2.5
C3-Naphthalenes 5.2 8.2 0.2 1.6 n-C13 0.8 3.4
C4-Nephthalenes 5.2 8.2 0.2 1.6 n-Ci4 0.8 4.4
Bipheny! 1.9 7.5 0.3 0.5 n-C15 11.2 6.3
Acenaphthylene 3.5 4.3 0.2 0.4 n-C16 3.0 1.8
Acenaphthene 3.5 55 0.1 0.6 n-C17 3.5 1.4
Fluorene 5.8 53 0.2 0.8 n-C18 4.1 10.2
C1-Fluorenes 115 10.6 0.4 1.6 n-C19 3.9 0.6
Co-Fluorenes 11.5 10.6 0.4 1.6 n-C20 3.9 0.9
C3-Fluorenes 115 10.6 0.4 1.6 n-C21 2.7 0.9
Phenanthrene 6.7 6.8 0.1 0.4 n-C22 1.8 1.2
Anthracene 5.2 4.0 0.1 0.4 n-C23 1.4 2.1
C1-Phenanthrenes/Anthracenes 10.9 17.1 0.3 1.1 n-C24 1.0 15
C2-Phenanthrenes/Anthracenes 10.9 17.1 0.3 1.1 n-Cog 1.6 23
C3-Phenanthrenes/Anthracenes 10.9 17.1 0.3 1.1 n-C26 0.9 1.8
C4-Phenanthrenes/Anthracenes 10.9 17.1 0.3 1.1 n-Co7 25 35
Dibenzothiophene 5.1 6.8 0.2 0.5 n-C28 1.1 3.4
C1-Dibenzothiophenes 10.3 13.6 0.3 1.0 n-C29 4.7 7.4
C2-Dibenzothiophenes 10.3 13.6 0.3 1.0 n-C30 15 1.9
C3-Dibenzothiophenes 10.3 13.6 0.3 1.0 n-C31 9.2 6.5
Fluoranthene 4.9 5.6 0.1 0.5 n-C32 2.1 6.1
Pyrene 43 4.9 0.1 0.6 n-C33 6.8 3.0
C1-Fluoranenes/Pyrenes 9.2 10.6 0.1 1.1 n-C34 4.1 4.0
Benzo(a)anthracene 25 2.3 0.1 0.3
Chrysene 3.0 8.0 0.2 0.5
C1-Chrysenes 6.1 16.0 0.4 1.0 Pristane 1.0 1.0
Co-Chrysenes 6.1 16.0 0.4 1.0 Phytane 1.6 1.0
C3-Chrysenes 6.1 16.0 0.4 1.0
C4-Chrysenes 6.1 16.0 0.4 1.0
Benzo(b)fluoranthene 2.1 3.2 0.1 0.5
Benzo(k)fluoranthene 7.2 2.2 0.3 0.2
Benzo(e)pyrene 4.4 4.9 0.1 0.7
Benzo(a)pyrene 9.6 4.3 0.2 1.4
Perylene 8.1 12.9 1.1 3.1
Indeno(1,2,3-c,d)pyrene 3.9 1.8 0.2 0.8
Dibenzo(ah)anthracene 3.6 1.4 0.3 0.7
Benzo(g,h,i)perylene 3.1 2.3 0.1 0.6
Total PAH (excluding perylene) 262.6 359.1 10.2 35.4 Total AHC 82.8 84.1
1-methylnaphthalene 7.8 12.3 10.2 0.7
2-methylnaphthalene
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Polycyclic Aromatic Hydrocar bons (PAH) Aliphatic Hydrocarbons (AHC)
Tissue Sediment Sediment
July July July March
Analyte 1997 March 1998 1997 March 1998 | Analyte 1997 1998
5.8 9.2 8.4 0.9
2,6-dimethylnaphthalene 4.3 6.8 9.1 0.6
2,3,5-trimethylnaphthalene 2.6 4.1 0.1 0.8
1-methyl phenanthrene 5.4 8.5 0.2 0.5

Internal standard solution consisted of deuterated n-Cy¢, with a sufficient amount added to obtain afinal concentration (of
extract volume) of approximately 2 pg/mL for sediment and water matrices. Matrix spiking solution consisting of alkanes
from nCyy to nCyy and pristane were added to matrix spike extracts at a concentration sufficient to provide a final
concentration of 10 pg/mL for sediment and water matrices.

Analyte concentrations were determined based on the concentration of deuterated n-C,, surrogate added before extraction.

If this surrogate failed to comply with quality control criteria due to a matrix interference, the closest surrogate not
exhibiting an interference was used in the calculations. Sediment data were generally reported in ng/g (ppb) and pg/g
(parts-per-million [ppm]) on a dry weight basis for AHC and UCM, respectively. Quantitation followed standard
procedures as provided in the GERG SOP-8904 and summarized in the Mussel Watch procedural document (NOAA,
1993). Field and equipment blank quantitation was based on 15 g dry sediment, and results were reported in ng/g (ppb)
and pg/g (ppm) for AHC and UCM, respectively.

Method detection limitsfor individual alkanes and isoprenoids (aliphatic compounds) are provided in Table 5. The MDLs
were determined in Spring 1997 and Spring 1998 following procedures outlined in Section 4.2.3. For data reporting, the
MDL was adjusted to account for actual sample size used for the analysis. The cumulative MDL for the summed
parameter of total AHC (TAHC) reflected in the table is the sum of individual MDLs for al the analytes within that
parameter. Asthereisno widely-accepted standard concerning the MDL for summed parameters, thiscumulative valueis
intended to provide a measure of what portion of each sum may have fallen below the MDL.

Individual AHC analyte concentrations falling below the calculated MDL but above zero (0) are considered estimates and
arequalified with the"J* qualifier (see Section 4.2.1). Concentrations equal to zero (0) are not measured and are qualified
with the "ND" code for non-detect.

3.2.7 Percent Lipid Determination

Lipid content is defined by GERG SOP-9414 as the weight of material extracted from tissue samples with methylene
chloride. Percent lipid material was calculated in tissue extracts by diluting to a known volume, removing an aliquot,
evaporating the aliquot to dryness, and weighing the dried material. The weight was then corrected for volume and divided
by the sample weight to determine percent lipid.

3.2.8 Gonadal Index Deter mination

Reproductive state of the mussels was determined for a discrete sample of 20 individual mussels collected from each
station during each survey. For each individual mussel collected, four separate measurements were obtained: shell length,
shell volume, weight of gonadal tissue, and weight of non-gonadal tissue (excluding byssal threads). After dissection of
the bivalves, shell length was measured using metric calipers and recorded to the nearest millimeter (mm). Shell volumes
were calculated by measuring the amount of water required to fill the shell and were recorded to the nearest 0.1 mL.
Weights of gonadal and non-gonadal tissue were determined using a Mettler® E200 electronic balance and recorded with
precision of 0.01 g. After al individual mussels had been measured, gonada tissue from al individuals was pooled for the
measurement of total gonad volume, which was accomplished by measuring the volume of displacement in a graduated
cylinder. Non-gonadal tissue was pooled and measured in the same manner. Each total volume measurement was
recorded to the nearest 0.5 mL. In addition to these measurements, visual observations concerning shell characteristics,
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gonad or body appearance, or other distinguishing factors were recorded as appropriate.
3.2.9 Particle Grain Size Deter mination

The determination of PGS was performed using a method adapted from Folk (1974), as described by GERG SOP-8908.
Sediment samples were homogenized and a subsample of 15- 20 g removed for analysis. The subsample wastreated with
30 percent hydrogen peroxide for 12 hours to oxidize organic matter and washed with distilled water to remove soluble
salts. After the addition of dispersant and shaking for approximately 24 hours, this sediment solution was sieved to
separate the gravel/sand fraction from the silt/clay fraction. Dry-sieve techniques were used to determine the sand and
gravel fractions. Silt and clay fractions were determined by a pipetting technique. Results were reported in percent (%)
sand, silt, and clay on a dry weight basis.

3.2.10 Total Organic Carbon Analysis

Total organic carbon analysis was performed as described by GERG SOP-8907 using a 500-mg aliquot of freeze-dried
sediment. The sediment was placed in an induction furnace designed to burn samples in an oxygen atmosphere. Gases
produced by the combustion were processed and put through an infrared detector for quantification of carbon dioxide.
Total organic carbon was determined after sample acidification. Carbonate carbon (inorganic carbon) was determined as
the difference between total carbon and total organic carbon. Results were reported in percent TOC and percent total
inorganic carbon (TIC, or carbonate carbon) on a dry weight basis.

3.3 Data Management and Analysis

3.3.1 Data Management

Data handling and management followed procedures outlined in prior LTEMP reports. The LTEMP data reside in a
relational database consisting of eleven tables in Microsoft® Access® (Table 6). Thisrelational database was used for all

aspects of data storage, error checking, and reporting. Microsoft Excel® was also used for data entry, data verification,
and calculation of summary statistics.

Table 6. Tablesin the LTEMP Database.

Table Contents
STATION field sampling information on a by-station basis
SAMPLE field sampling and sample shipment information on a by-sample basis

ANALYSIS analytical method and handling data on a by-sample and analysis basis, for field-collected samples

RESULT analytical results on aby-sample, analysistype, and individual analyte basis, for field-collected samples

QCANAL analytical method and handling data on a by-sample and analysis basis, for quality control samples
originating in the laboratory

QCRESULT analytical results on a by-sample, analysis type, and individual analyte basis, for quality control samples
originating in the laboratory

GONINF field sampling information for pooled gonadal index measurements (gonadal and non-gonadal tissue
volume)
GONIND gonadal index dataon a by-mussel basis (shell length, shell volume, non-gonadal weight, and gonadal
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Table Contents
weight)

CcocC chain of custody (COC) dataon a COC basis

COC _XFER COC information on a COC, relinquish date, and time basis

VALIDVAL provides valid values that may be found for different types of fieldsin the other tables (alook-up table)

3.3.2 Statistical Design

Asindicated in prior LTEMP reports, the program was designed to determine baseline conditions and help identify potentid
future impacts of ail transportation in the study area. It was aso designed to provide sufficient data to test three null
hypotheses addressing differences in chemical and physical characteristics among sampling sites and through time. The
initial program applied statistics to test these hypotheses, and the results were reported in annual reports. More recent
work on the program (1994 - 1998) has placed emphasis on the collection of more baseline data rather than the statistical
testing of those data.

3.3.3 Data Analysis

A number of PAH and AHC parameters indicative of possible petroleum contamination were utilized for summarizing the
results of the 1997 - 1998 program (Table 7). These same parameters were used for hypothesistesting in 1993 and 1994
and could be appropriate for usein future hypothesistesting. Polycyclic aromatic hydrocarbon parametersincluded TPAH
and thefossil fuel pollution index (FFPI; Boehm and Farrington, 1984). Aliphatic hydrocarbon parametersincluded TAHC
and the carbon preference index (CPI; Farrington and Tripp, 1977), aso known as the odd-even preferenceindex. The
UCM was a so used as adiagnostic indicator of petroleum contamination and is indicative of petroleum products that have
been extensively biodegraded.

Table7. Hydrocarbon Parameters used in LTEMP Data Analysis.

Parameter Relevance
TPAH Total PAH as determined by high resolution GC/M S with quantification by selected ion monitoring;
(mussel defined as the sum of 2 to 5-ring polycyclic aromatic hydrocarbons: Naphthalene + fluorene +
tissue and dibenzothiophene + phenanthrene + chrysene, and their alkyl homologues + other PAH (excluding
sediments) perylene); useful for determining TPAH contamination; includes petrogenic, pyrogenic, and diagenic
sources
FFPI Thefossil fuel pollution index istheratio of fossil-derived PAH to TPAH and is defined as follows:

(sediments) FFPI = (N + F + P+ D)/TPAH x 100, where:

N (Naphthalene series) = Co-N + C,-N + C-N + C;-N + C,-N
F (Fluorene series) = Cy-F+ C-F+ C-F + Ci-F

P (Phenanthrene/Anthracene series) = Cy-A +Cy-P+ C-P+ C,-P + C;-P + C,-P
D (Dibenzothiophene series) = Cy-D + C,-D + C,-D + C;-D

FFPI isnear 100 for petrogenic PAH; FFPI for pyrogenic PAH is near O (Boehm and Farrington, 1984)

TAHC Total aliphatic hydrocarbons quantifies the total n-alkanes (n-C,, to n-Cs,) + pristane and phytane;
(sediments) represents the total resolved hydrocarbons as determined by high resolution gas chromatography with
flame ionization detection (GC/FID); includes both petrogenic and biogenic sources
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Parameter Relevance
UCM Petroleum compounds represented by the total resolved plus unresolved area minus the total areaof all
(sediments) peaks that have been integrated; a characteristic of some fresh oils and most weathered oils
CH The carbon preference index represents the relative amounts of odd and even chain alkanes within a
(sediments) specific boiling range and is defined as follows:

CPl = 2(Cy7 + Cyo J(Cps + 2C5 + Cy)

Odd and even numbered n-alkanes are equally abundant in petroleum but have an odd numbered
preference in biological material; a CPI closeto 1 isan indication of petroleum and higher values
indicate biogenic input (Farrington and Tripp, 1977)

TPAH and TAHC indicate the total level of hydrocarbon input at a site but provide no information on the possible sources
(i.e., contamination of petrogenic, biogenic, pyrogenic, or diagenic origin; seeglossary). The other parameters described
by Table 7 provide information concerning the potential sources of the inputs. While these types of ratios such as the
FFPI are useful for determining potentia sources of petroleum in sediments, they are less appropriate for tissue analyses
because levels of tissue contamination are affected by factors such as preferential uptake of hydrocarbons,
bioaccumulation rates, depuration, and other biological processes. Therefore, FFPI ratios have not been discussed for
tissues in this report.

In addition, TOC and PGS data were collected as concomitant parameters to hydrocarbonsin sediments. 1n the event of
future hypothesis testing, these data would be analyzed to evaluate their correlation with the other sediment parameters.
Percent lipid data were reported due to their potential correlation with tissue hydrocarbon parameters. In addition, two
measures of reproductive state recorded could be used for hypothesistesting to help evaluate the general conditions of the
mussels. Theseincluded the ratios of gonadal weight to total body tissue weight (proportiona gonadal weight) and gonadal
weight to shell volume.

Certain conventions were used in preparing the data for analysis. All data were reported, including values below MDL.
Use of databelow the MDL (as defined for this program in Sections 3.2.5, 3.2.6, and 4.2.3) is considered valid and useful,
particularly when assessing low-level environmental contamination (US EPA, 1993). See prior program reports (KLI,
1996a and 1997a) for further discussion concerning the use of uncensored data for this program. When calculating
summed or ratio parameters, al values and estimated values (below MDL, indicated with a"J' qualifier) were used. For
parameters where individual analytes were used for cal culating summed parameters (TPAH and TAHC) and indices (FFPI,
CPI, and gonadal ratios), non-detect concentrations represented with a zero (0) value and/or the "ND" qualifier were
assigned a value of zero. For calculation of ratios based on individual analyte values, non-detect or zero values were
assigned avalue as shown in Table 8 in order to avoid division by zero errors. This method has been shown to cause less
bias in estimating population parameters than several aternative methods (Gilbert, 1987).

