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EXECUTIVE SUMMARY

The purpose of this study is to estimate the extent and nature of exposure of limpets
{opihi) to petroleum from the SPM Hose Spill in August/September 1998. The overall
approach is W cumpare peuvleun-derived lydiocarbon concenuations in opili fivm
areas oiled with weathered fuel oil from the Tesoro SPM Hose Spill with those measured
i opihi from non-otled or reference areas.

The opihi tissue was analyzed for the amounts and distributions of polycyclic aromatic
hydrocarbons (PAHs). The rationale behind using PAHs rather than other measures of
hydrocarbon (¢.g., total petroleum hydrocarbons) is that PAHs are not produced bio-
genically and thus are unambiguous indicators of exposure to petroleum-derived material.

Tar balls associated with the SPM Hose Spill began washing ashore at the eastern end of
a north-facing beach in the southerm Kipu Kai area of Kaual in early September 1998,
resulting in a visible coating of oil on the boulders. [n this area of the Kipu Kai South
Beach, the blackfoot opihi species (Cellana exarata) was seen. The yellowfoot species,
C. sandwicensis, could only be found by venturing into the low intertidal zone.

The Kipu Kai North Beach, just north of Molehu Point, had a sandy beach strand about

510 10 meters wide that ended on the seaward side in a limestone bench, apparently at or
just above high water.

Two opihi sampling events were conducted. The first event occurred on 23 September
1998 at the oiled boulder area of Kipu Kai South Beach, during which seven blackfoot
opihi samples and one yellowfoot opibi sample were collected. The second event
oceurred on 2 and 3 November 1998 and focused on the blackfoot opihi. C. exarata. In
November, opihi were collected from Ahukini and two Kipu Kai shores that were
possibly or known to be impacted by the SPM Hose Spill. Reference samples were
collected from Ninini (near Ahukini), from the Kipu Kal area, and at Haena. Haena was
chosen for reference sample collection because it was outside the Kaual area that was
impacted by the spill.

ADL laboratory analyzed four of the eight opihi samples collected on 23 September 1998
and all 14 samples collected on 2 and 3 November 1998 for alkylated polycyclic aromatic
hydrocarbons (PAHs). Total PAH concentrations were adjusted for interferences in the
procedural blank prior to interpretation of the data.

Opihi samples cellected on 23 September in the oiled boulder area at Kipu Kai showed
adjusted total PAH concentrations ranging from 140 10 410 pg/ke (parts per billion - ppb)
dry weight (dw) for three blackfoot opihi samples, and 14 pg/kg-dw for the yellowfoot
opihi sample. Three blackfoot opihi samples collected on 2 November from the same
area contained 13 to 67 ug/kg adjusted total PAH. Two blackfoot opihi samples collected
on 2 November from the limestone outcropping arca of Kipu Kai {possibly lightly oiled)



contained 7.6 and 14 ng/kg adjusted total PAH. The four blackfoot opihi samples
collected from non-oiled areas of Kipu Kai on 2 November contained adjusted total PAH
concentrations ranging from 15 to 40 pg/kg.

Two blackfoot opihi samples collected in November from a formerly oiled area at
Ahukini showed adjusted total PAH concentrations of 13 and 180 pg/kg. The higher
value appeared to derive from a combustion source, not from weathered petroleum. Two
opihi samples collected from a non-oiled area near Ahukini contained 6.3 and 8 pg/kg

adjusted total PAH. The sample collected from Haena contained 10 pg/kg adjusted total
PAH.

Based on the PAH distribution in samples collected at Kipu Kai in September 1998 and
on a comparison of the PAH tissue concentrations measured in opihi from reference sites
in November (Tablc 6-1), a qualitative case can be made for exposure of the blackfoot
species (C. exarata) to petroleum at this location t this time. This conclusion is based on
levels of total adjusted PAH in these samples that were approximately 10 times greater
than total adjusted PAH concentrations measured in the Kipu Kai reference areas. In
addition, the PAH distribution in the blackfoot samples 1s dominated by phenanthrene,
dibenzothiophene, and their highly alkylated homologues, which though not conclusive
in itself, is consistent with exposure to weathered oil. A typical PAH distribution derived
from non-petroleum sources {e.g., air-borne particulates, creosote, etc.) is dominated by
higher molecular weight PAHs (e.g., chrysene, benzo[a]pyrene).

The differences in PAH concentrations between the September and November samples
collected from the oiled boulder area in Kipu Kai (South Beach) suggest that exposure to
petroleumn from the SPM Hose Spill had diminished to near-background levels by
November 1998, Further, based on review of all results presented, there is no indication
of exposure to petroleum from the SPM Hose Spill in the November 1998 opihi samples
from Ahukini.
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1.0
INTRODUCTION

1.1 PURPOSE

The purpose of this study is to estimate the extent and nature of exposure of limpets
(opihi) to petroleum from the SPM Hose Spill in August/September 1998.

1.2 SpeiLL EVENT

The Single Point Mooring (SPM) Hose Spill of August 24, 1998, off Barber’s Point,
(ahu, released 1FQ-380 (Intermediate Fuel Oil, 380 centistokes) fuel oil. This material is
a viscous black oil, with litile or no light material in the composition and is considered
and used as a bunker fuel. Oil was recovered offshore of Oahu in the two days following
the spill. Some of the unrecovered o1l was carried by ocean currents to Kauai and washed
up on several beaches in the form of tar balls in early September.

Most of the oil stranding occurred in scattered pockets on the east side of Kauai from
Kaipu Kai to just north of Kealia. The distance between these points is approximately
31 kilometers. Outside of this area there was a 45 meter beach very lightly oiled with
tarballs at Barking Sands on the west side of the island. At Kipu Kai, SCAT reports
indicated 250 meters of boulder beach heavily oiled with a SCAT oil character
designation of "tar coating” and another 250 meters of very lightly oiled sandy beach. At
Ahukini, 160 meters of supratidal basalt bench were recorded to have a 70 percent
covering of oil with SCAT character desighation "fresh oil”. Between Ahukini and
Kealia Beach, another 2.8 kilometers of beach were at times designated as very lightly
oiled with small tar balls.

1.3 APPROACH

In order to evaluate exposure of the transported oil from the SPM Hose spill to organisms
found in the intertidal areas of the impacted Kauai beaches, a study was conducted to
measure petroleum-derived hydrocarbons in limpets (opihi).  The study included the
collection of opihi samples during the beach cleanup (September 23, 1998), as well as six
weeks later (November 2 and 3, 1998).

To estimate the extent and nature of exposure of opihi to petroleum derived from the
SPM Hose Spill, it was necessary to first compare petroleum-derived hydrocarbon
concentrations in opihi from oiled areas with those measured in opihi collected from non-
oiled or reference arcas. Toward this ¢nd, the opihi tissue was analyzed for the amounts
and distributions of polycyclic aromatic hydrocarbons (PAHs). The rationale behind
using PAHs rather than other measures of hydrocarbon (e.g., total petroleum
hydrocarbons, ete.) is that PAHs are not produced biogenically and are unambiguous
indicators of exposure to petroleum-derived material. These compounds are also nsed in
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DRAFT

the National Status & Trends Mussel Watch program as an indicator of petroleum-
derived pollution in coastal environments (National Oceanic and Atmospheric
Administration/National Oceanic Service (NOAA/NOS)). Because of other possible
sources of hydrocarbons in Kaual (such as other oil spills and various unknown chronic
or episodic releases of petroleum products in both oceanic and nearshore waters), we
evaluated and compared the distribution of PAH compounds measured in the opihi tissue
with the PAH compounds found in the source oil.

The purpose of and approach to the study were developed in conjunction with represen-
tatives of trustee agencies (NOAA/Damage Assessment Center (DAC)), Hawail
Department of Land and Natural Resources (DLNR), United States Fish and Wildlife
Service (USFWS), and Hawaii Department of Health (DOH)). This report describes the
two sampling events, sampling procedures, chemical analyses, laboratory results, and
interpretation of the results.
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20
BACKGROUND

Tar balls assoctated with the SPM Hose Spill began washing ashore at the eastern end of
a north-facing beach in the Kipu Kai area of Kauai in early September 1998 (Figure 2-1).
Cleanup crews were dispatched to the area and collected tar balls by hand and through the
use of snares in the surf zone. It appeared that some tar balls had been stranded amoeng
the boulders at the eastern end of the beach and had melted from heating by the sun

during exposure at low tide, resulting in a coating of oil on approximately 250 meters of
the boulders.

On 21 September 1998, representatives of Tesoro and trustee agencies visited the Kipu
Kai area to survey the extent of oiling and observe wildlife present. Members of the
party included John Cubit and Frank Csulak (NOAA/DAC); Chris Jansen (Tesoro);
Gordon Robilliard, Andy Jahn, and Judy Nedoff (ENTRIX); and Lee Ann Woodward
(USFWS). Nominal low tide of 0.4 feet MLLW on 21 September was at 0930. The
following observations were recorded by Andy Jahn and Gordon Robilliard between

0950 and 1300.
2.1 SouTH BEACH AREA OF Kiru KAl

This beach is a north-facing boulder slope (Figure 2-1), grading from a sand beach on the
west to cliffs at the eastern end (Kawelikoa Point), with a total length of approximately
600 meters. Approximately the western 400 meters were explored, and approximately
the western 250 meters appeared partially oiled. The boulders were a mixture of very
smooth, dense basalt and rougher volcanic material that had cooled while retaining gas
bubbles. Some boulders had depressions formed by short-spine urching at low intlertidal
or subtidal depths and these boulders had probably been washed ashore by large waves,

Conelated with the eastward change from sand-boulder to steep cliff], the interiidal
habitat grades from drier to wetter; white water run-up (west) to breaking wave (east);
and high suspended sand load on the west end to very low suspended load near the
eastern end. Corresponding increases in algal coating of mid-intertidal rocks, as well as
apparent abundance of grapsid crabs, limpets (opihi), helmet urchins, short-spine
urchins, and macroalgae were noted {all more abundant toward the eastern portion of the
beach). Nerites (small gastropod snails) appeared to be abundanl along the entire stretch,

2,11 OwaNo or BOULDER AREA

Besides some staining of boulders near the western end of the explored area, it was
possible to find a thicker coating of oil and occasional tar balls under boulders when they
were rolled over. Observations under boulders also revealed the presence of opihi, small
(< 1 cm carapace width) grapsid crabs, nerites (some oiled), moderate numbers of a
raspberry-colored anemone (0 (0 10 under larger boulders), oue light-colored nerite,

2-1
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tubicolus polychaetes, and flatworms. In clean sand beneath the oil, porcellanid crabs, a
sipunculid (peanut worm), and amphipods were also observed, all in apparently normal
condition. No dead animals were observed.

2.1.2  OpIHI

The majority of opihi seen were the green-mantled/black-foot species, Cellana exarata.
Only by venturing into the low intertidal could specimens of the vellow-foot species,
C sandwicensis, he ahtained. The latter were large ( >1.5 inches) and covered with wrf-
like algae. Few of the opihi appeared to be oiled and those that were had a relatively light
coating scattered on the shell. Many of the C. exarara in the low intertidal were abraded,
some 50 much that the outer protein layer (periostracum) was present only on the last
margin of shell growth. This condition was common at the west (sandy) end of the
beach, but rare to non-existent toward the east (rocky, high-energy) end.

In parallel with the natural gradient of increasing wave exposure from west to east along
this stretch, rocky intertidal organisms become more diverse and abundant with
increasing distance from the sandy, non-vegetated beach area. The ease of human access
also decreases with increasing distance from the sandy beach, a factor that could also
contribute to the perceived gradient of increasing opihi abundance. At some point
(estimated by SCAT teams as 250 m from the sand beach), the oiling of the shoreline
became little or non-existent toward the east (i.¢., Kawelikoa Point).

22 NORTH BEACH

The northern beach is just north of Molehu Point (Figure 2-1). This beach had a non-
vegetated, sandy stretch about 5 to 10 meters wide that ended on the seaward side in a
limestone bench, apparently at or just above high water. This is a high wave energy area,
such that a tide pool, or splash pool, occupied much of the lower-clevation areas of the
bench. The upper part of the bench was covered by a black-green, felt-like mat,
apparently of cyanobacteria (“biue-green algae™). Two oll samples were collected at
this beach on 21 September. However, oil was not observed washing up on the beach at
the time.

2-2



3.0
SAMPLING EVENTS

Two sampling events were conducted. The first event occurred on 23 September 1998 at
the oiled boulder area of Kipu Kai South Beach. The second event occurred on 2 and 3
November 1998, and encompassed sampling at Kipu Kai South Beach, North Beach, and
reference locations; Ahukini (previously oiled) and Ninini Point (reference); and Kee
Beach at Haena (reference). Both events included representatives of Tesoro and trustee
agencies (Table 3-1).

341 OPIHI SAMPLING IN SEPTEMBER 1998

On 23 September 1998, personnel from ENTRIX, NOAA, USFWS, and DLNR obtained
tissue samples from two species of limpet (opihi, Cellana exarata [blackfoot] and
C. sandwicensis [yellowfoot]) as well as the helmet urchin (Ha uke uke, Calobocentrotus
atrata) from an oiled gection of South Beach at Kipu Kai. A summary of these samples
is shown in Table 3-2. Observations of the sampling team indicated that the blackfoot
opihi species (C. exarata) was by far the more common at the mid-intertidal level
accessible to the collection team, This specics scrapes algal film off the mid-intertidal
rocks. The yellowfoot species, C. sandwicensis, is sald to graze macroalgae in the lower
intertidal zone.

These species are all consumed by humans in the recreational fishery. Both opihi species
are important in the Hawaiian culture. Opthi are potentially exposed to hydrocarbons
through absorption from the water, dermal contact, and through feeding by rasping oil
and oil-coated algae off the rocks. These samples were collected for analysis of the
amount of petroleum hydrocarbons in the tissue, The sampling on 23 September 1998
was done to get an indication of the potential exposure of these intertidal animals to
petroleum hydrocarbons while oil was still present on the upper beach at Kipu Kai,

A wooden post on the slope above the North Beach area was chosen by the field team as
a landmark above the reach of common winter storm waves. Collection of opihi samples
from the largest boulders began at this point and proceeded approximately west toward
the sandy beach area. A total of seven blackfoot opihi samples and one vellowfoot opihi
sample were collected. Opihi sampling methods are described in Section 4.0.