Table8.  Replacement Values for Zero (0) or Non-Detect (ND) Resultsin LTEMP Calculations.
Tissue Sediment
Parameter
Minimum Value Replacement Value Minimum Value Replacement Value
PAH analytes 0.1 ng/g 0.05 ng/g 0.1 ng/g 0.05 ng/g
AHC analytes Not Applicable Not Applicable 1.0 ng/g 0.5 ng/g
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UCM

Not Applicable

Not Applicable

0.1 pg/g

0.05 pg/g
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40 QUALITY ASSURANCE/QUALITY CONTROL

Since program inception in 1993, the LTEMP has included a comprehensive quality assurance/quality control (QA/QC)
program that encompassed all aspects of the project, from initial sample collection through laboratory analysis and data
analysis to reporting. The objectives of the QA/QC program were to fully document the field and laboraory data and to
maintain data integrity. The QA/QC program has been more fully described by prior program reports (e.g., KLI, 1994a
and 1997a) and was designed to allow the data to be assessed by the following parameters:

- Precision

- Accuracy

- Comparahility

- Representativeness
- Completeness.

These parameters are controlled by adhering to documented methods and procedures and by the analysis of quality control
(QC) samples on aroutine basis.

4.1 Field Quality Contral

Quality control activities in the field included adherence to documented procedures, including those in the study plan;
comprehensive documentation of sample collection and sample identification information; and the cdlection of quality
control samples (equipment and field blanks).

Sampling procedures used for this program have been fully documented in the study plan and prior annual reports. They
have also been successfully used on a large number of scientific programs. The use of documented and well-known
procedures provided for greater likelihood of obtaining sediment uncontaminated by sampling procedures or apparatus. It
also helped ensure that data collected over the course of the program are comparable and that the study results are
representative of conditions existing at the sampling sites.

Use of extensive field documentation provided a paper trail that existed for each sample and ensured credibility of the data.
In addition, sample integrity and identification were ensured by arigidly-enforced chain of custody program. The chain of
custody procedure documented the handling of a sample from the time the sample was collected to the arrival of the
sample at the laboratory.

Equipment rinsate blanks were collected once during each 1997 - 1998 survey for the analysis of PAH and AHC.

Equipment blanks consisted of a de-ionized (DI) water rinse of the grab after it had been decontaminated. These blanks
helped to assess comparability and representativeness of the data, providing information to determine if the grab and
sampling utensils were being adequately cleaned by the decontamination process.

Field blanks were collected once at Station AMT during Survey 11 (March 1998) for the analysis of PAH and AHC. Field
blanks consisted of HPL C-grade DI water poured from the DI stock dispenser into the appropriate sampling container.
Field blank analysis was used to assess the accuracy, comparability, and representativeness of the data by determining if
atmospheric contaminants such as boat exhaust or tanker emissions were present during sampling.

4.2  Laboratory Quality Control
Analytical quality control for this program included adherence to documented procedures, particularly SOPs; calibration of

analytical instruments; determination of method detection limits; and use of quality control samples, internal standards, and
surrogate solutions.
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4.2.1 Adherenceto Documented Procedures

Theanalytical laboratory, GERG, operates under aquality assurance (QA) program described in their QA management plan
and an overall QA project plan. This program involves the participation of qualified and trained personnel; the use of
standard operating procedures for anaytica methodology and procedures; a rigorous system of documenting and
validating measurements; maintenance and calibration of instruments; and the analysis of QC samples for precision and
accuracy tracking.

Documentation in the laboratory included finalizing the original chain of custody forms and generating the interna
documentsthat track samples through the laboratory, as outlined in GERG SOP-9225. The paper trail included the records
of various steps of analysis, including calibration and maintenance of equipment, preparation and analyses of samples, and
storage conditions (e.g., refrigerator l1ogs).

Analytical procedures were documented by the GERG SOPs listed in Table 3. Any deviations from the SOPs were
documented in the GERG project files. Data affected by such deviations were appropriately qualified as described in
Section 4.2.4. The SOPs are comprehensive and typically provide information concerning proper sample collection,
storage, and preservation; required apparatus and materials, analytica procedure; standardization and calibration
techniques; quality control samples required; methods of calculating values and assessing data quality; and reporting and
performance criteria.

The laboratory followed specific procedures when the data results did not meet acceptable quality criteria, as outlined in
the appropriate SOPs. This included the re-analysis of samples, if necessary, due to matrix interferences or other
problems. All sample results that did not meet QC criteria, if any, were qualified as falling outside QC limits using data
gualifiers provided in Table 9. Vauesthat met QC criteria were not typically qualified in the data with the exception that
some values were qualified with the "Y™ code for internal laboratory use.

Table9. Qualifiersfor LTEMP Data Reporting.

Data Code Description
B Analyte reported in blank
D Samplediluted in order to analyze, therefore surrogateis diluted
J Quantity below the MDL
ND Not detected (not measured above zero)
NA Not applicable

Matrix interference

M

N Valuesidentified as not within QC criteria
Q Does not meet QA criteria

Y Valuesidentified as within QC criteria

4.2.2 Instrument Calibration

Cdlibration isan integral part of any instrumental analysis. Calibration requirements for each type of analysis used on this
program arefully described in the appropriate GERG SOP. Typically, instrument calibration was performed daily and ona
per betch basis. For example, for AHC analysis, the gas chromatograph calibration was performed with at least five
standards with different concentrations, one of which was near the method detection limit. This initial calibration was
verified by the measurement of a calibration standard every six to eight samples.
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4.2.3 Determination of Method Detection Limits

The MDLs for the PAH and AHC analyses provided in Table 5 were determined following the method detailed in the
Federa Register 40 CFR Part 136, Appendix B (1986). The MDL is defined asthe lowest concentration of analyte that a
method can reliably detect. The MDLs were determined by calculating results of seven replicate measurements of one
low-level or spiked sample. The results of a Student's t-test at the 99 percent confidence level was multiplied by the
standard deviation of the seven replicates to obtain the lowest possible concentration that is quantifiable at this 99 percent
confidence limit (i.e., that isnot considered an estimate). The MDL determinations for the LTEMP were based on 1 g dry
weight for tissues with afinal extract volume of 1.0 mL and 15 g dry weight for sediment with afinal extract volume of
0.5mL.

MDLswere estimated for analytes not available in the spike solution or in the actual matrix (i.e., biological tissue) by using
the closest-related compound. For alkylated homologues such as C,-naphthalene, MDL swere estimated astwice that of a
similar authentic compound. Ascalled for by the procedure, analyte levels greater than 10 times the historical MDL were
not used to calculate MDLs; for analytes exhibiting this matrix interference, the MDL was estimated using the closest
related compound.

The MDL was adjusted for sample size for each individual sample and each individual analyte for reporting purposes.
Analyte concentrations that fell below the calculated MDL but above zero (0) were considered estimates and were qualified
withthe"J' qualifier. Concentrationsegual to zero (0) were not measured and were qualified with the "ND" code for non-
detect.

During prior LTEMP reporting periods, TPAH or TAHC values were qudified with the "J" if the qualifier was used on all
but two of the individual analytes within that summed parameter. This practice has been discontinued by GERG as it
provides no information about how much of the total value actually falls above or below the MDL and is somewhat
misleading. Therefore, the summed parameters of TPAH and TAHC do not include qualifiers in this report.

4.2.4 Internal Quality Control Checks

Internal laboratory QC checks included the use of surrogate solutions and QC samples such as procedural blanks, matrix
spike/spike duplicates, standard reference materials (SRMs), reference oils, and duplicates. Results from these QC
samples allow the assessment of quality assurance parameters such as accuracy and precision of the data. A summary of
the QC and acceptable results criteriais provided in Table 10.

Surrogate compounds, described in Section 3.2.1, were spiked into all PAH/AHC samples prior to extraction to measure
individual sample matrix effects which are associated with sample preparation and analysis. This included QC samples
such asfield-collected blanks, procedural blanks, and matrix spike samples. Surrogate compound analyses were reported
in percent recovery. If asurrogate could not be measured because the sample required dilution, the surrogate recovery
was appropriately qudified ("D"). All surrogate percent recoveries must fall within 40 to 120 percent. If the surrogate
recoverieswere outside these limits, the laboratory took corrective actions, such as rechecking cal culations, ensuring the
purity of internal standards and surrogate solutions, verifying instrument performance, or other appropriate steps. If a
matrix interference or other problem was identified, the data were appropriately qualified. If investigative and corrective
actions failed to identify a problem, the extract was re-injected on the gas chromatograph and the surrogate recoveries
again compared to the acceptable limits of 40 to 120 percent. |If the surrogate recoveries fell within these limits, the
reanalysis data were reported. If QC standards were still not met, the sample may have been re-extracted (if sufficient
volume existed) and analyzed. If insufficient volume existed, the data were reported but designated as outside acceptable
QC limits. Surrogates that co-eluted with interferences were appropriately qualified and an aternative, closest-€luting
surrogate exhibiting no interferences was used for calculations.

A procedural blank consisting of HPL C water was run with each batch of field-collected QC blanks for PAH and AHC. A
procedural blank of reagent was run with each batch or at least once in 20 tissue and/or sediment samplesfor PAH, AHC,
and TOC analyses. Procedural blanks were subject to the entire analytical procedure. Procedural blank levels less than
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three timesthe MDL were acceptablefor PAH, AHC, and TOC. If blank levelsfor any component were greater than three
times the MDL, the procedure and instruments were investigated to identify sources of contamination. The sample set
wastypically re-extracted and re-analyzed. Should insufficient sample material be available, the datamay be reported with
the appropriate qualifier. An analyte exhibiting levels a greater than three times the MDL in the blank would be qualified
with the"B", aswould the same analyte in the samplesin that analytical batch showing that analyte at alevel of lessthan 10
timesthe MDL. For samples within that batch showing that analyte at concentrations of greater than 10 times the MDL,

no qualifier was necessary.

Table10. Schedule of Internal Quality Control (QC) Checks and Acceptance Criteria for Each Analysis
Performed for the LTEMP.
Typeof QC Type of Analysis
(reporting
method) PAH AHC TOC PGS
Surrogate al samplesand QC all sasmplesand QC
Spike Solution samples; samples;
(% recovery) 40- 120% 40- 120%
Procedura Blank 1lin20 samplesor 1 1lin20 samplesor 1 1in 20 samples
(concentration) per batch; per batch; or 1 per batch;
<3x MDL <3x MDL <3x MDL
Matrix Spike/Matrix lin20 samplesor 1 1lin20 samplesor 1
Spike Duplicate per batch; per batch;
(% recovery) average of all average of all
compounds 40 - 120 compounds 40 - 120
%. Seealso %. Seealso
duplicate (below) duplicate (below)
Standard Reference lin20samplesor 1 Reference
Material (SRM) per batch for material used as
sediment and tissue calibration
PAH; < 30 % of the standard; values
analytes should must fall within
deviate more than |aboratory's
+35 % from certified calibration curve
range
Reference Qil 1in 20 samplesor 1 lin20samplesor 1

(concentration)

per batch;
averages, standard
deviations, and

per batch; averages,
standard
deviations, and

ranges are ranges are
calculated to calculated to
provide an estimate provide an estimate
of precision of precision

Duplicate
(concentration or
relative percent
difference [RPD])

1lin20samplesor 1
per batch; used to
assess laboratory
performance

1lin20samplesor 1
per batch; used to
assess laboratory
performance

1in 20 samples
or 1 per batch;
+20 % for low
level (<1.0 %)
carbon samples
and £10 % for
normal/high
carbon (>1.0 %

1in 20 samples
or 1 per batch;

used for
qualitative

assessment of
homogeneity of

sediment
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carbon) |

Matrix spike and matrix spike duplicates were al so run with each batch or for every 20 PAH and AHC samples, whichever
was more frequent. For this type of quality control analysis, a sample was randomly chosen and split into three
subsamples. Two of these subsampleswere fortified with the matrix spike solutions. All three subsamples were analyzed
following routine procedure, and the fortified sampleswere reported in percent recovery of the matrix spike solution. The
QC criteriafor matrix spikesfor both PAH and AHC were that the average recoveriesfor al compounds must fall between
40 and 120 percent. If these criteria were not met, the matrix spike was re-injected on the GC. If the results met the
criteria, they werereported. If the re-injection resultsfailed, the entire batch of sampleswas resubmitted for extraction (if
sufficient sample material was available). If insufficient sample existed, the data were reported but designated as falling
outside the QC criteria.

The SRMs used for the LTEMP were obtained from the National Institute of Standards and Technology (NIST) and were
typically analyzed only for PAH and TOC in sediments (NIST SRM 19414d). For PAH analyses, average values must fall
within £30 percent of the certified values. In addition, less than 30 percent of the analytes having certified values of
greater than 10 times the laboratory MDL should exceed +35 percent of the certified range of values. If these criteriaare
not met but all other quality control criteriaare in control, no corrective action is required, and the data are qualified with
the "Q" qualifier code. For TOC, the reference material values must fall within the laboratory's calibration curve. The
SRM data provided during this reporting period (Survey 10 only) for AHC do not have certified or consensus values and
data are for internal laboratory use.

Additional SRMs were analyzed for tissue PAH (NIST SRM 1974a). Vaues for this SRM had been reported in the past
(pre-1997) as consensus values because the SRM had not yet been certified by NIST; however, certification of this
standard occurred in late 1995, and values reported in this data set are compared to the certified values.

Laboratory reference oils consisting of laboratory-prepared Exxon Valdez crude oil standards were analyzed with each
batch of PAH and AHC. Results of the reference oil analyses were used to provide an estimate of precision over the
course of the analysis. Descriptive statistics calculated from these results included averages, standard deviations, and
ranges. For the analysis of TOC, LECO® pin and ring carbon standards were run as reference materials and used
essentially as calibration standards. Sample results must fall within the laboratory's calibration curve.