3-1



Table 3-1.  Participants at 23 September 1998 Sampling Event

Name of Personnel Organization
Dr. John Cubit NOAA/DAC
Mr. Don Heacock DLNR
Dr. Lee Ann Woodward | USFWS

Ms. Liz Galvez

Hawaii Department of Health

Ms. Kathy Ho Hawaii Attorney General’s Office
Dr. Andy Jahn ENTRIX
Ms. Judy Nedofl ENTRIX

Mr. Chris Jansen

Tesoro Hawaii Corporation

Table 3-2.  Sample Collected at Kipu Kai South Beach 23 September 1998

Sample ID Date Area - Location Sample Sample Jars
Collected Type Analyred? | Filled

BLACKFOOTI 9/23/98 Kipu Kai « South Oiled YES |
Beach

BLACKFQOT?2 9/23/98 Kipu Kai - South Oited NO 1
Beach

BLACKFQOT3 Q/23/98 Kipu Kai - South Oiled NO 1
Beach

BLACKFOOT4A/B 9/23/98 Kipu Kai - South Oiled YES 2
Beach

BLACKFQOTS 9/23/98 Kipu Kai ~ Seuth Oiled NG 1
Beach

BLACKFQOT®6 0/23/98 Kipu Kai - South Oiled YES 1
Beach

YELLOWFOOT! G/23/08 Kipu Kai - South Diled YES 1
Beach

KKCRAB-092398 9/23/98 Kipu Kai - South Oiled NO ]
Beach

KKURCHINI 9/23/98 Kipu Kai - South Oiled NO 1
Beach

KKURCHIN2 9/23/98 Kipu Kai - South QOiled NO ]
Beach

KKURCHINS 9/23/98 Kipu Kai - Scuth Oiled NO l
Beach
3-2




3.2 OPIHI SAMPLING IN NOVEMBER 1998

The objective of the November 1998 sampling was to collect opihi both at Kipu Kai and
at other beaches that had been otled by the SI'M Hose Spill as well as at non-oiled sites.
Results would allow the following:

l. Comparison of PAH levels present in opihi over time, i.c., levels in opihi collected in
September when oil was present at Kipu Kai vs. levels in opihi collected six weeks
later from the same location; and

o

Comparison of PAH lcvels in previously exposed opihi with the natural or ¢hronic
background hydrocarbon levels seen in opihi collected from locations out of the area
impacted by the SPM Hose Spill (i.e., reference sites).

The objectives of the November opihi sampling were to obtain (up to three) replicate
samples of Cellana exarata {(blackfoot opihi) from three oiled beaches (Kipu Kai South,
Kipu Kai North, and Ahukini), from three non-oiled beaches nearby the oiled beaches,
and from a beach that was out of the area impacted by o1l Based on observations
concerning animal locations, greater availability, and potential exposure to spilled oil,
this sampling focused on the blackfoot opihi, C. exarara

The sampling team for the 2 and 3 November 1998 ¢ffort is provided in Table 3-3.
3.2.1 NOVEMBER SAMPLING LOCATIONS

Samples were collected from Ahukini (Figure 3-1) and two Kipu Kai shores (Figure 2-1)
that were known to be impacted by the SPM Hose Spill. In addition, samples were
collected from reference or “non-oiled” shores. One reference site was near Ahukini
(Figure 3-1), two reference sites were in the Kipu Kai area (Figure 2-1), and one
reference site, at Haena (Figure 3-2), was chasen because it was outside the Kaual area
that was impacted by the spill. Table 3-4 describes the sampling locations and associated
photographs.  Photographs ean he fonnd in Appendix A A cummary of samples
collected on 2 and 3 November 1998 is shown in Table 3-5.

At the time of sample collection, it was observed that there was a scarcity of relatively
large opthi. None of the opihi appeared to be oiled and no oil was observed in the sample
collection areas. It should be noted that at the Kipu Kai - North Beach, the yellowfoot
and blackfoot opihi were found in the same intertidal area. Therefore, the samples
collected from this site contained a few yellowfoot opihi (C. sandwicensis). [t is not
expected that this had any effect on the analytical results,



Table 3-3,

Personnel Present at 2 and 3 November 1998 Sampling Event

Name of Personnel

Organization

Ms. Stephanie Sakurai

Clayton Environmental Consultants

Mr. Stan Souza

Clean Islands Council (CIC)

Mr. Don Heacock

DLNR

Ms. Rose Chu

Tesoro Hawaii Corporation

Mr. Richard Rosen

Tesoro Hawail Corporation

Ms. Regie Kawamoto

University of Hawaii, Zoology Department

Dr. Alison Kay

University of Hawaii

Mr, Dwayne Minton

University of Hawaii

Table 3-4, November Opihi Sample Locations
Areca - Lacation Landmark Phato No.
Sample Type
Ahukini - Ahukini East of drainage ditch at end of airport | 1 through 6
Oiled
Ahukini - Ninini Point near Western side of the lighthouse 7 through 9
Reference Lighthouse
Kipu Kai - South Beach Approx. 23 m narth of wooden post 10 through
Oiled 14
Kipu Kai - North Beach Southwest side of beach near limestone 13and 16
Qiled overhang and from northeastern side of
beach near limestone shelf
Kipu Kai - North of Kuahonu Rasalt boulder beach 17 and 18
Reference Point
Kipu Kai - Further North of Basalt boulder beach 19 and 20
Reference Kuahonu Point
IHaena - Kee Beach Basalt boulders west of Faena State Park | 21 and 22
Reference




Tuble 3-5, Sample Locations and Replicates Collected November 1998

Sample ID Date Area - Location Sample Jars | Approximate
Collected Type Filled | Na. Per Jar
SITEL-AHU 11/2/98 Ahukini Oiled 2 Jar 1. 51
Jar: 2: 38
SITES-NINI 11/3/98 Ahukini - Ninini Reference 2 Jar 1: 58
Point near Jar?: 83
Lighthouse
SITE2S-KIPU 11/2/98 Kipu Kai - South Qiled 3 Jar 1: 45
Beach Jar: 2: 48
Jar3: 58
SITE2N-KIPU 11/2/98 Kipu Kai - North Oiled 2 Jar 1: 28
Beach Jar: 2; 13
SITE3-KIPU 11/2/98 | Kipu Kai - Northof | Reference 2 Jar 1: 41
Kuahonu Point Jar; 2: 52
SITE4-KIPU 11/2/98 Kipu Kai - Further | Reference 2 Jar 1: 32
North of Kuahonu Jar 2 41
Point
SITE6-KEE 11/3/98 Haena - Kee Beach | Reference j Jar 1: 53




ke PETEER RO T 3 £ C—
[t ; : Lt vars ;
3 - Hb{pllll\ } “,f ff“\._ ) T - : PRIVAT , M £ !
SANSA M A U LD ;
7 S0 " A
TP

¥ ,*a-uru?:‘.‘:,.,‘g : SITE 1 _AH U '\\I:

M

5%
/
. /
b 7
...... i /
= /
‘.“ J/‘/
p /
Vit .d*':};« 4 \
%ﬁd&t’m é};‘, ! 5 \‘-‘ /
B vy <
i (T='m$"’r Vo i
FONP "’\ L ARUKInG !
[ Ve f
\‘,\\-:': { <: : u!
""" IR
RN \
|___:“ N /f 1{ l
/ W !
i,
) /,“, Ta; }\ ,. » ‘ k
K - . ﬁ ;‘Klamuo P’omtf
Y \-'/"’I ,,;i_"’.)";«
L N N I, s )
i by St AL
B SR O /
_,m]‘“&"ﬁ;—v/““\“ By ,J.;.;;;»’Lj;‘/
W ™ \"\" s ~'1
TRl TS 2 P T SITES-NINT
\-JC"\V., I S
\/L&:@)mm Point ;
= i e
ir =
5 ’e:f'l
P
\ TN
Basemap taken from U.8.G.S. 1983,
Lihue quadrangle, Hawaii, 7.5 minute series (topographic).
Topography from aerial photographs taken in 1960, Field checked in 1963,
Revised from photographs taken in 1978. Limited field check in 1981.
N Scale 1:24 000
1 172 0 I Mile
PIET w | L (- P SR e T T
| 000 0 1000 20003000 4000 $000 6000 7000 Feet
|
Figure 3-1 Opihi Sampling Sites at Ahukini, Lihue, Kauai, Hawaii
Ahukini Sampling
Locations SPM Hose Spill Incident Tesaro Hawaii Corporation




37

LY

o Lah
Y R S

<3

Warkapat
2 Wet Cava

m U.S.G.S.

Basemap taken fro

Haena quadrangle, Hawaii, 7.5 minute series (topographic).
Topography from aerial photographs taken in 1960. Field checked in 1965.
Revised from photographs taken in 1977, Limited ficld check in 1981,

Seale 1:24 000
172 0

1 Mile

3000 4000 00 Feet

1000 0 1000 2000 SO0G 5000

Figure 3-2
Haena Sampling
Location

Opihi Sampling Site at Kee Beach, Haena, Kaual, Hawaii

SPM Honse Spilf Incidant Tesoro Hawaii Corporation




4.0
SAMPLE COLLECTION METHODS

Animals were popped off the rocks with a clean stainless steel blade using a quick
twisting motion to minimize the amount of substrate scraped up with the amimal.
Animals were transferred to personnel for shucking. The animals were handled with
Nitrile gloves, and the whole body tissue samples were scraped into clean glass jars using
a clean knife for each sample. Any opihi 1n which a foot contacted the shell ol another
opihi, was not used for the sample. The 30-gram sample size required for the PAH
analysis was estimated as approximately 30 cubic centimeters. Samples were placed on
ice in a cooler immediately upon collection. Samples collected in September were placed
in a freezer upon return to the command center on Kauai at the Qutrigger Hotel, and were
shipped on dry ice to Arthur D. Little (ADL) laboratory in Cambridge, Massachusetts.

Samples were collected in November in a similar way, according to the “Sampling and
Analysis Plan, Opihi Samples,” October 2, 1998, prepared by ENTRIX, Inc. The opihi
were placed, shell side down, on clean aluminum trays and the animals were carried to a
central area for processing as described above.

To prevent the misidentification of samples collected, each jar was labeled after
collection with a unique sample identification number.  The shells were placed in
ZipLok™ bags for later measuring. In September, shells were segregated according to
opihi species. In November, shells were segregated according to respective samples/jars.
The shells were sent to John Cubit at NOAA, where they were measured.

A chain of custody record was completed to accompany each shipment of samples to the
laboratory. The chain of custody form was used to establish the documentation necessary
to trace sample possession from the time of collection until laboratory analysis. The
samples collected during the November sampling event were stored in a cooler with
frozen ice packs and dry icc under custody of Clayton Envirenmental Consultants until
shipment to the laboratory. The samples and the chain of custody form were then shipped
to ADL laboratory in Cambridge, Massachusetts, by overnight delivery on 3 November
1998. The laboratory received the samples frozen and intact on 4 Navember 1998,

4.1 DECONTAMINATION PROCEDURES

Nitrile gloves were used for handling the opihi and were changed between samples to
prevent cross-contamination.  The stainless steel knives that were reused were
decontaminated after the collection of each sample by washing with water, rinsing with
distilled water, and wiping with isopropyl alcohol. The sampling equipment was then air
dried or wiped with paper towels.
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5.0
LABORATORY ANALYSES AND DATA QUALITY REVIEW

5.1 LABORATORY ANALYSES

ADL laboratory analyzed four of the eight opihi samples collected on 23 September 1998
and all 14 samples collected on 2 and 3 November 1998 for alkylated PAHs according to
modified EPA Method 8270 using gas chromatography/mass spectrometry in the
selective ion monitoring mode (GC/MS-SIM). The laboratory was requested to retain all
tissue residues, ADL laboratory analyzed a sample of the oil released in the SPM Hose
Spill with the tissue batch for comparison. Quality control samples analyzed and
reported by the laboratory included a procedural blank, matrix spike, matrix spike
duplicate, and standard reference material, as well as surrogate spike results for each
sample. A copy of the laboratory data report is included in Appendix B.

8.2 Data QuarLny REVIEW

An ENTRIX chemist (Judy Nedofl) reviewed the laboratory results for compliance with
quality criteria. Diata validation includes but is not limited to a review of samplc integrity
(information from chain of custody form), review of detection and reporting limits,
appropriate significant figures, and completeness of report. In addition, quality control
data reported by the laboratory are reviewed to determine whether precision and accuracy
criteria. were achieved. In this opihi data report, results for the procedural blank,
surrogate spikes, matrix spike samples, and standard reference material samples were
reviewed as indicators of the laboratory’s ability to measure sample concentrations

accurately. Results for the matrix spike duplicate pair were compared to precision criteria
and indicate the lahoratory’s ability to produce consistent results.

Results of the data quality review indicate that the data can be accepted for use with some
gualifications. Naphthalene was detected in the procedural blank at 25 pg/kg (parts per
billion - ppb) on a dry weight basis, which is higher than the concentration of naphthalene
detected in many of the opihi samples. Benzo(ghi)perylene was detected in the blank at
14 pg/kg. This indicates the analytical system (e.g., reagents) contains interferences that
may impact the accuracy of some sample results. In the data validation process, when a
constituent is detected in a sample that is also detected in the associated procedural blank,
qualification of the sample result is necessary unless the concentration in the sample is
five times greater than the level in the blank (USEPA 1994). In this data s¢t, naphthalene
was detected in all the opihi samples at levels less than five times the level in the blank.
One opihi sample contained benzo(ghi)perylene at a level less than five times that in the
blank. A “U” qualificr was added to these results during validation, indicating that the
constituent concentrations are equivalent to not detected.