Duplicate samples were analyzed for the PAH, AHC, TOC, and PGS parameters at arate of each batch or onein every 20
samples. Samples were split into two subsamples or duplicates and analyzed following normal protocol. Total organic
carbon duplicates must fall within £20 percent for low level samples (<1.0 percent carbon) and £10 percent for normal
and high level samples (>1.0 percent carbon). Duplicate resultsfor PAH, AHC, and PGS do not have formal acceptance
criteria and are used as a more qualitative measure of |aboratory performance or sediment homogeneity. In addition,
relative percent difference (RPD) criteriawere applied to the matrix spike/spike duplicate and sasmple/duplicateresultsasa
measure of precision. All RPD results recorded at the laboratory are charted to ensure that 95 percent of the points are
within two gandard deviations of the mean. Separate charts are maintained for each matrix and analyte. For analytes
having concentrations of greater than 10 timesthe MDL, an average RPD of lessthan 25 is generally considered optimal.
In calculating the RPD, the value of half the MDL was used for any analyte where the concentration fell below the MDL.
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5.0 RESULTSAND DISCUSSION
51 I ntroduction

The purpose of the LTEMP is to provide long-term baseline measurements of hydrocarbon levels and sourcesin mussels
and sediments at program sites within areas of PWS and the Gulf of Alaska represented by the RCAC. These data may
then be used to determine future potential impacts of petroleum industry activities on these measurable aspects of the
ecosystem. This report primarily presents results from surveys performed during July 1997 and March 1998. Where
pertinent, summary data from prior years of the LTEMP have been included for comparison. This includes depiction of
the historical station means (mean of all replicates collected over time) and error bars representing variability of the survey
means.

A summary of samples collected during 1997 - 1998 is provided in Table 11. Appendices A and B provide sampling
information as well as analytical results for each sample collected and analyzed. This section provides an overview and
discussion of analytical results. Where data from prior program years have been included in the text or summarized in
tables or figures, the reader is referred to prior reports for additional information as required.

All hydrocarbon parameters include analyte values as well as estimated concentrations (i.e., those that were qualified as
below the MDL). Therefore, results and discussion presented in this report are based on data that have not been censored
by removing concentrations below the MDL. The reader isreferred to the appendicesfor the full data, including individual
analyte values and data qualifiers. The low levels of some of the analytes and the prevalence of estimated concentrations
(vaues below MDL) should be kept in mind while reading this report. Also, lower PAH MDLswere achieved for the July
1997 sample set as compared to earlier LTEMP surveys as well as the March 1998 survey (Table 5). Although the same
laboratory procedures were followed, improved instrument sensitivity effectively lowered the baseline above which the
signal of hydrocarbons could be seen, so smaller concentrations could be determined, including many of the PAH akylated
homol ogues that were previously non-detectablein tissue samples. Asaresult, clearer PAH fingerprints were exhibited for
some sites, particularly for tissues where concentrations were generally very low. This was less obvious for the
sediments, since sediment PAH concentrations have typically been higher (above MDLs) and many of the akyl
homologues had been detected previously. The MDLsreported for sediment AHC for the July 1997 sample set were also
somewhat lower than those reported in the past, but the effect this has on the data was negligible, since concentrations
have typically been above MDLs. The MDLs reported for the March 1998 sample set were more comparable to those
MDLs reported in prior years of the program, so apparent increases in concentrations at some sites for this survey are
likely to be redl.

Hydrocarbons are an important constituent of petroleum, with PAH and AHC accounting for more than 70 percent of
petroleum by weight. While hydrocarbons are ubiquitous in the marine environment, petroleum-derived hydrocarbons can
be used to trace petroleum contamination (Brassell et a., 1978; Boehm and Requejo, 1988; Kennicutt and Comet, 1992).
Aliphatic hydrocarbons can also be synthesized by planktonic and terrestrial organisms.
Petroleum contains a homologous series of n-akanes with one to more than 30 carbons with odd and even n-akanes
present in nearly equal amounts, whereas organisms preferentially produce specific suites of norma akanes with odd
numbers of carbons from 15 to 33. Petroleum also contains a complex mixture of branched and cycloalkanes generally
not found in organisms, although the latter may be found as degradation products in bacteria. This complex mixture can
produce a chromatogrgphically unresolved complex mixture of compounds (the UCM) when petroleum is extensively
biodegraded. The presence and amount of the UCM can be an indicator of petroleum contamination.
Petroleum contains monoaromatic and polycyclic aromatic hydrocarbons (PAH), both of which can be toxic to organisms.
Monoaromatic hydrocarbons such as benzene, toluene, and xylene are highly volatile and are quickly lost through
evaporative processes. These compounds do not persist in the marine environment for long periods of time and have not
been measured in this study. Petroleum contains an extensive suite of PAH, and the amount and composition of the PAH
fraction can be effectively used as atracer of petroleum contamination. PAH are also toxic and serve as an indication of
exposure in organisms. In general, PAH are more resistant to microbia breakdown than many aliphatic hydrocarbonsand
thustend to persist in the environment longer. Based on consideration of the petroleum chemistry, biological occurrences
of hydrocarbons (i.e., interferences), and toxicological effects, aliphatic hydrocarbons (AHC) and PAH were chosen asthe
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preferred organic tracers of potential future petroleum contamination in PWS.

Table1l. Summary of Samples Collected for the 1997 - 1998 LTEMP.
Number of Replicates
Station Station Station Analysis
Location Designation Type Type Matrix Survey 10 Survey 11
(7197) (3/98)
AIB-B Intertidal PAH/lipids Tissue 3 3
AIALIK BAY AIB-B Intertidal Gonadal Index Tissue 1 1
AMT-B Intertidal PAH/lipids Tissue 3 3
AMT-B Intertidal Gonadal Index Tissue 1 1
1EB
AMT-S Subtidal PAH/AHC Water blank 1EB 1FB
ALYESKA AMT-S Subtidal PAH/AHC/ITOC Sediment 3 3
MARINE
TERMINAL AMT-S Subtidal PGS Sediment 3 3
DII-B Intertidal PAH/lipids Tissue 3 3
DII-B Intertidal Gonadal Index Tissue 1 1
a b
Dil-l Intertidal PAH/lipids Tissue 1 NA
a b
DIl Intertidal PAH/AHC/ITOC Sediment 1 NA
a b
DIl Intertidel PGS Sediment 1 NA
DII-M Shallow Subtidal PAH/AHC/ITOC Sediment 3 3
DISK ISLAND DII-M Shallow Subtidal PGS Sediment 3 3
GOC-B Intertidal PAH/lipids Tissue 3 3
GOC-B Intertidal Gonadal Index Tissue 1 1
GOC-S Subtidd PAH/AHCITOC Sediment 3 3
GOLD CREEK GOC-S Subtidal PGS Sediment 3 3
KNH-B Intertidal PAH/lipids Tissue 3 3
KNH-B Intertidal Gonadal Index Tissue 1 1
KNH-M Shallow Subtidal PAH/AHC/ITOC Sediment 3 3
KNOWLES
HEAD KNH-M Shallow Subtidal PGS Sediment 3 3
SHEEP BAY SHB-B Intertidal PAH/lipids Tissue 3 3
SHB-B Intertidal Gonadal Index Tissue 1 1
SHB-M Shallow Subtidal PAH/AHC/ITOC Sediment 3 3
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Number of Replicates
Station Station Station Analysis
Location Designation Type Type Matrix Survey 10 Survey 11
(7197) (3/98)
SHB-M Shallow Subtidal PGS Sediment 3 3
SHH-B Intertidal PAH/lipids Tissue 3 3
SHH-B Intertidal Gonadal Index Tissue 1 1
SHUYAK SHH-M Shallow Subtidal PAH/AHCITOC Sediment 3 3
HARBOR
SHH-M Shallow Subtidal PGS Sediment 3 3
SLB-B Intertidal PAH/lipids Tissue 3 3
SLB-B Intertidal Gonadal Index Tissue 1 1
a b
SLB-l Intertidal PAH/lipids Tissue 1 NA
a b
SLB-l Intertidal PAH/AHC/ITOC Sediment 1 NA
a b
SLB-l Intertidal PGS Sediment 1 NA
SLEEPY BAY SLB-M Shallow Subtidal PAH/AHCITOC Sediment 3 3
SLB-M Shallow Subtidal PGS Sediment 3 3
WIB-B Intertidal PAH/lipids Tissue 3 3
WIB-B Intertidal Gonadal Index Tissue 1 1
WINDY BAY WIB-M Shallow Subtidal PAH/AHCITOC Sediment 3 3
WIB-M Shallow Subtidal PGS Sediment 3 3
a .
Opportunistic Sample
b

Archived (Not Analyzed)

EB Equipment Blank
FB Field Blank
NA Not Applicable

Polycyclic aromatic hydrocarbons are generally divided into three main sources. biogenic, petrogenic, and pyrogenic.
Biogenic PAH are those formed by biological processes or those formed during the early stages of diagenesis. Biogenic
PAH that are synthesized by organisms can be easily differentiated from those in petroleum. Most abundant of theseis
perylene, which is believed to be formed during the bacteriological breakdown of organic matter in marine sedimentsby a
process called early diagenesis (Venkatesan, 1988). Since peryleneis not found in petrogenic PAH, it has been excluded
from the summation of TPAH in this report.

Petrogenic PAH include crude oil and itsrefined products. Potential sources of petrogenic PAH inthe LTEMP study area
include: Alaska North Slope (ANS) crude including EVOS oail residues; Cook Inlet crude; Katalla, Yakataga, and other
eastern Gulf of Alaska seep ail; oil product from the Alyeska Marine Terminal; and refined petroleum products that have
made their way into the marine environment. Alaska North Slope crude consists of a mixture of petroleum from the
various production fields on the Alaskan North Slope, including Prudhoe Bay, Kuparuk, Endicott, and Lisburne, and
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exhibits a fingerprint that is quite distinct from that of oil found in other geographic areas. The EVOS of March 1989
consisted of AlaskaNorth Slope crude, which over time has weathered to produce a slightly different fingerprint than that
of fresh crude. Petroleum that originates from natural seepsin the Gulf of Alaska contribute to the natural hydrocarbons
(or "background hydrocarbons") in the study area, and these also exhibit adistinctly different fingerprint. Other petroleum
products that may have been introduced into the marine environment in PWS include oil products from source-rock in
locations other than Alaska. For example, the Great Alaskan Earthquake of 1964 and the resultant tsunamis caused the
introduction of fuel oil and asphalt made from California source oils into Port Vadez, and subsequently into PWS
(Kvenvolden et a., 1995). These authors noted that residues of these California-sourced products have been found
throughout the northern and western parts of PWS, typically in the form of tar balls found on beaches at the high tide line.

Petrogenic PAH have a characteristic fingerprint where the parent compounds (i.e., G-naphthalenes, fluorenes,

phenanthrenes, dibenzothiophenes, and chrysenes) are usually at lower concentrations than their alkyl homologues. With
weathering, this feature becomes more prominent since the more soluble parent compound (C,) disappears beforethe akyl

homologue (C,), which in turn disappears more quickly than C,, and so on. This characteristic weathering fingerprint is
termed a ‘water-washed profile’ when the Gy<C;<C,<C; within each PAH group.

Pyrogenic PAH sourcesinclude atmospheric fallout and surface runoff from the burning of fossil fuels (diesdl, heating ail,
gasoline, etc.) and from other pyrogenic sources such asforest firesand camp fires. Creosote, which isused to preserve
wood pilings, isusualy included in this category also. Pyrogenic PAH are characterized by high molecular weight PAH,
greater than Cs-dibenzothiophene, and by high concentrations of the parent compounds compared to their akyl
homologues. A typical pattern for pyrogenic PAH is decreasing concentration with molecular weight within agroup, i.e.,
Co>C>C,>C3>C,y. It has been noted, however, that the PAH in diesel soot has primarily apetrogenic signature (Bence and
Burns, 1995).

5.2 Tissue

Polycyclic aromatic hydrocarbon concentrations in tissues have been widely used to assess the level of exposure to
petroleum contamination. However, tissue contaminants may not directly reflect environmental levels due to severd
factors including preferential uptake, bioaccumulation, detoxification, metabolism, and depuration. These confounding
factors can obscure the relationship between body burden and actual exposure. The uptake and ability to eliminate
contaminants is dependent on species, with invertebrates such as mussels generally less capable of elimination than
vertebrates such as fish. Mussels and other molluscs have been shown to adjust to changes in ambient conditionsin 90
days or less (NOAA, 1989b), which means that contaminants in their body tissues are likely to indicate fairly recent
exposure. For example, researchers have shown that concentrations of PAH and polychlorinated biphenyls (PCBS)
increasein tissueto alevel statein about 20 days when the animals were exposed to contaminated resuspended sediments
(Pruell et al., 1987).

5.2.1 Polycyclic Aromatic Hydrocarbons

Overall, tissue concentrations of PAH compounds remained relatively low at most stations during the 1997 - 1998 LTEMP.
Concentrations of TPAH in each replicate were generally above their cumulative MDL s at each station for each of thetwo
surveys. 263 ppb for July 1997 and 359 ppb for March 1998 (Table 12). However, many individual PAH analytes were
found to be at low (below MDL) or non-detectable concentrations at most locations during the two 1997 - 1998 surveys
(Appendix A). In generd, the July 1997 survey had a much greater percentage of non-detectable PAH anaytes as
compared to the March 1998 survey. This apparent difference does not appear to be due to higher instrument sensitivity
for the March 1998 survey, the data for which were reported using higher MDL s than the July 1997 sample set and lower
MDLsthan those for past years. Thisapparent recent increasein PAH was seen at many sites asindicated by mean TPAH

levels reported for all LTEMP surveys (Table 13 and Figure 11). In fact, areview of the historical data indicates that
many of the stations have shown elevated levels of TPAH during the past two to three surveys when compared to prior
surveys. Stations AlB, KNH, SHB, and SHH all showed elevated mean TPAH values during at least one of the last two
surveys as compared to all other surveys.
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Table12. Summary of 1997 - 1998 LTEMP Tissue TPAH and Percent Lipid Results.

TPAH (ppb) Lipid (%)
Station Survey 10 (7/97) Survey 11 (3/98) Survey 10 (7/97) Survey 11 (3/98)
Rep.1 | Rep.2 | Rep.3 [ Rep.1 | Rep.2 | Rep.3 | Rep.1 | Rep.2 | Rep.3 | Rep.1 | Rep.2 | Rep.3
AIB-B 6010 | 6472 | 5221 | 12137 | 4990 | 13237 6.2 43 74 30 30 29
AMT-B | 6136 | 4858 | 5225 | 5544 | 5468 | 490.0 84 8.2 6.3 29 23 19
DIl-B 5724 1581 143.7 3788 | 12870 | 3948 27 45 47 29 23 16
GOC-B | 5906 | 3102 | 3706 | 4788 | 4507 | 4872 51 6.7 7.7 24 31 24
KNH-B 766.8 857.0 874.2 5287 | 12245 | 7791 47 43 49 40 6.8 50
SHB-B | 11009 | 10939 | 7718 408.1 257.6 2525 42 45 52 28 42 41
SHH-B | 9201 | 4016 | 4645 | 2804 | 6613 | 4385 41 43 33 43 31 43
SLB-B | 10056 | 6258 754.0 562.7 4820 484.3 53 45 49 32 24 29
WIB-B | 3541 | 1461 | 5312 | 4368 | 6930 | 3181 42 34 5.2 26 25 30
Table13. Mean LTEMP Tissue Results by Station and Survey - 1993 through 1998.
Gonadal
Non- Proportional Weight/
] Shell Shell Gonadal Gonadal Gonadal Shell
(guit\l/(;;) TPAH Lipid Length Volume Weight Weight Weight Volume
(Ppb) (%) (mm) (mL) ©) ©) (Ratio) (Ratio)
AlIB-B (3/93) 70.9 6.2 34 31 0.13 0.79 0.13 0.04
AlIB-B (7/93) 104.5 59 31 24 0.05 0.61 0.08 0.02
AlIB-B (3/94) 193.6 3.7 30 17 011 0.56 0.16 0.07
AlIB-B (7/94) 126.0 8.4 37 31 0.14 0.95 0.13 0.05
AlIB-B (3/95) 55.6 4.7 36 2.8 0.19 0.95 0.16 0.07
AlIB-B (7/95) 54.8 7.0 38 3.7 0.46 1.40 0.24 0.12
AlIB-B (3/96) 91.6 4.2 32 22 0.17 0.86 0.17 0.08
AlIB-B (7/96) 151.4 10.7 34 29 0.28 1.06 0.20 0.10
AlIB-B (3/97) 2921 4.7 34 20 011 0.85 011 0.06
AlIB-B (7/97) 590.1 6.0 35 2.7 0.24 0.99 0.18 0.09
AlIB-B (3/98) 1012.1 30 34 24 0.25 0.87 0.23 011
AMT-B (3/93) 325.0 7.6 42 57 0.40 155 0.20 0.07
AMT-B (7/93) 248.2 6.4 43 41 0.26 1.46 0.15 0.07
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Gonadal

Non- Proportional Weight/

] Shell Shell Gonadal Gonadal Gonadal Shell

(guart\l/g) TPAH Lipid Length Volume Weight Weight Weight Volume
(Ppb) (%) (mm) (mL) ©) ©) (Ratio) (Ratio)
AMT-B (3/94) 797.3 3.8 41 44 0.32 1.22 0.19 0.07
AMT-B (ELS) | 14351.2 8.9 42 24 0.34 127 0.21 0.15
AMT-B (7/94) 1580.7 10.7 40 37 0.22 121 0.15 0.06
AMT-B (3/95) 517.1 21 42 45 0.16 1.05 0.12 0.03
AMT-B (7/95) 87.3 6.6 42 4.4 0.47 1.88 0.20 0.11
AMT-B (3/96) 241.6 14 40 4.0 0.13 0.98 0.12 0.03
AMT-B (7/96) 229.2 6.1 42 4.4 0.42 161 0.20 0.10
AMT-B (BWTP) 578.3 4.7 42 4.2 0.26 1.34 0.16 0.06
AMT-B (3/97) 582.2 38 40 39 0.24 112 0.17 0.06
AMT-B (7/97) 540.6 7.6 42 4.9 0.38 1.64 0.19 0.08
AMT-B (3/98) 530.4 24 38 3.9 0.18 0.95 0.16 0.04
DII-B (3/93) 107.0 45 36 3.7 0.13 0.81 0.14 0.04
DII-B (7/93) 92.1 6.8 40 4.6 0.23 1.33 0.15 0.05
DII-B (3/94) 290.4 6.5% 39 3.9 0.29 1.19 0.19 0.07
DII-B (7/94) 812.7 6.1 41 43 0.24 1.30 0.16 0.06
DII-B (3/95) 248.8 31 40 39 0.28 1.29 0.17 0.07
DII-B (7/95) 113.3 37 42 5.0 0.32 1.50 0.17 0.07
DII-B (3/96) 116.6 0.8 38 3.7 0.11 0.89 0.11 0.03
DII-B (7/96) 120.3 33 37 35 0.14 0.95 0.13 0.04
DII-B (3/97) 349.9 30 34 2.6 0.16 0.87 0.15 0.06
DII-B (7/97) 291.4 4.0 35 2.8 0.17 0.98 0.14 0.06
DII-B (3/98) 686.9 2.3 34 2.6 0.32 0.96 0.25 0.13
GOC-B (3/93) 617.6 6.0 38 4.2 0.43 125 0.26 0.10
GOC-B (7/93) 127.1 7.0 41 49 0.25 147 0.14 0.05
GOC-B (3/94) 549.0 41 42 43 0.21 116 0.15 0.05
GOC-B (7/94) 778.5 121 43 43 0.31 1.66 0.16 0.07
GOC-B (3/95) 644.5 37 38 33 0.14 0.95 0.12 0.04
GOC-B (7/95) 775 8.0 41 4.2 0.41 164 0.20 0.10
GOC-B (3/96) 151.0 15 38 35 0.15 0.92 0.13 0.04
GOC-B (7/96) 132.7 6.3 40 3.6 0.42 154 0.21 0.12
GOC-B (3/97) 391.2 33 39 3.8 0.25 115 0.17 0.06
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Gonadal

Non- Proportional Weight/

] Shell Shell Gonadal Gonadal Gonadal Shell

(ztuart\l/(;;) TPAH Lipid Length Volume Weight Weight Weight Volume
(Ppb) (%) (mm) (mL) ©) ©) (Ratio) (Ratio)
GOC-B (7/97) 423.8 6.5 41 4.0 0.34 1.56 0.17 0.08
GOC-B (3/98) 472.2 2.6 40 4.0 0.23 1.09 0.17 0.06
KNH-B (3/93) 72.4 44 30 22 0.08 0.52 0.13 0.04
KNH-B (7/93) 106.4 6.7 25 12 0.07 0.39 0.15 0.06
KNH-B (3/94) 4111 49 28 11 0.12 0.46 0.16 0.13
KNH-B (7/94) 375.7 7.3 33 22 0.11 0.67 0.13 0.05
KNH-B (3/95) 1375 45 31 22 0.09 0.66 0.11 0.04
KNH-B (7/95) 100.9 8.7 32 23 0.28 0.87 0.24 0.12
KNH-B (3/96) 144.8 35 30 22 0.11 0.63 0.15 0.05
KNH-B (7/96) 365.2 7.9 30 23 0.13 0.64 0.17 0.06
KNH-B (3/97) 472.8 2.8 29 19 0.09 0.50 0.15 0.05
KNH-B (7/97) 832.7 4.6 29 14 0.08 0.54 0.13 0.06
KNH-B (3/98) 844.1 53 27 14 0.08 0.48 0.15 0.06
SHB-B (3/93) 441 5.0 37 41 0.19 0.99 0.16 0.05
SHB-B (7/93) 293.1 5.7 37 3.7 0.19 1.03 0.15 0.05
SHB-B (3/94) 96.9 6.4 37 2.8 0.17 0.96 0.14 0.06
SHB-B (7/94) 203.6 7.9 37 31 0.11 0.97 0.10 0.04
SHB-B (3/95) 66.2 4.0 36 3.6 0.15 1.00 0.12 0.04
SHB-B (7/95) 77.6 6.8 34 2.6 0.21 0.92 0.19 0.08
SHB-B (3/96) 111.2 25 33 3.0 0.13 0.80 0.14 0.05
SHB-B (7/96) 320.6 7.7 33 2.6 0.19 0.74 0.20 0.07
SHB-B (3/97) 390.7 39 34 29 0.18 0.74 0.20 0.07
SHB-B (7/97) 988.9 4.6 34 25 0.12 0.83 0.12 0.05
SHB-B (3/98) 306.1 3.7 34 2.7 0.25 0.97 0.20 0.10
SHH-B (7/93) 58.0 7.3 41 42 0.19 1.23 0.13 0.05
SHH-B (3/94) 83.3 54 39 4.0 0.33 1.30 0.20 0.08
SHH-B (7/94) 67.5 9.5 45 54 0.31 177 0.15 0.06
SHH-B (3/95) 58.9 7.3 39 3.6 0.33 134 0.19 0.09
SHH-B (7/95) 55.7 6.0 43 48 0.32 1.65 0.16 0.07
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Gonadal

Non- Proportional Weight/
] Shell Shell Gonadal Gonadal Gonadal Shell
(guart\l/g) TPAH Lipid Length Volume Weight Weight Weight Volume
(Ppb) (%) (mm) (mL) ©) ©) (Ratio) (Ratio)
SHH-B (3/96) 100.0 32 41 37 0.28 137 0.17 0.07
SHH-B (7/96) 341.0 9.0 39 37 0.20 122 0.14 0.05
SHH-B (3/97) 319.1 17 40 4.0 0.20 1.10 0.15 0.05
SHH-B (7/97) 5954 39 40 39 0.19 123 0.15 0.05
SHH-B (3/98) 460.1 39 36 25 0.14 0.94 0.12 0.05
SLB-B (3/93) 3584 48 32 3.0 0.15 0.81 0.15 0.05
SLB-B (7/93) 91.6 6.7 30 20 0.09 0.59 0.13 0.05
SLB-B (3/94) 2209.3 5.7° 28 1.4 0.10 0.33 0.24 0.08
SLB-B (7/94) 385.8 8.1 37 3.2 0.20 1.07 0.16 0.06
SLB-B (3/95) 623.5 45 33 2.8 0.14 0.87 0.13 0.05
SLB-B (7/95) 162.3 8.2 34 30 0.17 0.88 0.15 0.05
SLB-B (3/96) 129.8 23 32 23 0.12 0.72 0.14 0.05
SLB-B (7/96) 124.7 4.6 32 25 0.12 0.77 0.14 0.05
SLB-B (3/97) 298.8 24 34 2.6 0.08 0.65 0.10 0.03
SLB-B (7/97) 795.1 49 33 2.2 0.15 0.87 0.15 0.08
SLB-B (3/98) 509.7 2.8 33 2.7 0.23 0.88 0.21 0.09
WIB-B (3/93) 64.6 51 35 38 0.11 0.84 0.10 0.03
WIB-B (7/93) 84.4 8.2 36 34 0.16 0.97 0.14 0.05
WIB-B (3/94) 125.6 6.3 37 3.2 0.14 0.94 0.13 0.04
WIB-B (7/94) 86.3 1.7 40 41 0.23 1.26 0.15 0.05
WIB-B (3/95) 62.0 84 36 2.8 0.13 0.92 0.12 0.05
WIB-B (7/95) 52.8 6.1 37 34 0.27 1.16 0.18 0.08
WIB-B (3/96) 112.0 29 39 3.7 0.17 115 0.13 0.04
WIB-B (7/96) 148.7 6.9 39 4.2 0.24 1.27 0.15 0.05
WIB-B (3/97) 559.3 2.7 40 33 0.11 1.09 0.08 0.03
WIB-B (7/97) 343.8 43 37 37 0.20 111 0.15 0.06
WIB-B (3/98) 4382.6 2.7 38 29 0.29 1.20 0.20 0.10
a Mean of Replicates 1 and 2 only; Replicate 3 lost during processing.
b Mean of Replicates 2 and 3 only; Replicate 1 lost during processing.
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Figure 11. Mean LTEMP Tissue TPAH by Station and Survey - Historical, July 1997, and March 1998.

Mean TPAH concentrations at most of the stations varied greatly both within and between surveys (Tables 12 and 13;
Figure 11). Exceptionswere Stations AMT and GOC, which had similar TPAH concentrations between replicates for both
the July 1997 and March 1998 surveys. Other stations, such as AIB for the March 1998 survey, show relatively large
intra-station variability (i.e., relatively large differences between replicates). Station AlB isareference site and showed a
mean TPAH range of approximately 56 to 194 ppb over the course of the first eight surveys. The last survey (March
1998) showed an elevated mean TPAH concentration of 1,012 ppb, with individual replicates at 1,213.7, 499.0, and
1,323.7 ppb. Part of this elevated TPAH trend appears to be due to lowered MDLs reported for the last three surveys,
however some of the changes such as those seen at Station AIB are too large to be explained by this alone. Some of the
elevated TPAH values seen during the 1997 - 1998 LTEMP were the result of one elevated replicate at each station, and
this considerable within-station variability isreflected by the large error bars depicted on Figure 11 and presented in Table
12.

The PAH fingerprint for Station AIB from the March 1998 survey is presented in Figure 12. The PAH concentrations at
Station AIB have increased substantially over the past six surveys, however the exact source of this contamination is
unknown. The high TPAH seen in the individual replicates from this survey were partially the result of elevated
naphthal enes in the samples with respect to the other analytes. The fact that low molecular weight naphthalenes were still
relatively abundant would indicate a fairly fresh source. It is possible that the source of PAH was from either diesel or
gasoline which may be due to vessel activity in the area; however, the presence of low-level chrysenes would indicate
other sources aswell. The alkyl phenanthrenes were found to be much higher in concentration relative to that of the alkyl
dibenzothiophenes, which would indicate that the source was not from ANS feed stock.
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Figure 12. Mean Tissue PAH Values for LTEMP - March 1998 Survey, Stations AIB-B, AMT-B, DII-B, and SHB-B.

The elevated mean TPAH exhibited at Station AMT after the T/V Eastern Lion spill (ELS) of May 1994 had apparently
subsided, with surveys conducted from July 1995 to July 1996 (Surveys 6 - 8) showing the lowest mean TPAH
concentrations encountered at that station. The Alyeska Ballast Water Treatment Plant (BWTP) spill sampling in January
1997 and the subsequent sampling showed somewhat elevated TPAH levels, although these values were again within the
range of historical values seen at thissite. Asreported elsewhere, statistical comparisons of the BWTP spill sampling with
historical datafrom thissitefailed to show significant differences between sampling times, nor were the fingerprints from
tissues from the BWTP sampling indicative of contamination from the spilled oil (KLI, 1997d). Mean TPAH
concentrations from the last four surveys were similar in concentration and ranged from 530.4 to 582.2 ppb, well within
the range of values historically seen at this site (Table 13 and Figure 11). The PAH fingerprint for March 1998 at Station
AMT is presented in Figure 12. The PAH signature at AM T was consistent with ANS crude as the source. Theratio of
alkyl dibenzothiophenes to alkyl phenanthrenes was slightly less than 1 and alkyl chrysenes were present, which would
indicate that the contamination was not the result of diesel fuel. Naphthalenes and fluorenes were also abundant in the
samples, indicating afairly fresh, unweathered source.