Lh
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Results for surrogate spike, matrix spike and duplicate matrix spike analyses met
acceptance criteria for accuracy in all samples. However, as the report narrative explains,
results for the tissue standard reference material (SRM)} did not meet acceptance criteria.
ADL analyzed the SRM a sccond time and obtained similar results. During the same
period, the SEM was analyzed in triplicate for an interlaboratory study, and these
analyses met the acceptance criteria. The SRM failed because six of the thirteen PAHSs
were detected at elevated concentrations relative to expected levels, indicating that levels
of these compounds measured in opihi sumples may be biased high. Of the six PAHs that
failed the criteria, one was detected in two opihi samples, and four were detected in only
one opihi sample. Five were detected in a sample from Ahukini which had an anomalous
PAH distribution compared to the other opihi samples, as described in Section 6.2.2. A
Standard Reference Material is prepared by an independent source and used by the
laboratory to check the accuracy of its measurements. Generally, accuracy of analytical
data is not considered questionable based on results of the SRM alone when sufficient
other accuracy measurements have been made and meet acceptance criteria, such as in
this case.



0.0
PAH REsuLTS

Total PAH concentrations for opihi samples are summarized in Table 6-1. Total PAH as
reported by the laboratory and total PAH adjusted for blank contamination (values
qualified with a U subtracted) are shown.

Opihi samples collected on 23 September in the oiled boulder area at Kipu Kai showed
total PAH (adjusted) concentrations ranging from 140 to 340 ug/kg (parts per billion) dry
weight for the three blackfoot opihi samples, and 14 pg/kg for the one yellowfoot opihi
sample. Three blackfoot opihi samples collected on 2 November from the same area
contained 13 to 67 ug/kg total PAH (adjusted). Two blackfoot opihi samples collected
on 2 November from the limestone outcropping arca of Kipu Kai (formerly lightly oiled)
contained 7.6 and 14 pg/kg total PAH (adjusted). Two blackfoot opihi samples were
collected from each of two non-oiled areas of Kipu Kai on 2 November. Total PAH
(adjusted) concentrations in these four samples ranged trom 15 to 40 pg/kg.

Two blackfoot opihi samples were collected from an area at Ahukini that had been
oiled in September. Total PAH (adjusted) concentrations in these samples were 13 and
180 pg/kg. Two opihi samples collected from Ninini Point (a non-oiled area near
Ahukini) contained 6.3 and 8 pg/kg total PAH (adjusted).

In addition, one opihi sample was collected from Haena, which was outside the area of
Kauai coastline known to have been oiled as a result of the SPM Hose Spill. Only one
sample could be collected due to dangerous surf conditions at the time of sampling. This
sample contained 10 pg/kg total PAH (adjusted).

6.1 INTERPRETATION OF PAH RESULTS

0.1.1 SEPTEMBER 1998 OPIHI RESULTS

Based on the samples collected in September 1998 and on a comparison of the PAH
tissue concentrations measured in opihi from reference sites in November (Table 6-1), a
qualitative case can be made for exposure of the blackfoot species (C. exarata) to
petroleum. This conclusion is based on two points of evidence:

¢ The total adjusted PAH concentration measured in these samples (140 to 410 pg/kg
dry wt)) is approximately 10 times greater than total adjusted PAH concentrations
measured six weeks later in the Kipu Kai reference arcas (15 to 40 pg/kg dry wt.);



Table 6-1.  Summary ot Total PAH Results in Opihi Samples Collected
September 23 and November 2 and 3 1998
Minimam
Reporting Total PAH
T.ocation Sample Name Limit Total PAH ad justed*
ug/Kg dry wt. | ug/Kg dry wt. | ug/Kg dry wt.
Kipn Kai, oiled boulders|Rlackfoot 1 15 150 140
September 23, 1998 [Blackfoot 4A/4B 35 440 410
Blackfoot 6 29 350 340
Yellow Foot | 34 38 14
Average Value 226
Kipu Kai, oiled boulders|SITE2S-KIPU 29 80 67
November 2, 1998  |SITE 28 KIPU - Jar 2 23 47 29
SITE 28 KIPU - Jar 3 24 25 13
Average Value 36
Kipu Kai, SITE2N-KIPU 25 26 14
oiled limestone SITE 2N KiPU - Jar 2 20 23 7.6
November 2, 1998  |Average Value 11
Kipu Kai, SITE3-KIPU 33 38 2]
reference areas SITE 3 KIPU « Jar 2 28 39 19
November 2, 1998  [SITE4-KIPU 34 32 13
SITE 4 KIPU - Jar 2 34 81 40
Average Value 24
Ahukini, oiled boulders |SITE1-AHU 31 220 180
November 2, 1998 [SITE [ AHU - Jar 2 28 29 13
Average Value 97
Ahukini, reference  [SITES-NINI 23 17 8
November 3, 1998  |SITE 5 NIN{ - Jar 2 21 20 6.3
Average value 7.2
Haena, control
November 3, 1998 |SITE 6.KEE 28 28 10




« The distribution of PAHs mecasured in the blackfoot samples (Table 6-2, Figure 6-1)
indicates that the PAHs in these samples are dominated by phenanthrenes and
dibenzothiophenes (all samples also contained naphthalene, however, not at levels
above those found in the method blanks). Within these homologous families, most ot
the blackfoot samples are characterized by higher concentrations of the more highly
alkylated PAHs. While there is not enough information in the PAH suite to make
defensible conclusions regarding the specific source of these PAHs, the distribution is
consistent with exposure to weathered oil. A probable source of the weathered oil is
the SPM Hose Spill. If the PAH concentrations found in these samples were derived
from non-petroleum sources (e.g., PAlls associated with post-combustion air-borne
particulates, creosote, etc.), one would expect to see PAH distributions dominated by
detectable levels of higher molecular weight PAHMs (e.g., chrysenes, benzo[a]pyrene,
etc.) and low levels of the alkylated homologues.

Total PAH concentration (14 pg/kg dry wt.) and the PAH distribution (see Table 6-2)
measured in the yellowfoot sample from Kipu Kai in September 1998 are similar to those
measurements in the blackfoot opihi collected from the Kipu Kai reference areas in
November 1998. This observation is consistent with the hypothesis that the intertidal
animals collected and analyzed as part of the Yellowfoot 1 sample were exposed to little
if any petroleum from the Tesoro release,

6.1.2 NOVEMBER 1998 OpiHI RESULTS
6.1.2.1 Reference and Control Site Samples

A total of six reference and one control site samples were collected and analyzed for
alkylated PAHs. At Kipu Kai, the total adjusted PAH concentrations for the four
reference samples ranged from 15 to 40 pg/kg dry wi, (Table 6-1). PAH distributions for
these samples (presented in Table 6-2) indicate that minor amounts of phenanthrene are
present in the these tissue samples. As discussed above, the naphthalene concentrations
are below those found in the method blanks. The Ahukini reference and the Haena
control samples {(sec Tables 6-1 and 6-2) have total adjusted PAH concentrations in the
range 10 to 6.3 pg/kg dry wt., and distributions similar to those seen in the reference
samples from Kipu Kai. Based on the similarities in total adjusted PAI concentrations
(6.3 to 40 pg/kg dry wt.; mean 17411 pg/kg dry wt) and on the relative similarity in
distributions of PAH homologues within these samples, it appears that these results
represent background levels of PAHs in the local environment.