The mean tissue TPAH concentration at Station DIl was 686.9 ppb during March 1998, the second highest value seen at
this site over time (Table 13). Mean TPAH in July 1997 was 291.4 ppb. The tissue PAH fingerprints from Station DI
during the March 1998 indicate hydrocarbons of a petrogenic nature (Figure 12). Ratios of C,-dibenzothiophene/C,-
phenanthrene and C;-dibenzothiophene/Cs-phenanthrene in the tissue sample closely approached those described
for EVOS oil (Bence and Burns, 1995). The C,-chrysene/C,-phenanthreneratio of approximately 0.8 indicatesthat this oil
has undergone some weathering when compared to earlier surveys. Prior surveys found a ratio of about 0.2 which
indicates that the source was relatively fresh and similar to both fresh EVOS oil and Katalla Seep oil (approximately 0.2;

PWS RCAC 1997-1998 LTEMP Monitoring Report - Pub. No. 608.98.1 Page 41



Bence and Burns, 1995). The PAH signature in the tissue sample appeared to be dightly more weathered than seen
previously as evidenced by the relatively higher levels of chrysenes; however, the pattern was till consistent with EVOS
oil as the source.

Mean TPAH values seen at Station GOC were 423.8 and 472.2 ppb for July 1997 and March 1998, respectively. Although
not depicted, the PAH fingerprint at Station GOC during the March 1998 survey was typical of ANS crude with the alkyl
phenanthrenes similar in concentration to that of the alkyl dibenzothiophenes and with lower levels of akyl chrysenes.
Naphthal enes were also abundant indicating afairly fresh, unweathered source. A comparison of PAH fingerprints from
Stations GOC and AMT indicated a very similar pattern at the two stations. These results are similar to that seen during
most of the prior surveys.

Levels of PAH in mussel tissue from Station KNH collected during the 1997 - 1998 LTEMP wererelatively high at 832.7
and 844.1 ppb. The March 1998 samples exhibited the highest mean TPAH seen at this station to date (844.1 ppb), but the
fingerprint from this station exhibits a pattern that is consistent with natural background for PWS. The level of akyl

phenanthrenes as compared to the alkyl dibenzothiophenes indicates that the petroleum is not sourced from ANS crude.
The March 1998 survey yielded aclearer fingerprint with agreater number of reported concentrations for individual PAH

analytes as compared to prior surveys; however, most individual analyte concentrations were still below their respective
MDLs for the survey.

Mean TPAH levels seen during 1997 - 1998 at Station SLB were 795.1 and 509.7 ppb. The PAH fingerprint for March
1998 at this station exhibited a signature that is characteristic of weathered petroleum (Figure 12). The fluorenes,

phenanthrenes, dibenzothiophenes, and chrysenes all have devel oped a 'water -washed profile, wherethe distribution of the
parent (Cy) to the alkyl homologuesis Co<C;<C,<Cs;. Theratio of alkyl dibenzothiophenesto phenanthreneswas nearly 1,
and the degree of weathering indicated that EVOSoil was the likely source since this site had been heavily oiled during the

spill.

In addition to the petrogenic PAH seen at these sites discussed above, small amounts of pyrogenic hydrocarbons consisting
of fluoranthene, pyrene, and an assortment of 5 and 6-ring PAH were also found to be present at most locations. This
pyrogenic material may come from combustion products (i.e., exhaust) or possibly creosote at some locations.

The magjority of fingerprints from the other stations (SHB, SHH, and WIB) during the March 1998 survey indicated a
signature that was consistent with the natural background and seepsin the region. In the July 1997 survey, many of the
mussel tissues show the typical |aboratory procedural artifact pattern where values greater than zero were reported for
each analyte that had alaboratory calibration standard. This artifact is due to the fact that parent analytes with calibration
standards have much lower MDL s than their alkylated homologues, so these parent anaytes are typically reported while
their homologues may not be detected.

In general, low (below MDL) or non-detectable PAH hydrocarbon body burdens were seen in resident mussel populations
at most locations during the July 1997 and March 1998 surveys with a greater percentage of non-detectable PAH
occurring in July 1997. Even with these low concentrations, however, there was an apparent increase in TPAH
concentrations at some locations during July 1997 and March 1998 compared to the long-term average. 1t appeared that
many of the alkylated homologues that were previously non-detectable were found in these samples at estimated
concentrations (i.e., below the MDL). Overall, since many of the measured concentrations were qualified as estimates,
care needs to be taken in drawing any conclusions from data other than those discussed above.
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5.2.2 Percent Lipids

Tissue percent lipid concentrations were similar among stations and among surveys (Tables 12 and 13). Mean
concentrations of lipids in tissues during July 1997 ranged from 3.9 % at Station SHH t0 7.6 % at Station AMT. Mean
lipid concentrationsin March 1998 ranged from 2.3 % at Station DIl to 5.3 % at Station KNH. The apparent general trend
at most sites of higher lipid concentrations during the summer surveys compared to the winter surveys continued for the
recent two surveys (Figure 13; Table 13). These differences are attributed to the reproductive state and maturity of the
mussel populations that were sampled.
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Figure 13. Mean LTEMP Tissue Percent Lipids by Station and Survey - Historical, July 1997, and March 1998.

Although there was some indication of seasonal effects on gonadal devel opment and spawning, there was sufficient scatter
in the datato suggest that the timing of these activitiesis variable among stations and years (Table 13). However, it seems
fairly certain that gonadal development occursin the winter and early spring and that spawning occurs at least once in the
late spring or early summer. Thisissupported by observations by Keiser (1978) of Mytilus edulisin Port Vadez, andisin
contrast with those of Suchanek (1979) for Washington State and other areas (by reference). Although Mytilus goparently
spawns in late winter to early spring in temperate areas, spawning may be retarded in more northern areas due to longer
more intense winters.

5.2.3 Gonadal Index

In general, values of shell volume, gonadal tissue weight, and non-gonadal weights corresponded well (Tables 13 and 14;
Appendix A), indicating that differencesin these raw values were related more to the size of the mussels at a station than to
the relative health or reproductive state of individuals among stations. When the gonadal data were evaluated using ratios
of the gonadal weight to the total weight or to the shell volume, few differences were seen between either stations or
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surveys (Figures 14 and 15). Although there was some variahility, these attributes were generally similar at agiven station
among surveys. This suggeststhat there have been no major population shifts and that minor variations reflect somewhat
patchy distributions of size classes. Mussels were largest overal at Stations AMT, GOC, SHH, and WIB, and smaller at
the remaining stations, particularly Station KNH (Table 14).

Table14. Summary of Mean 1997 - 1998 LTEMP Gonadal Index Results.

Proportional Gonadal
Shell Length Shell Volume Non-Gonadal Gonadal Weight | Gonadal Weight [ Weight/Shell
(mm) (mL) Weight (g) (9) (Ratio) Volume (Ratio)
Station
Survey Survey Survey Survey Survey Survey
Survey 11 Survey 11 Survey 11 Survey 11 Survey 11 Survey 11
10 (7/97)| (3/98) |10(7/97)| (3/98) |10 (7/97)| (3/98) |10(7/97)| (3/98) |10 (7/97)| (3/98) |10 (7/97)| (3/98)
AIB-B 35 A 2.7 24 0.99 0.87 0.24 0.25 0.18 0.23 0.09 011
AMT-B 12 38 49 39 164 095 0.38 018 0.19 0.16 0.08 0.04
DII-B 35 A 28 26 0.98 0.96 0.17 0.32 014 0.25 0.06 012
GOC-B 11 40 4.0 40 156 1.09 034 0.23 0.17 017 0.08 0.06
KNH-B 29 27 14 14 04 048 0.08 0.08 012 015 0.06 0.06
SHB-B A A 25 27 0.83 097 012 0.25 0.12 0.20 0.05 0.10
SHH-B 40 36 39 25 128 094 0.19 014 013 0.102 0.05 0.05
SLB-B 33 3 22 27 0.87 0.88 0.15 0.23 0.15 021 0.08 0.09
WIB-B 37 3 3.7 29 111 120 0.20 0.29 0.15 0.20 0.06 0.10
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Figure 15. Mean LTEMP Gonadal Weight/Shell Volume by Station and Survey - Historical, July 1997, and March 1998.
5.3 Sediment

Subtidal sediments are along-term repository of the residues of petroleum released to the marine environment. Petroleum
in the offshore environment can be altered by natural dispersion, evaporation, dissolution, photo-oxidation, and microbial
degradation. It tends to adhere to particulates and is deposited in sediments. The presence and composition of petroleum
contaminantsin sediment are arecord of the long-term, chronic accumulation of contaminants thus reflecting the potential
for exposure of the resident biota.

Based on these considerations, aliphatic and polycyclic aromatic hydrocarbons were measured in sediments at each
monitoring site except for Station AIB, where shallow sediments have not been sampled by diver dueto the zero visibility
condition of thissite. As part of the study design, three types of sites were sampled: (1) reference sites believed to be
relatively remote from anthropogenic activities (Stations GOC and SHB), (2) sites previoudly identified as EV OS-impacted
(Stations DII, SHH, SLB, and WIB), and (3) sites related to the marine termina operations in Port Vadez and tanker
operations (Stations AMT and KNH).

5.3.1 Polycyclic Aromatic Hydrocarbons

Sediment PAH chemistry results from the July 1997 and March 1998 LTEMP surveys are summarized in Tables 15 and
16. Individua sediment replicate data are provided in Appendix B. Concentrations of various anaytes and indices
calculated from these analyte concentrations varied considerably among stations. The overall mean concentration of TPAH

in subtidal sediments during July 1997 ranged from 10.6 ppb at Station KNH-M to 303.2 ppb at Station AMT-S (Table 16
and Figure 16). Mean TPAH concentrations from March 1998 showed asimilar range at the sediment sites, with Stations
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KNH-M and SLB-M at 10.9 and 282.3 ppb, respectively. The high mean TPAH concentration seen at Station SLB-M
during the March 1998 survey was the result of one high replicate with a concentration of 714.3 ppb (Table 15) as

indicated by the large standard error bars in Figure 16.

Table15. Summary of 1997 - 1998 LTEMP Sediment TPAH and FFPI Results.
TPAH (ppb) FFPI (Ratio)
Station Survey 10 (7/97) Survey 11 (3/98) Survey 10 (7/97) Survey 11 (3/98)
Rep.1 | Rep.2 | Rep.3 | Rep.1 | Rep.2 | Rep.3 | Rep.1 | Rep.2 | Rep.3 | Rep.1 | Rep.2 | Rep.3
AMT-S 2453 3764 2879 119.6 450.8 1435 582 64.1 61.4 64.8 515 59.7
DII-M 376 238 14.7 30.9 205 150 4.7 50.8 61.0 574 67.3 62.3
GOC-S 53.3 544 594 418 475 379 634 57.6 55.2 739 67.2 74.1
KNH-M 108 93 117 105 85 138 64.2 741 714 710 69.0 685
SHB-M 1045 1141 995 61.2 56.7 92.0 66.0 63.2 65.2 65.1 722 74.3
SHH-M 378 74.6 108.7 116.9 104.2 1254 495 40.9 532 61.2 716 64.8
SLB-M 426 4.1 369 50.0 827 714.3 39.6 479 46.3 451 304 279
WIB-M 1221 75 72 484 531 53.0 233 704 614 79.2 785 794
Table16. Mean LTEMP Sediment Results by Station and Survey - 1993 through 1998.
STATION TPAH FFPI TAHC uc™m CPI TOC Sand Silt+Clay
(SURVEY) (ng/g) (ratio) (ng/g) (My/g) (ratio) (%) (%) (%)
AMT-S(3/93) 242.6 60.8 2091 122.2 15 0.77 743 92.60
AMT-S(7/93) 246.0 56.4 2018 120.6 13 0.67 557 94.40
AMT-S(3/94) 202.5 539 1473 93.8 23 058 5.70 94.33
AMT-S(7/94) 2644 57.9 1530 93.2 19 0.65 433 95.66
AMT-S(3/95) 2120 457 1390 98.7 16 0.63 517 94.86
AMT-S (7/95) 880.2 62.9 2275 134.2 12 0.77 493 95.07
AMT-S(3/96) 201.8 57.9 1262 101.8 31 054 293 97.07
AMT-S(7/96) 3025 62.3 1883 108.5 25 0.69 4.37 95.60
AMT-S (3/97) 417.8 63.0 2370 10 23 0.83 7.30 R.77
AMT-S(7/97) 303.2 61.2 1498 89.6 41 059 333 96.67
AMT-S (3/98) 2380 58.7 1251 61.7 38 0.65 257 97.43
DII-M (7/94) 20 4 103 36 72 0.29 94.60 540
DII-M (3/95) 153 634 93 33 45 0.20 98.20 183
DII-M (7/95) 9.6 416 97 0.3 37 0.19 98.13 187
DII-M (3/96) 16.1 483 143 176 28 022 94.60 540
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STATION TPAH FFPI TAHC UCM CPI TOC Sand Silt+Clay
(SURVEY) (ng/g) (ratio) (ng/g) (My/g) (ratio) (%) (%) (%)
DII-M (7/96) 241 734 156 125 36 0.37 9%.67 337
DII-M (3/97) 230 66.4 161 19 22 0.40 96.97 303
DII-M (7/97) 254 55.2 136 42 176 029 98.03 197
DII-M (3/98) 21 62.3 231 200 30 0.27 97.63 2.37
GOC-S (3/93) 47.3 61.0 946 6.2 159 0.70 2063 7943
GOC-S (7/93) 377 585 567 37 121 063 1147 8354
GOC-S (3/94) 706 59.2 879 33 14.1 054 11.20 83.80
GOC-S (7/94) 444 55.4 500 27 188 055 2453 7547
GOC-S (3/95) 406 50.9 438 0.7 185 055 1843 81.57
GOC-S (7/95) 52.1 53.2 597 42 131 0.65 1363 86.40
GOC-S (3/96) 89.1 405 527 14.3 14.7 053 12.00 83.03
GOC-S (7/96) 51.1 61.8 537 131 395 0.55 25.20 74.80
GOC-S (3/97) 441 63.1 499 17 79 0.69 1837 81.67
GOC-S (7/97) 55.7 58.8 618 183 92 062 12.65 87.35
GOC-S (3/98) 424 7.7 331 14 89 055 9.40 90.60
KNH-M (3/95) 6.9 814 30 12.0 176 0.16 97.67 2.36
KNH-M (7/95) 6.8 712 47 0.1 22 0.18 9863 1.40
KNH-M (3/96) 86 835 49 0.0 19 0.15 94.37 563
KNH-M (7/96) 9.0 774 35 0.0 56 0.24 93.33 167
KNH-M (3/97) 6.3 59.7 66 03 32 0.27 97.23 2.77
KNH-M (7/97) 106 69.9 51 1.1 91 021 97.14 286
KNH-M (3/98) 109 69.5 67 5.2 17 023 9893 1.07
SHB-M (7/94) 372 747 167 13 114 0.86 90.03 9.97
SHB-M (3/95) 465 67.7 159 83 8.7 0.7 94.37 5.70
SHB-M (7/95) 56.6 580 254 11 31 0.86 .73 523
SHB-M (3/96) 52.9 75.3 197 6.0 47 0.66 93.60 6.40
SHB-M (7/96) 705 76.0 392 32 27 0.72 89.93 10.13
SHB-M (3/97) 1199 733 685 42 24 152 7043 2953
SHB-M (7/97) 106.0 64.8 587 138 86 1.32 82.84 17.16
SHB-M (3/98) 70.0 706 400 5.0 5.3 0.97 9053 947
SHH-M (3/95) 80.6 59.5 402 23 74 085 84.07 1594
SHH-M (7/95) 484 58.1 251 71 37 033 94.40 5.60
SHH-M (3/96) 61.7 68.2 274 23 38 0.85 9%.27 380
SHH-M (7/96) 60.5 69.3 350 5.3 34 091 83.17 16.83
SHH-M (3/97) 127.8 66.5 351 12 39 1.20 83.73 16.30
SHH-M (7/97) 737 478 251 24 99 056 9398 6.02
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STATION TPAH FFPI TAHC UCM CPI TOC Sand Silt+Clay
(SURVEY) (ng/g) (ratio) (ng/g) (Myg) (ratio) (%) (%) (%)