6.1.2.2 Kipu Kai Samples

A review of Table 6-1 shows that the total adjusted PAH concentrations measured in
opihi samples collected from the possibly oiled limestone area (14 and 7.6 pg/kg dry wt)
and in most samples collected from the oiled boulder area (13 to 67 pg/ke dry wt.; mean

36+28 ng/ke dry wt.) largely overlap the results from the Kipu Kai reference sites and
indicate a closc approach to background levels of tissue PAHs measured in the local
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Table 6-2. PAH Distributior in Opiki Szmples Collected September and November 1998

Rz ckfual SITE 25 KP4 - SEFE IS KIPL -

Field 3 Blackfoo 1 IAM4B Riscrkicat 6 Yellow Foot [ SETEZS-KIPL] JARD JARZ

Field Date CU1IMR #9/23/98 B9/25/48 DD123598 112734 11/81/98 1i/02/98

Min Heporting Fimit 3% 31 29 34 23 23 24

Units ug/Kg dry wi. ug/Kg dry wt ugiRg dry wi. kg dry wi. ugfRg dry wi. ug Ky dry wi, ugrhp dry wi.

PAH Compounds ¥Rings Abbr,

Naphthatene z ] 131 u 3238 U & U 24iB U 318 U i3I8 U 218 U
CI-Naphthalenes 2 Ni ND ND ND ND 14 ] 51 ND
{2-Naphthatenes 2 53 WD ND NI o3 NE NI ND
L3-Naphthalenes b4 N3 ND ND N D KO NI ND
C4-Naplithalenes 2 N4 ND N ND RO MDD ND ND

Acenaphihylene 1 ACY ND N ND NO 318 [ViH] ND

Acenaphthens 3 ACE ND ND ND ND ND ND ND

Bipheayl 3 8 ND ND RO ND ND N ND

Fluorene 3 ¥ ND ND N NIy ND ND ND
€1-Fluorenes 3 Fi ND ND ND N> MND ND ND
C2-Floorenes 3 F1 ND ND 213] N ND N3] ND
€1-Fleorenes 3 F3 ND ND HE MNEY ND ND ND

Anthracene 3 A ND 50 KD ND ND ND ND

Phenanthrene 3 P 293 43 39 i41 26} i313 13 )
C1-PhenanthreresAnthracenes 3 PAl 42 97 93 N 19 1 ND ND
C2-Phemnthrenes/ Anthraceies 3 FAL 65 91 &6 NI MND NT N
C3-Phemnthrenes/Anthracenes 3 PAY N ND KD N2 13 ND ND
C4-Phemntirenes/Anthracenes a PAL ND ND N3 N ML ND ND

Inbenerhiophene 3 DBT ND ND 111 NI} 18] ND ND
C1-Dibenzothiaphenss 3 RBBT ND 55 55 N> ND N ND
€£2-Dibenzothiophonas 3 nET2 ND 76 55 NIy NI ND ND
3. Dibenzothiaphenes 3 DHT3 ND ND N ND NE N ND

Fluoranthene + ¥l HND KD ND NI 71 NI N

Prienc 4 FY ND N 113} N 681 ND ND
Cl-Fluoranthenes/Pyrenes ] FLPY1 ND ND N KD NH ND ND
C2-Fluoranthenes/Pyrenes + FELPY] ND NI} KD NIy KD ND ND
Ci-Flooranthenes/Tyrmes + FEPY? ND ND) R NI} NI NI ND

Benzoimdanthracene + Bah ND ND RO ND ND NG ND

Chrysene * < ND ND HD ND ND N N
C1-Chrysenes K €1 NI N WD Ny NOD ND ND
C2-Chrysones + 2 ND NI N2 NEY ND (Vi) ND
C3-Chrysenes 4 3 MND Ki) HD ND ND MNEs NI
CH-Chrysenes 4 ¥ ND Ni) 73] N ND N> Ni3

Benzoibifkioranthene = BbF S i8] N i NEX N1 N NI

BensofkHhioranthene s BLE ND ND N ND NI Ni? ND

Bensoicprrone 5 BepP ND N 13] N N ND NI

Benzoiziprrene z Be? ND N[ K13 Ni» ND NEX N>

Perylene 5 Per ND ND 18] ND N1 N NI

frdenof 1.2, 3-c.djpyrenc 6 Ted ND ND D NEY NI ND NG

¥benzo{a andwacene s 15ehA N> ND ND NiY NiJ NEF NIz

Benzofy b.ijperyiene [ BghiP ND ND N ND Ny ND NI

Sam Path 150 340 150 38 80 47 23

Adjusted Sum PAHs* 149 410 340 14 87 29 3

* These vabues do not mctude values for those PAHSs (primariiy naphitha eney which are fess than 5 tmes the Tavel in the blank
Cinby 2 sipaificant Hgures used 4
o- Page 1 of 3



Table 6-2. PAH Distributian in Opihi Samples Collected September and November 1998

SETE IN KIPH - SITE3 KIFL - BITE + KIPL -

Field H) SITEIN-KI”Y JAR2 SITEZKIPL JARY SITE4-KIPU JARZ SITE:-AHU

Field Bsie E1/0253 1370298 1102/98 11/82/98 FIHEL/O FIOLeR i1:03/98

BMin Repotting Linsie 25 I 35 8 34 34 33

Ehits up'Kg dry wi, ug/KE dry wi, ng/F g dey wi, ugikg dry wt. wg/R g dsy wi, HE/Ng gy wi. g/ NE dry wi,

PFAI Compounds #Rings  Abbr.

Naphthalene b N 218 U 1B u 1718 U 08 U 7B U 4B U 318 U
| -Naphthalenes z N1 ND N NEY in} ND 25 ) ND
C2.Naphthalenes H N2 KD ND KD 5t} ND ND ND
C3-Naphthalenes 3 N3 N O uD NI NP ND ND
Cd-Naphthalenes H N4 N MLy Kiy N1} Nix ND ND

Acesaphtlylene z ACY NI? ND KD NI Ny ND 143

Agenaphtiene 3 ACE ND MND ND N ND ND 131

Bipheayl 3 B NEJ MND NIy ND ND Nk ND

Fluotene 3 ¥ ND ND ND ND N3 NG ND

" Cl-Flucreses 3 ¥t NI HND ND ND NG ND ND
C2-Fluoenss 3 ¥2 ND ND ND Ny HD ND ND
C3-Flucenes 3 3 ND ND ND ND NI» ND ND

Anthrocere 3 A NiJ N[ ND it ND ND 311

Phenamthrse 3 r 41 763 2 £71 151 153 26 4
Cl-Pheranthrencs’An hracenes 3 PAL ND ND NI} NB ND ND ND
C2-Pheranthrenes/Anhracenes 3 £a2 ND ND ND ND ND ND ND
C3-Pheranthreres/Anhracencs k] PAD ND Nl ND N NIz ND ND
C3-Pheranthreres/Anhracenes 3 PA4 ND ND ND M ND ND ND

Dibenzothophens 3 DBT N NDk N MNP ND ND ND
Ci-Dibmzothiephenes 3 DAT? ND N[ N ND Ni3 ND ND
C2-Dibaizethiephene: 3 BHT2 ND Nix NI NI HND ND ND
C3-1ibamzath:ophenes 3 BaT3 ND M MDD NP N ND ND

Fluosanthtre 4 L NEY NI} ND ND ND ND 1513

Pyrese 3 PY N ND KD ND N Nty 143
Cl-FluownthesesPyrenes ] FLPYI ND N[ N ND ND NB ND
C3-Fluoanthenes/Pyrenes 3 FILPYI ND NI CE 8] ND NI N3 ND
C3-Fluoanthenes/Pyreres L] FLEYY ND NI NI M} ND N ND

Benzo{a)arhracene 4 HaA ND NI RND Mi} NI N ND

Chrysene ' C NI ND N Ni HE» ND 153
Ci-Chnysenes + 1 N} MND N Ni ND Nz ND
C2-Chnyseines ] {2 NEY ND Hix Ni} NI N ND
C3-Chnysenes 4 3 N3 ND NIy N NI¥ N3 ND
C4-Chrysenes $ 4 ND ND N i NI ND MDD

Genzoibithioranthene 5 8b¥ ND WD Wi el NI NiY 161

Benzugiothiomnthene s 1183 N MND NEY ISl NI Ni} 1417

Benzofe)prrens E3 Bel ND ™D NEY N} NI Ny ND

Benzodalprrens 3 8aP N N NEX ND NI} Ni3 i3]

Perylens L1 Per N2 Ni2 MEY M} NI} N ND

Inderof{1,23< dipyrene + iad NI NI NEF N NI Ni» 161

Dibenzofa hjanthracene s DahA N3 NI ND N} NI M3 iG]

Bewrofg hiperylene '3 BghiP Ni3 NI 28] Ni NI N 1% 13 1

Sum FAHs & 25 3% 35 37 8% 220

Adjurted Sam PAH 4 1.6 21 19 is 4D 180

* These values do not include valuss for those FAlls (primer ity naphtha'ene) which are less than § times the fevel in the blank

Only 2 signficant Tipures used.
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Table 6-2. PAH Bistribution in Opihi Samples Coliccted September and November 1398

SITE 1 AR SEFE S NENT - SPat
Field 1D FAR 1 SETEENING JAR? StTEL-KEE HOSEDOE
Figld Date 182758 FH00/58 FE/03/%8 11765798 3N ]
Min Repoating Limi¢ F3.3 3 21 28 5
tnits ug/hg drywi. ug/Kg dry wi, #eTRg dry wt, wpKg dry wi. mg/kg
PAH Comrpounds #HRings Abbr
Haphthalene b N 16 i8 U 91 U 4B U 5B u 300
Ci-Napithalenes 2 N1 ND ND ND XD B20
C2-Naprhalenes 2 NZ NIy ND ND XD 1300
C3-Napithalenes 2 N3 ND NT) ND ND 1400
C4-Napithaienes 2 Né ND ND ND XD 950
Acenapithyienc 1 ACY ND NE ND KD ND
Acenaphtlene 3 ACE ND ND ND ND 26
Biplienyl 3 B ND ND ND MHD &6
Flucrene 3 F ND ND ND ND IO
Cl-Fluorenes 3 ¥i ND ND ND N 300
C2-Fluorenes 3 £2 ND ND ND Ny 380
C3-Fluorenes 3 F3 ND ND ND ND 330
Anthracens 3 A ND NI NI ND 27
Phenanthrsne 3 P 13 3 81 61 16 ¥ 3430
CI-Pheramthrenes/Anthracenss 3 PAL WD ND ND ND 570
C2-Pheranthrenev/Anthracenes 3 PA2 ND ND NI NE3 540
C3-fheranthrenes/Anthracenss 3 PA3 ND ND NI ND 350
C4-Pheranthrency/Anthracenss 3 | ND ND ND ND 150
Dibeazottiophene 3 PRT Ni» ND ND ND 120
C1-Bibenzothiophenes 3 DBTI NiY ND NI ND 230
C2-pbenzothiophenes 3 DBTE ND ND ND ND 300
C3-Dibenzothiophenes 3 DBT: ND ND NI Ni3 250
Fluoraathete 4 FL ND ND ND N 52
Py:ene 4 PY Nby ND NI ND 15
CE-Huoanthenes Pyrenes 4 FLPY Ni¥ ND N NI} 51
C2-HuoranthenesPyrencs 4 FLPY: ND ND NI NI &9
C3-Fluoranthenes/Pyrenes 4 FLPYi NiY ND ND N3 &7
Benzofa)anthiacene 4 Raa Ni} ND ND NI ND
Chrysene 4 [o¢ NI ND ND N 12
Ct-Chrysenes 4 3 ND NIy N ND 29
C2-Chrysenss 4 €2 N3 ND N[ Kb 49
C3-Clirysenes 4 C3 NI ND ND NB 58
Ci-Chnysenss 4 c4 NiY R E] ND NI 30
Benrath)Doranthene 5 BhE NI NI NIY ME3 393
Henzafk Tuoranthene 5 BLF Nil ND NIY 315 ND
Benzof{e)pyrene 1 Be? NI} ND Ny KB i)
Benzo{a)pviene 5 BaP N NIy NiY K3 Z31
Peryicus s Per WD ND NiY N3 321
Indenod1,2,3-c.d)pyrene % Ind KND ND NE NP3 N
Dibeszofabanthracens £ DabA NI3 ND ND 315 ND
Benzo{ghilperylene 6 Bghil ND ND N NI} 353
Sum PAlls 25 17 24 25 G200
Adjusted Sam PAHs® 11 S 5.3 i}

* These values de not include values for those *Alls {primurily nuphthaenc) which are less than 3 times the level in the bank.
Lnly 2 significant figures used
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Figure 6-1.  PAHs in Opihi Tissue Collected on September 23, 1998 from Qiled Boulders at Kipu Kai, Kauai
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environment. The PAH distributions measured in the opihi from the oiled locations arc
also similar to those measured from the reference locations. The implications of these
distributions have been discussed above (Section 6.2.1). While the degree of replication
was not sufficient for powerful statistical tests, these results support the conclusion that
either: (1) the opihi sampled in November from this location were much less exposed to
petroleum from the Tesoro spill than those sampled in September; or (2) depuration
diminished or removed any measurable effect of petroleum exposure. The latter
explanation, if correct, suggests that above-background petroleum exposure in these
intertidal animals was temporally restricted to a period of approximately two months.