SHH-M (3/98) 1155 65.9 298 95 46 094 87.23 12.77
SLB-M (7/94) 252.1 439 334 328 24 0.99 8340 11.66
SLB-M (3/95) 664.5 30.7 633 81.0 19 1.33 87.97 12.07
SLB-M (7/95) 537.1 339 1693 1188 20 2.2 88.63 11.37
SL.B-M (3/96) 4273 355 934 121.6 79 134 84.83 15.20
SL.B-M (7/96) 4816 331 1020 742 6.8 145 90.80 9.20
SLB-M (3/97) 109.7 431 218 106 54 0.79 95.27 473
SLB-M (7/97) 41.2 44.6 130 83 6.1 0.70 97.37 263
SLB-M (3/98) 282.3 345 334 264 46 0.69 97.10 297
WIB-M (3/95) 12.8 785 143 0.3 124 051 98.17 1.87
WIB-M (7/95) 75 66.0 232 0.0 82 057 81.73 1823
WIB-M (3/96) 65 819 29 00 6.2 0.2 97.73 230
WIB-M (7/96) 82 630 155 0.1 17.3 0.74 97.50 250
WIB-M (3/97) 382 66.5 160 05 85 0.60 9453 550
WIB-M (7/97) 456 51.7 125 14 71 048 93.03 1.97
WIB-M (3/98) 515 79.0 284 43 80 0.74 95.10 493
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Figure 16. Mean LTEMP Sediment TPAH by Station and Survey - Historical, July 1997, and March 1998.

With the exception of Station SLB-M during the March 1998 survey, TPAH levelsfrom the shallow subtidal stations have
been quite low (< 128 ppb) during al surveys (Table 16 and Figure 16). The TPAH levels at the two deeper sites(AMT-S
and GOC-S) have been much more variable between locations but have been fairly consistent at individual sites through
time. Station AMT -S, however, showed afour-fold increase during July 1995 (Survey 6) from the previousfive surveys.

The last five surveys have shown further variability at this site, with mean TPAH concentrations ranging from 201.8 to
417.8 ppb. July 1997 and March 1998 surveys showed mean TPAH concentrations of 303.2 and 238.0, respectively.

Mean values for FFPI in sediments collected during July 1997 ranged from 44.6 at Station SLB-M to 69.9 at Station KNH-
M (Table 16 and Figure 17). March 1998 values ranged from 34.5 at Station SLB-M to 79.0 at Station WIB-M. Asseen
during prior surveys, the FFPI during the 1997 - 1998 L TEMP surveys was consistently the lowest at Station SLB-M.
Thissite hasthe lowest FFPI ratios asaresult of the heavy weathering (i.e., low naphthal enes and fluorenes) and relatively
high levels of chrysenes and pyrogenic PAH (Figure 18).

Stations DII-M, GOC-S, KNH-M, and WIB-M exhibited low levels of PAH. Concentrations of PAH at Station KNH-M
were very low and for the most part below MDLs, but this station did exhibit a petrogenic fingerprint as evidenced by the
predominance of naphthal enes, fluorenes, and phenanthrenes. Thisisreflected in the high FFPI for al surveys (Table 16
and Figure 17). Mean TPAH concentrations at Station KNH-M for the seven surveys were al less than 11 ppb. These
low concentrations probably reflect low-level long-term input from the Katalla and other seeps in the eastern Gulf of
Alaska. Page et al. (1995) suggests that a portion of the background in both PWS and the Gulf of Alaskais due to these
natural seeps of petroleum which adhere to fine-grained suspended sediment and are transported into the area by westerly
flowing coastal currents. Prior surveys indicated that the deeper more fine-grained sediments at KNH had much higher
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concentrations of PAH that also had the same ‘ background signature’.
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Figure 17. Mean LTEMP Sediment FFPI by Station and Survey - Historical, July 1997, and March 1998.

Concentrations of PAH in sediments were somewhat higher at Station SHB-M with mean TPAH of 106.0 and 70.0 for the
July 1997 and March 1998 surveys, respectively. The PAH fingerprint at Station SHB-M was also indicative of low-level
petrogenic inputs (Figure 18); this was supported by relatively high mean FFPI values of 64.8 and 70.6 for the two
surveys (Table 16 and Figure 17). Most of this PAH appears to be alow-level petrogenic signature in PWS and is not
traceable to ANS crude or the EVOS ail. The ratio of akyl dibenzothiophenes to alkyl phenanthrenes was found to be
relatively low (<0.2), which confirmsthe non-EVOS oil source for these hydrocarbons (refer to Appendix B for individual
analyte concentrations). Page et a. (1995) found the C,-dibenzothiophene/C, -phenanthrene ratio to be 1.08 + 0.14 for
both ANS crude/diesel and EVOS crude oil, and a ratio of 0.15+ 0.02 for PWS background which is consistent with
Katalla and other Gulf of Alaska seeps. Recent work by the Minerals Management Service in Lower Cook Inlet and
Shelikof Strait indicates that in some areas this background signature can be traced to coal deposits as their source (Arthur
D. Little, 1998). They found that the PAH fingerprints were similar, but additional biomarker analyses reveaed differences
between the coal and seep sources.

In addition to petrogenic hydrocarbons, low levels of pyrogenic hydrocarbons which were near the MDLs were also
present at Station SHB-M and consisted of fluoranthene, pyrene, and an assortment of 5- and 6-ring PAH which may be
sourced in combustion products (i.e., exhaust). Low levels of naphthalenes and fluorenes were a so seen at Station SHB-
M whichis characteristic of the unweathered background levels of hydrocarbons that have been seenin PWS including the
deep cores that were taken in conjunction with the LTEMP in 1995 (KLI, 1995b).
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The PAH concentrations at Station GOC-S were at low background levels near the MDLs (Appendix B) during both the
July 1997 and March 1998 surveys, with TPAH concentrations of 55.7 and 42.4 ppb, respectively. The PAH signature
was primarily petrogenic but smaller amounts d pyrogenic hydrocarbons consisting of fluoranthene, pyrene, and an
assortment of 5- and 6-ring PAH were a so seen in the sediments. Biogenic inputswere low as evidenced by the low levels
isconsistent with ANS/EVOS oil (Figure 18). Asdescribed above, theratio of C,-dibenzothiophene/C,-phenanthrenewas
found to be »1.08 for EVOS oil as compared to»0.15 for Katalla Seep oil and background concentrationsin the sediments
of PWS (Pageet a., 1995). These same authors also reported Cs-dibenzothi ophene/Cs-phenanthreneratios of 1.19 + 0.08
for EVOS ail and 0.16 + 0.07 for natural background conditionsin PWS. Therelatively high levels of chrysenes at this
station rule out diesel fuel as the source.

of perylene.

concentrations at Station AMT-S were 303.2 ppb during July 1997 and 238.0 ppb during March 1998. These
concentrations were clearly higher than al other sites except the March 1998 survey for SLB-M. The C,-
dibenzothiophene/C,-phenanthrene and Cs-dibenzothi ophene/C;-phenanthrene ratios for Station AMT -Swerenear 1 which

Sediments at Station AMT -S exhibited a PAH fingerprint typical of petroleum along with low levels of 5- and 6-ring PAH
suggesting an input of pyrogenic hydrocarbons that have a combustion or creosote origin (Figure 18). Mean TPAH

weathering, the ratio increases since the alkyl phenanthrenes are degraded more quickly than the alkyl chrysenes. At
Station AMT-S, this ratio was ~1 for the two recent surveys (Figure 18 and Appendix B). Thisratio was found to be

Figure 18. Mean Sediment PAH Values for LTEMP - July 1997 and March 1998 Surveys, Stations AMT-S, SHB-M, SHH-M, and SLB-M.
The average ratio of G-chrysene to G-phenanthrene can be used as a indication of the degree of weathering. With
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around 0.2 for EVOS crude oil just after the spill in 1989 and had increased to 0.5 in 1991 (Bence and Burns, 1995). The
C,-chrysene/C,-phenanthrene ratio at Station AMT-S indicates that if the source was ANS crude, the oil had weathered
substantially and was probably the result of low input from the Alyeska Marine Terminal and tanker activity over aperiod
of years. If the source had been diesdl fuel, this ratio would have been very small since the high molecular weight
chrysenes are not found in diesel fuel.

Sites previously identified as EVOS-impacted contained hydrocarbon concentrations that were similar in value to those
seen at the reference sites, however source identification from the PAH fingerprints was often different. Polycyclic
aromatic hydrocarbon concentrations at these EVOS siteslocated at Stations DII-M, SHH-M, SLB-M, and WIB-M varied
somewhat between locations but were usually fairly consistent between surveys (Tables 15 and 16; Figure 16). An
exception was Station SLB-M which had a substantially higher mean TPAH concentration of 282.3 ppb for the March
1998 survey compared to 41.2 ppb for the July 1997 survey. This high concentration at SLB-M was the result of one
replicate that had a TPAH concentration of 714.3 (Table 15). Even with this high concentration, however, themean TPAH
concentration for the March 1998 survey was still lower than four of the seven prior surveys (Table 16).

Hydrocarbon PAH fingerprints from Stations SLB-M were primarily made up of pyrogenic hydrocarbons with lesser
amounts from petrogenic sources (Figure 18); this was supported by the fact that this station had the lowest FFPI ratios
of any location (refer to Table 16 and Figure 18). The PAH fingerprint was dominated by concentrations of fluoranthene,
pyrene, and 5- and 6-ring PAH which are indicative of pyrogenic inputs. Also, pyrogenic PAH are characterized by high
concentrations of the parent compounds compared to their akyl homologues, where a typical pattern is decreasing
concentrations with molecular weight within a series (i.e., Co>C,;>C,>C3>C,). This characteristic pyrogenic pattern can
be seen in the phenanthrene and chrysene series at this station. The C,- and Cs-dibenzothiophene-phenanthrene ratios
suggest that the petrogenic hydrocarbons at these two stations are predominantly of abackground or Katalla-likeoriginand
are similar to hydrocarbons at the reference sites with lesser amounts of residual EVOS ail input (Figure 18).

Hydrocarbon concentrations at Station WIB-M were found to be very low with mean TPAH concentrations of 45.6 and
51.5 ppb for the last two surveys (Table 16 and Figure 16). Hydrocarbon concentrations at WIB-M were either very low
or below MDL for most analytes. The fingerprints from the two surveys were very different. The July 1997 survey
consisted of pyrogenic PAH whereas the March 1998 survey was primarily petrogenic with afairly large biogenic input as
indicated by the perylene levels (refer to Appendix B). Petrogenic inputs from Katalla-like sources are indicated by the
ratios of the dkylated dibenzothiophenes to phenanthrenes.

Concentrations of mean TPAH at Station SHH-M were 73.7 and 115.5 ppb for the July 1997 and March 1998 surveys,
respectively (Table 16 and Figure 16). An examination of the fingerprints at SHH-M indicated that the PAH in the shallow
sediments were dominated by petrogenic PAH with lesser amounts of fluoranthene, pyrene, and 5 and 6-ring PAH
indicative of pyrogenic inputs (Figure 18). These pyrogenic inputs were found to be greater during the July 1997 survey
as compared to the March 1998 survey (refer to Appendix B). Biogenic inputswerelow as evidenced by therelatively low
levels of perylene. The petrogenic signa was characteristic of Katalla, Cook Inlet crude oil, or coa signatures as
evidenced by the ratio of dibenzothiophenes to phenanthrenes and the presence of unweathered |lower molecular weight
naphthalenes and fluorenes.

Sediment PAH levels from the Disk Island shalow subtidal station (DII-M) were found to be very low. Mean
concentrations of TPAH at DII-M were found to be 25.4 and 22.1 ppb for the two 1997 - 1998 surveys (Table 16 and
Figure 16). The PAH fingerprint from Station DII-M was primarily petrogenic with smaller amounts of fluoranthene,
pyrene, and 5- and 6-ring pyrogenic PAH (refer to Appendix B). The C, and Cs-dibenzothiophene/phenanthreneratiosfall
between EVOS oil and Katalla sources which would indicate acombination of thetwo inputs. Prior surveysindicated that
the beach at Disk Island still contained pockets of relatively unweathered EVOS ail (KLI, 1996aand 1997a). |t appeared
from the beach samples that were collected during these surveys that Disk Island still had some pockets of relatively
unweathered EVOS oil that was being transported into the subtidal region by wave and current activity.

PWS RCAC 1997-1998 LTEMP Monitoring Report - Pub. No. 608.98.1 Page 53



5.3.2 Aliphatic Hydrocarbons

Aliphatic hydrocarbons that were measured for the LTEMP consisted of the series of odd and even chain n-alkanes (n-Cy
to n-Cz,4) plus pristane and phytane. Concentrations of theseindividua aliphatic hydrocarbons by station and replicate are
presented in Appendix B. The TAHC consists of the sum of the individual analytes and is summarized by station and
replicate in Table 17. The overall mean concentrations of TAHC in sediments varied greatly among sites but was fairly
consistent within asite over time (Table 16 and Figure 19). During July 1997, mean TAHC concentrations ranged from 51
ppb a Station KNH-M to 1498 ppb a Station AMT-S. Mean TAHC during March 1998 ranged from 67 ppb at Station
KNH-M to 1251 ppb at Station AMT-S. The highest TAHC concentrations seen during each survey have been at Station
AMT-Ssincethe beginning of the LTEMP programin 1993. A relatively high mean TAHC concentration of 1693 ppbwas
also seen at Station SLB-M during July 1995 (Table 16).

Tablel7. Summary of 1997 - 1998 LTEMP Sediment TAHC, UCM, and CPI Results.
Survey 10 (7/97) Survey 11 (3/98)
Station Rep. 1 Rep. 2 Rep. 3 Rep. 1 Rep. 2 Rep. 3
TAHC (ng/g or ppb)
AMT-S 1124 1477 1892 1111.6 1668.4 972.4
DII-M 108 154 146 303.5 225.0 165.2
GOC-S 514 788 552 341.1 300.9 352.2
KNH-M 36 53 64 104.0 48.2 48.1
SHB-M 603 584 573 435.6 375.3 388.8
SHH-M 134 171 447 282.1 319 292.5
SLB-M 157 110 122 390.3 273.7 489.0
WIB-M 74 87 213 312.9 225.1 314.9
UCM (ug/g or ppm)
AMT-S 78.9 90.6 99.4 55.1 77.8 52.1
DII-M 4.2 5.2 3.1 34.4 16.1 9.5
GOC-S 27.0 15.6 12.2 1.5 1.7 1.0
KNH-M 16.4 10.1 6.9 8.8 4.3 25
SHB-M 15.1 13.9 125 6.3 6.2 2.5
SHH-M 0.6 0.7 5.9 16.2 3.5 8.8
SLB-M 8.8 8.0 8.0 28.8 19.3 311
WIB-M 1.5 19 0.7 55 3.7 3.7
CPI (Ratio)

AMT-S 3.4 3.4 5.4 3.6 3.6 4.0
DII-M 9.1 18.9 24.9 2.8 3.0 3.1
GOC-S 10.9 6.4 10.2 11.0 8.1 7.5
KNH-M 2.7 7.1 17.5 1.5 1.7 2.0
SHB-M 8.0 9.5 8.1 5.1 7.1 3.6
SHH-M 11.8 6.1 11.7 4.0 5.8 3.9

PWS RCAC 1997-1998 LTEMP Monitoring Report - Pub. No. 608.98.1

Page 54



SLB-M 7.4 6.1 4.8 3.7 3.6 6.5
WIB-M 8.1 10.2 2.9 11.7 53 7.1

2400

2000 X

1600 -

Error Bars Indicate One Standard Error of the Mean KINNETIC ~
@ INCORPORATED

1200 A

TAHC (ppb dry wt.)

800

400

1993-97
Jul-97
Mar-98
Jul-97
Mar-98
Jul-97
Mar-98
1995-97 [H
Jul-97
Mar-98
Jul-97
Mar-98
Jul-97
Mar-98
Jul-97
Mar-98
Jul-97
Mar-98

N~
[s2]
~
D
[}
=l

-S DII-M GOC-8 KNH-M SHB-M SHH-M SLB-M

I~ I~ ™~ [ I~
o [ [ [+ o
@ < [T} < ITs)
o o) o)} D )
& & & & &
- - - - -

Al

=
P
=
Ve
=

Figure 19. Mean LTEMP Sediment TAHC by Station and Survey - Historical, July 1997, and March 1998.

The CPI represents the ratio of the relative amounts of odd and even alkanes within a specific boiling range (n-Cyg to n-
Cz0). High CPI values are characteristic of biogenic inputs from terrestrial sources such as plants, whereas low CPI
values are the result of equally abundant even and odd alkanes that are characteristic of petrogenic inputs. For the
LTEMP, the CPI varied substantially between sites but was fairly consistent at individual sites between surveyswith few
exceptions (Tables 16 and 17; Figure 20). Mean values of CPI in sediments during the 1997 - 1998 L TEMP ranged from
1.7 at Station KNH-M in March 1998 to 17.6 at Station DII-M in July 1997. The most noticeable differencein CPl at a
site occurred at Station DII1-M which showed a value of 3.0 during March 1998 versus 17.6 during July 1997. Station
KNH-M also showed fairly large variability between the July 1997 and March 1998 surveys at 9.1 and 1.7, respectively.
High CPI values at other stations (GOC-S, SHB-M, SHH-M (July 1997), and WIB-M) were the result of high terrestrial
inputs from runoff or, in the case of Station WIB-M, potential inputs from logging operations. Low CPI values were seen
at stations that had petrogenic inputs from natural seeps, Alyeska Marine Termina operations, or EVOS oil, such as
Stations AMT-S, DII-M (March 1998), SHH-M (March 1998), and SLB-M.

The UCM fraction in sediments varied considerably among stations and between surveys (Tables 16 and 17; Figure 21).
Mean valuesfor the July 1997 and March 1998 surveys ranged from approximately 1.4 ppm at Stations GOC-S and WIB-
M to 89.6 ppm at Station AMT-S. In general, concentrations of UCM have historically been higher at StationsAMT -Sand
SLB-M than at any of the other stations.
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Individual aliphatic hydrocarbon concentrations were in general above their MDLs for each sample, however, there still
were a large number of estimated concentrations (Appendix B). The highest AHC concentrations were seen at Station
AMT-S during both the July 1997 and March 1998 LTEMP surveys. The AHC fingerprint at Station AMT-S was
characterized by hydrocarbonsthat were highly biodegraded and predominantly consisted of long-chain (n-C,s) dkanesor
higher (Figure 22). The distribution of even and odd alkanes were similar, which isindicative of petrogenic inputs. Also,
the sediments at the Station AMT -Sexhibited arelatively large UCM of hydrocarbonswhen compared to other stations. A
large UCM relativeto TAHC isgenerally afeature of weathered petroleum. This petrogenic hydrocarbon input and the fact
that the samples showed a high degree of weathering was confirmed by the PAH analysis discussed earlier.

The AHC fingerprint at Station GOC-S had an odd carbon dominance in the n-C,; to n-Cs; range of normal alkanes which
isreflective of abiogenic origin for the hydrocarbons (Figure 22). The CPI at this site was one of the highest measured,
indicating predominately terrestrial biogenic input. The addition of petroleum to the marine environment in general lowers
the CPI ratio, therefore sites with low CPI reflect petrogenic hydrocarbon inputs. Also, the UCM at Station GOC-S has
historically been very low with the highest mean concentration being 18.3 ppm. The low UCM and high CPI at Station
GOC-Srelativeto Station AMT -S helps substantiate the fact that the source of relatively high AHC levels at Station GOC-S
was biogenic rather than petrogenic. Runoff from the rivers in this area may contribute to this biogenic source.

A fingerprint of AHC for March 1998 at Station SLB-M, an EVOS-impacted station, is also presented in Figure 22. The
similar distribution of odd-to-even alkanes illustrated by the low CPI is indicative of a petroleum source. The relatively
large number of short chain (low alkanes) compared to long chain (high akanes) at Station SLB-M indicate that the
petroleum source was not heavily weathered. Also, theratios of pristane to n-C;7 and phytane to n-Cyg, both indicators of
biodegradation, were relatively low compared to other locations, which would indicate a low degree of weathering. In
unweathered petroleum, n-Cy; is relatively abundant compared to pristane, and n-C 15 isrelatively abundant compared to
phytane. Biodegradation causes an increase in these ratios due to the selective depletion of straight chain and single
methyl-branched (n-alkanes) relative to highly-branched aliphatic hydrocarbons (i.e., isoprenoids- pristane and phytane).
Unweathered EVOS oil has apristane/n-C;- ratio of lessthan 1 (refer to Appendix C for EVOS reference oil data). For the
phytane/Cyg ratio, unweathered EVOS ail is approximately 0.5. A comparison of these ratios as seen in the AHC
fingerprints indicate that the hydrocarbons in the subtidal sediment at Station SLB-M were relatively unweathered
compared to those sampled at Station AMT-S. A similar pattern to that seen at SLB-M was also evident at DII-M for
March 1998 (refer to Appendix B).
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Figure 20. Mean L. TEMP Sediment CPI by Station and Survey - Historical, July 1997, and March 1998.
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Figure 22. Mean Sediment AHC Values for LTEMP - July 1997 and March 1998 Surveys, Stations AMT-S, GOC-S, SHB-M, and SLB-M.
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Other sites previoudly identified as EV OS-impacted contained aliphatic hydrocarbon concentrations that were actually less
than those seen at the reference sites. Concentrations of TAHC were similar at al of these locations between surveys.
Most of these sites exhibited a UCM indicative of biodegraded oil and generally had similar CPIs compared to the reference
locations. However, the source of these petrogenic inputs could not be determined from the aliphatic signature and could
be either anthropogenic or due to natural seepsin the area. As noted in a specia supplemental study conducted by the
RCAC, AHC measured in deep sediments within PWS in 1995 were found to have CPIs of less than 2 and exhibited a
hydrocarbon signature that was attributed to natural background hydrocarbon inputs (KLI, 1995b).

The AHC signature from Station SHB-M indicates a combination of sources. The relatively large number of short chain
(low akanes) compared to long chain (high alkanes) when compared to other |ocations would indicate a petroleum source
that was not heavily weathered. Also, the relatively low CPIs indicates a combination of biogenic and petrogenic inputs.
The overall TAHC leve is somewhat higher than most of the other stations. Also, the ratios of pristane to n-C;; and
phytane to nCyg, both indicaors of biodegradation, were relatively low which would indicate recent inputs with alow
degree of weathering.

Sediment collected at Station WIB-M exhibited similar biogenic patterns to that seen at Station GOC-S with no noticeable
petrogenic hydrocarbons in the AHC signature. The low UCM and high CPI ratios at these stations indicates biogenic
inputs as the main source of AHC (Table 16). Hydrocarbonsin the sediments inshore of the tanker anchorage (KNH-M)
were very low and primarily of abiologica origin with no petroleum hydrocarbon input exhibited during the July 1997 or
March 1998 surveys.
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5.3.3 Total Organic Carbon

Concentrations of TOC in sediments were variable among stations but fairly consistent within stations (Tables 16 and 18;
Figure 23; Appendix B). Mean TOC concentrations July 1997 ranged from 0.21 % at Station KNH-M to 1.32 % at
Station SHB-M. March 1998 mean concentrations ranged from 0.23 to 0.97 %, with the low and high values at the same
two stationsasin July 1997. In general, mean TOC concentrations have been fairly consistent within alocation over time
(Table 16).

Table18. Summary of 1997 - 1998 LTEMP Sediment TOC and Silt Plus Clay Results.

TOC (%) Silt + Clay (%)

Station Survey 10 (7/97) Survey 11 (3/98) Survey 10 (7/97) Survey 11 (3/98)

Rep.1 | Rep.2 | Rep.3 | Rep.1 | Rep.2 | Rep.3 | Rep.1 | Rep.2 | Rep.3 | Rep.1 | Rep.2 | Rep. 3

AMT-S 051 0.66 0.61 0.65 0.72 058 97.1 97.1 95.9 96.9 97.3 98.1

DII-M 0.27 0.30 031 0.29 0.30 0.23 12 25 22 19 27 25

GOC-S 0.60 0.61 0.64 059 0.56 049 89.8 88.7 835 915 86.4 939

KNH-M 022 0.20 022 0.27 021 0.20 35 20 31 13 16 03

SHB-M 141 128 126 097 0.99 0.94 123 20.6 185 117 102 6.5

SHH-M 032 0.32 103 0.78 0.88 116 40 42 9.9 133 132 118

SLB-M 0.72 0.79 0.58 0.69 0.62 0.75 29 24 26 31 22 36

WIB-M 043 0.46 054 0.67 0.74 0.81 15 14 31 2.7 6.1 6.0
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Figure 23. Mean LTEMP Sediment TOC Composition by Station and Survey - Historical, July 1997, and March 1998.

5.3.4 Particle Grain Size

The percentage of silt and clay in samples varied considerably among stations, but were comparatively similar at a given
station through time (Tables 16 and 18; Figure 24). Individual replicate dataare provided in Appendix B. Over al stations,
sediment texture ranged from mostly sand to very fine silt and clay. No gravel has been reported at any of the LTEMP
stationsto date. The proportion of mean silt plusclay grain size fraction in July 1997 varied from 1.97 % at Stations DI |-
M and WIB-M to 96.67 % at Station AMT-S. March 1998 values ranged from 1.07 % at Station KNH-M to0 97.43 % at
Station AMT-S. The two deep stations, AMT-Sand GOC-S, clearly showed the finest sediments when compared to the
shallow subtidal locations (Table 16 and Figure 24). As expected, shallow subtidal stations were typically more coarse-
grained than the deeper stations due to wave and current activity.
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Figure 24, Mean LTEMP Silt+Clay Composition by Station and Survey - Historical, July 1997, and March 1998.

5.4  Quality Control Results

Quality control results are provided in Appendix C and briefly summarized in this section. The reader is referred to the
appropriate appendix to review individual sample and QC sample results, including al data qualifiers. Asdescribed above,
any data that did not meet QC criteria were qualified using the codes provided in Table 9. A review of the QC data
reported during the 1997 - 1998 LTEMP indicates less than one percent of the data values required a qualifier code to
indicate a matrix interference ("M"), analytes present in the procedura blank ("B"), and/or results failing the quality
acceptance criteria for other reasons ("Q").

5.4.1 Equipment and Field Blanks

Two equipment blanks and one field blank were collected during the 1997 - 1998 LTEMP. Each of the equipment and
field blanks showed very low levels of PAH and AHC, and UCM vaueswere below MDL. Most of theindividual anaytes
fell below MDLs and were qualified with the "J' qualifier.

5.4.2 Surrogate Compounds

Review of surrogate recoveries reported for LTEMP sample analysesindicated that the majority met acceptance criteria of
recoveries of 40 to 120 percent. Those that failed to meet acceptance criteriawere appropriately qualified. The surrogate
perylene-d;, was low (less than 40 percent) for afew samples. Asreported in the past, thisistypical for this surrogate,
which is now considered an advisory surrogate that is only used to calculate the concentration of perylene. This low
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recovery is not problematic for LTEMP because peryleneis a biogenic hydrocarbon that has not been included in TPAH
values for this program. Other surrogates that were qualified because they exhibited high recoveries (greater than 120
percent), including deuterated nCs, (four samples), deuterated nC,, (one sample), naphthalene-dg (one sample), and
acenaphthene-d;o (two samples).

5.4.3 Procedural Blanks

With few exceptions, procedural blanks contained negligible concentrations of PAH and AHC analytes and carbon (for
TOC) at levels less than the acceptance criteria (less than three times the MDL). Many of these concentrations were
qualified as ND or below the MDL ("J"), and many of these samples also exhibited the laboratory artifact pattern. As
described above, this artifact is due to parent analytes with calibration standards having much lower MDLs than their
alkylated homologues, so these parent analytes are typically reported while their homologues may not be detected.

Procedural blanks analyzed in conjunction with tissue analyses for the 1997 - 1998 L TEMP did not show PAH analytes at
concentrations greater than three times the MDL. One of the procedura blanks (Q15388) analyzed in conjunction with
July 1997 sediment samples (batch M 2660) showed one analyte at alevel above thislimit: benzo(g,h,i)peryleneat 0.7 ng/g
ascompared to an MDL of 0.2 ng/g. Benzo(g,h,i)perylene vaueswere qualified witha“B” in the blank and in samplesand
QC samples in this batch with concentrations of less than 10 times the MDL. No further action was taken. Other
procedural blanks analyzed for PAH and AHC in conjunction with sediments showed no analytes at greater than threetimes
the MDL. One procedura blank (Q15378) analyzed in conjunction with July 1997 field-collected water blank samples
showed n-C,; at levels above the limit (132 ng/L compared to an MDL of 15 ng/L); this analyte was aso qualified with a
“B” in the blank. Since the concentration of this analytein the one samplein this batch (PWS97PABO003) was above 10
times the MDL, no qualifier code was necessary. No other analytes in these procedural blanks were documented at
concentrations greater than three times the MDL.

5.4.4 Matrix Spike/Matrix Spike Duplicates

Analyses of the 1997 - 1998 L TEMP samples included the analysis of matrix spike/matrix spike duplicate pairs for PAH
and/or AHC. While some individual analytes showed high percent recoveries and were qualified with a“Q”, most samples
passed the QA criteriafor average percent recovery and RPD. All matrix spike/matrix spike duplicate analysesfor PAH in
tissue passed the QA criteria for average percent recovery and RPD. One matrix spike duplicate of sample
PWS98PATO0016 (Survey 11 sediment, batch M2753) showed an average percent recovery of 141.1, exceeding the QC
criteria of 120. After further investigation, it was determined that there was non-homogeneity in the sample matrix and
that the alkylated phenanthrenes and chrysenes in the matrix spike duplicate sample were elevated. Data for this sample
were qualified with a “Q”; no further action was taken. All matrix spike/matrix spike duplicate samples analyzed in
conjunction with other sediment batches for PAH and AHC passed the QA criteriafor average percent recovery and RPD.
Blank spike and blank spike duplicate analyses performed in conjunction with the fiel d-collected equipment and field blanks
also fell within acceptable limits.

5.4.5 Reference Qil

Reference oil samples of EVOS oil were reported for PAH and AHC during the 1997 - 1998 LTEMP. Analysis of these
samples was performed in conjunction with each hydrocarbon sample batch regardless of matrix. Most reference ail
samples passed the laboratory requirements. Two of the references oil samples showed elevated levels of one or two
individual analytes in each sample (n-C;3, C,-naphthalenes, and dibenzothiophene), and one sampl e showed much lower
levels of one analyte (phytane) than expected. All analytes showing values outside the acceptable limits were investigated,
and each data point was appropriately qualified with the “Q” qualifier. Overall, QA criteriaweremet for all reference ail
samples analyzed for the 1997 - 1998 LTEMP.

5.4.6 Standard Reference Materials

Standard Reference Materials (NIST 1974a [tissue] or 1941a [sediment]) were analyzed with each batch of samples to
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provide an estimate of accuracy. Resultsfor PAH were compared with certified values to determine percent difference.
Although high recoveries were noted in some instances, no interferences were noted by the analysts. Analytes exhibiting
these high recoveries were properly qualified with a*“Q”; no further action was required.

The AHC data reported for these samples (i.e., Survey 10 sediments) are incidental as no certified values exist for these
samples. Also, reported PAH analytes having no certified values (e.g., biphenyl) were compared to laboratory acceptance
limits and a so appropriately qualified, although no certified SRM values exi<t.

5.4.7 Duplicate Analyses

Duplicate analyses performed for TOC met the acceptance criteria of RPD between duplicates of 20 for low carbon
content samples (<1.0 percent) and £10 for high carbon samples (>1.0 percent).

No strict acceptance criteria exist for PGS duplicates. Instead, duplicate analyses are intended to provide an estimate of
the homogeneity of the samples. The duplicate analysis performed for samples PWS97PGS0047 (silt) and
PWS98PGS0012 and PWS98PGS0024 (clay) showed high RPDs exceeding 25. However, the silt and clay concentrations
for these samples were each less than 1 percent; no further action was required.

In addition, duplicate analyses were performed for both tissue and sediment PAH and AHC. These duplicate analyses can
be compared with the original sample results to provide an estimate of precision, but specific QC criteriado not exist for
duplicate samples.
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6.0 SUMMARY

The 1997 - 1998 LTEMP has added additiona data to the baseline information that has been collected since 1993. During
the program year reported here (1997 - 1998), nine stations were sampled for intertidal mussels. In addition, six shallow
subtidal sediment stations were sampled along with the two deeper subtidal sediment stations.

The LTEMP data indicate that hydrocarbons in tissues and sediments in the study area vary between stations, and, to a
lesser extent, over time. Hydrocarbon levels in tissues were generally low, although they were higher than those seen
during past surveys at some sites. Levels in sediments were more variable, with some stations exhibiting background
levels and others showing anthropogenic influences.

Hydrocarbons in PWS can have a multitude of origins, including both natural and anthropogenic sources, such as those
from the EVOS or Alyeska Marine Termina-related activity, biological activity, combustion sources, vessd activities,
natural oil seepage, coa deposits, and atmospheric fallout. Examination of hydrocarbon data for both tissues and
sediments indicated that hydrocarbons from avariety of these sourcescan beidentified in the 1997 - 1998 data. For many
stations, these sources are the same that have been identified in earlier program reports (KLI, 1993b; 1994a; 1995a; 19962;
and 1997a) and by other researchers examining LTEMP data (Payne et al., 1998).

Mussel tissue from Stations AMT, DII, GOC, and SLB exhibited a strong petrogenic hydrocarbon signal, particularly
during March 1998. A larger proportion of individual analytes at levels above the detection limit were seen in March 1998
samples as compared to earlier surveys, resulting in clearer PAH fingerprints. Asin the past, hydrocarbonsin March 1998
tissue samples at Stations AMT and GOC were attributed to ANS crude, with the most likely source identified as the
Alyeska Marine Terminal and tanker operations. Residues of EVOS oil wereidentified in tissues at Stations DIl and SLB,
two of the LTEMP sites known to have been heavily impacted during the EVOS. Station WIB, aso heavily impacted by
the EVOS, showed PAH fingerprints that were not attributable to ANS/EVOS but more closely resembled background
sources. During March 1998, a clear petrogenic fingerprint seen at Stations AlB, KNH, SHB, and SHH was ascribed to
natural background sources. Station AlB tissues may have been contaminated with f uel which accounted for the relatively
high levels of PAH seen at this site (compared to historical data). Lesser pyrogenic inputs were also noted at many of
these stations, particularly Stations AMT, GOC, and SLB.

Sediment results aso indicated a number of probable sources of petroleum hydrocarbons. Sediments collected at the
deeper subtidal stations (AMT-S and GOC-S) showed petrogenic as well as pyrogenic inputs. Sediments at the Alyeska
Marine Terminal (AMT -S) continued to show clear ANS crude contamination. Hydrocarbons seen at thislocation arethe
result of long-term (chronic) inputs, as shown by the PAH and AHC weathering ratios and the high UCM levels seen at this
site. The petrogenic and pyrogenic PAH seen at Station GOC were not attributed to ANS. Sediments at the shallow Disk
Island site (Station DI1-M) also showed petroleum hydrocarbons with a probable combination of EVOS oil and background
sources. Fingerprints in the sediments differ from those seen in tissue at this site; tissues here have typically shown
ANS/EVOS patterns.

Sediments at Station SLB-M also showed a mixture of petrogenic and pyrogenic hydrocarbons. The PAH fingerprints
indicate that the hydrocarbons are largely of apyrogenic nature, with lesser amounts of possible AN SEVOS oil and seep-
derived background hydrocarbons. Two additional EVOS-impacted sites, Stations SHH-M and WIB-M, showed a
combination of sources. Petrogenic hydrocarbons were attributed to seep-derived background and EVOS cil. Both of
these stations showed a substantial pyrogenic component. Station WIB-M also showed alarge amount of biogenic input
which may be due in part to logging activities.

Hydrocarbons found in sediments at Stations KNH-M and SHB-M were ascribed to natural background. Some evidenceof
pyrogenic inputs were also seen at these stations.
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GLOSSARY and LIST OF ACRONYMS

A

AlIB - Aidik Bay

AHC - diphatic hydrocarbons

Aliphatic hydrocarbons (AHC) - Fully saturated normal alkanes (paraffins) and branched alkanes, nCyg to nCsy;

includes the isoprenoid compounds pristane (C;) and phytane (Cy) that are oftenthe most abundant isoprenoidsin
petroleum hydrocarbons

AMT - Alyeska Marine Termina
ANS - Alaska North Slope (refers to origin of petroleum products)
Anthropogenic - Resulting from the influence of human activities. (Refers to hydrocarbon input.)

B

Biogenic - Synthesized by plants and animals, including microbiota. (Refers to hydrocarbon input.)
BWTP - Balast Water Treatment Plant at Alyeska Marine Terminal

C
Carbon preference index (CPI) - The carbon preference index represents the relative amounts of odd and even chain
alkanes within a specific boiling range and is defined as follows:
CPI = 2(Cy7 + Cpo )/(Ce + 2Cyg + Cao)
Odd and even numbered rralkanes are equally abundant in petroleum but have an odd numbered preference in
biological materiad. A CPI close to 1 is an indication of petroleum and higher values indicate biogenic input
(Farrington and Tripp, 1977).

COC - Chain of Custody
CPI - see carbon preference index

D
DI - De-ionized water

Diagenic - Resulting from alteration by microbial or chemical processes. (Refers to hydrocarbon input.)
DIl - Disk Idand

E
ELS - T/V Eastern Lion spill (May 1994)

Electron-impacted ionization mode - An ionization method that utilizes electrons to impact the analyte mixture to
facilitate ionization.
EVOS - Exxon Valdez ail spill

F

FFPI - fossil fuel pollution index

Fossil fuel pollution index (FFPI) - The fossil fuel pollution index is the ratio of fossil-derived PAH to total PAH as
follows:

FFPI = (N + F + P+ D)/TPAH x 100, where:

N (Naphthalene series) = Co-N + C;-N + C,-N + C3-N + C4-N

F (Huorene series) = CGy-F + Ci-F + C-F + C5-F

P (Phenanthrene/Anthracene series) = Co-A +Co-P + C,-P + C,-P + C5-P + C4-P
D (Dibenzothiophene series) = Cy-D + C;-D + C,-D + G3-D

An FFPI is near 100 for petrogenic PAH; FFPI for pyrogenic PAH is near O (Boehm and Farrington, 1984).
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G

Gas chromatography with flame ionization detection (GC/FID) - The process in which the components of amixture
are separated from one another according to their ionization time when heated.

Gas chromatography with mass spectrometry detection (GC/MS) - The process in which the components of a
mixture are separated from one another according to their mass.

GC/FID - gas chromatography with flame ionization detection

GC/MS - gas chromatography with mass spectrometry detection

GERG - Geochemica and Environmental Research Group of Texas A&M University

Gl - gonada index

GOC - Gold Creek

Gonadal index (Gl) - Measure of shell volume, shell length, volume and weight of gonadal and non-gonadal tissue.

GPS - Global Positioning System. Satellite based navigation system.

H

High-performanceliquid chromatography (HPL C) - An analytical method based on separation of the components of a
mixture in solution by selective adsorption.

Homogeneous - Uniform in structure or composition.

HPLC - high performance liquid chromatography

Indigenous - Native or naturally occurring.

K

KLI - Kinnetic Laboratories, Inc.
KNH - Knowles Head

L

LTEMP - Long-Term Environmental Monitoring Program

LLD - Lower Limit of Detection

Lower Limit of Detection - adetection limit, generaly lower than the MDL, which is considered a typically achievable
detection limit based on the sample set being analyzed.

M

M acrofauna - Non-microscopic animals

Macroflora - Non-microscopic plants

MDL - method detection limit

Mean Lower Low Water (MLLW) - The average height of the daily lower low waters occurring over a 19 year period.
Method detection limit (MDL) - The lowest concentration of an analyte that a method can reliably detect.

MLLW - Mean Lower Low Water

MS - Mass spectrometer

Mytilus edulis - blue mussdl (believed now to be found only outside of Alaska)

Mytilus trossulus - blue mussel (Alaskan species)

N

ND - Not detected

NIST - National Institute of Standards Technology

NOAA - National Oceanic and Atmospheric Administration
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P

PAH - polycyclic aromatic hydrocarbons

Particle grain size (PGS) - Percent sand, silt, and clay.

PCBs - Polychlorinated biphenyls

Per cent lipid - Concentration of lipid asafraction of thetotal tissueweight. Lipid material in mussel tissueisthe primary
storage area for hydrocarbons; gametes are mostly comprised of lipids.

Petrogenic - Resulting from natural geologic processes which originally form petrochemicals. (Refers to petroleum
hydrocarbon input)

PGS - particle grain size

Polycyclic aromatic hydrocarbons (PAH) - 2 to 6ring polycyclic aromatic hydrocarbon compounds; includes
homol ogous series of aromatic hydrocarbons consisting of unsubstituted (parent) compounds, such as naphthaene,
and substituted compounds, which are similar structures with alkyl side chains that replace hydrogen ions, such as
C:-naphthalene.

ppb - parts-per-billion or ng/g

ppm - parts-per-million or pg/g

PWS - Prince William Sound

Pyrogenic - Resulting from the activity of fire or very high temperature. (Refers to hydrocarbon input from high
temperature, incomplete combustion of fossil fuels, or creosote.)

Q

QA - quality assurance

QC - quality control

Qualifier code - Character used to qualify data based on method detection limits, matrix interference, or other
performance parameter.

R
RCAC - Prince William Sound Regional Citizens Advisory Council
RPD - Relative percent difference

S

Selected ion monitoring (SIM) - A gas chromatograph operating mode in which the detection range islimited to include
only the masses of the desired analytes.

SHB - Sheep Bay

SHH - Shuyak Harbor

SIM - selected ion monitoring

SLB - Sleepy Bay

SOP - Standard operating procedure

Soxhlet extractor - A laboratory apparatus consisting of a glass flask and condensing unit used for continuous reflux
extraction of alcohol- or ether-soluble components.

SRM - Standard Reference Material

Standard Reference Material (SRM) - A certified known concentration of acompound that isanalyzed in conjunction
with samples for Quality Assurance/Quality Control (QA/QC) purposes.

T
TAHC - total aiphatic hydrocarbons

TOC - total organic carbon

Total organic carbon (TOC) - The percentage by dry weight of organic carbon in a sediment sample.
Total aliphatic hydrocarbons (TAHC) - see Aliphatic Hydrocarbons

Total polycyclic aromatic hydrocarbons (TPAH) - see Polycyclic Aromatic Hydrocarbons
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TPAH - total polycyclic aromatic hydrocarbons

U

UCM - unresolved complex mixture
Unresolved complex mixture (UCM) - Petroleum compounds represented by the total resolved plus unresolved area
minusthetotal areaof al peaksthat have been integrated; a characteristic of some fresh oils and most weathered oils

USGS - U.S. Geological Survey

\Y,

Van Veen grab - Device used for collection of subtidal marine sediments.

W
WIB - Windy Bay
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