6.1.2.3  Ahukini Samples

As noted above and in Table 6-1, replicate samples of opihi tissue were collected
from oiled boulders in the Ahukini area. These two replicates have very different
total adjusted PAH concentrations (13 and 180 pg/kg dry wt) and PAH distributions
{Table 6-2 and Figure 6-2). A review of the PAR distnbutions presented in Figure 6.2
shows that the Site 1 Jar 2 sample distribution is characterized by high molecular weight
PAHs and an absence of alkylated homologues. As discussed above, exposure of
biological tissues to petroleum would tend to result in a relative dominance of lower
molecular weight compounds and in the uptake of alkylated compounds. This is due two
the higher relative concentrations of these compounds in petroleum products (see SPM
Hose oil PAH distribution in Figure 6-3) and their ability to more easily move through
the environment and he availahle for uptake  Conversely, PAHs derived from pyrogenie
sources such as combustion of petroleum products or creosote, have a PAH distribution
dominated by the more stable non-alkylated PAHs (i.e., parent PAHs) and by the larger
molecular weight PAILs (Bums 1997 #4).

The PAH distribution measured in the Ahukini Site 1 Jar 2 sample appears to be
mdicative of a pyrogenic source.  The discrepancy between this sample and the other
Ahukini Site 1 sample suggests that the pyrogenic source may be derived from a localized
input (or from sample contamination). A review of the PAH concentration and
distribution in the Ahukini Site 1 sample compared with the total adjusted PAH
concentrations measured at the Ahukini reference site (8 and 6.3 ug/kg dry wt,
respectively) indicates that there is no current exposure of these intertidal animals to
either petroleum or pyrogenic PAH sources.

6.1.3  INTERPRETATION SUMMARY

Total adjusted PAH concentrations for all Kipu Kai opihi samples are comparatively
illustrated in Figure 6.4. This presentation emphasizes the differences between the PAH
tissue concentrations measured in the September 1998 blackfoot samples, the November
samples from both the oiled boulder area and oiled limestone arca, and the samples
collected from the reference locations. As discussed above, the difference noted between
the September and November samples collected from the oiled boulder area clearly
suggests that continued exposure to petroleum from the SPM Hose spill is no longer
present at levels sufficient to clevate tissue concentrations over background levels,

fi8



Further, based on review of all results presented in Tables 6-1 and 6.2, exposure to
petroleum from the SPM Hose spill is not indicated in the November 1998 vpihi samples
collected and analyzed from Ahukini.
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Figure 6-4. Comparisen of Total PAHs in Kipu Kai Opihi Samples, September and November 1998
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ARTHUR D, LATTLE

Environmental Menltoring and Analysis Unit
Palynuclear Aromatic Hydrocarbons in Tissue Samples
Project Narratlve

Clieat. Tesoro Hawali Corporation Batch No, 80301
Projeet No.: 39680 Package Nea - 1528
Entered By:  Richard Purdy Date: Januery 11, 1999

Polynuclear Aromatlc Hydrocarbons In Tigsue Samples

Sampln Rezelpt

Twentywtwa (22) Hiasus samples were reocived intaot and in good condition by Arthar D,
Little, Inc, on September 28 and Noveinber 4, 1998 on behalf of Tesoro Hawaii
Corporation. All pertment samplo receipt information is noted on the chain of custody
records included as part of this deliverable. Data for the following samples are reported
{4 this package:

Blsckfoot 1 Yellowfoot 1 Blackfoot 4A * Site 2N Kipu Jar 2

Dinckfoot 2! KK Crab 092358 ' Blackfoot 4B 2 Site 3 Kipu Jar 2

Blackfoot 3 ! XX Crchin 1! Site 1 Ahu Jar 2 Site 4 Kipu Jar 2

Blacktoot § ' KK Urchin 2 Site 28 Kapa Jar 2 Bite 5 Ninj Jar 2

Blackfoot 6 KK Urchin 3 Stte 25 KimuJar3  Sie ! Ahu

Site 28 Kipu Site 2N Kipu Site 3 Kipu Site 4 Kipu

Site § Mini Site § Kow

! Sample not analyzed ! - Samples combined, prepared and
analyzed together

Laboratory Methods

These saraples were preparsd and analyzed for Parent and Alkyl Homologue
I'olynuclear Arometic Hydrecarbons in accordance with the laboratory procedures
described in the quality assurance workpian for the project. Quality control samples
include a preparation blank, matnx spike/raatrix spike duplicate (MS/MSID), aud
reference material aamples.

Preparation

These tissue samples were prepared by homogenizing portions of each sample and
serially extracting with methylene chloride. The extracts were cleansd-up uking size
exclusion chromatagrephy and shuning columns to remove non-target matrix

Approved By:
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ARTHUR D. LITTLE »
Environmental Monltoring and Analysis Unlt
Polynuclonr Aromatic Hydrocarbons In Tissue Samples
Project Narrative

interferences. ‘The solvent extracts were then concentrated to a known volume and
submitted for analysis,

Analysis

The sample extracts were analyzed for Parent and Alkyl Homolegue Polynuclear
Aromatic Hydrocarbons using gas chromatography/mass speciromsiry in the selected
lon monitoring mode (GC/MS/SIM). The GC/MS is tuned using PFTBA at the start of
cach analytical sequence, before tiz calibration. Continuing caljbration standards are
aualyzed after every fiftesn 1o eighteen samples and at the end of the sequence. Target
compounds are quantified from the average response factor (RRF) of the calibration
eurve, Alleyl hamaolngnes are quantifisd using the RRF of the parent compaund.

Quality Assuranca/Quality Cantrol

Qualily ussurance und quulily control procedures for the analyses sre docwmnenled in the
laboratory quality assurance plan and standard operating procedures (SOPs). The
preparation and analysis data are contained in ADL packages 1529, Quality assurance
audits were performed on all data generated as part of this deliverable, Please note the
following:

+ Initial and continuing calibration standards et control limit roquirements.

«  All surrogate and matrix spike compound recoverics met control limit requirements,

~  Target compound recoveries in the standard rafarence materials (SRM) sxcesdad
quality control requirements for six of the thirteen certificd recoveries. Re-analysis
of the sample confirmed thece recults. Triplicate analyses of this SRM apalyzed as
part of an interlabaratory comparieon study during the sane time period yielded
results for all cotpoundy within weepluble limits, The data we aevepted wilhivul
further qualification but associated results may be biased high.

Data Report

The final report includee tha following components:

+ Namative - includes project discussion, sample listing, report qualifiers

« Chain of Custogy = inclodes all kipned chain of coatady recnrds and nheervarion
forms for the reported figld sarnples.

»  Data Tables — includes data swinmary, suitogste resovery summary and quality
control resulls for all analyses
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ARTHUR D. LITTLE

Enviranmontal Menitoring and Analysis Unit
Polynuclear Aromatic Hydrocarbons In Tissue Samples

Project Narrative

The method dotection limit (MDL) and minimum reperting limits (MRL) wore adjustod
for sample size, sample split and pre-injection valume (PIV). The minirmum reporting
limits (MR]) were calculated based on the low calibration standard, 23 pg/mL.

Qualifiers used in reporting of the analytical data are deseribed in the following table.

Table 1: Report Qualifiers

Qualifier  Explanation

J “Concentration between the edjusted minlmum reponting limit (MRL) and the
adjusted method detaction limit (MDL)

U Concentration below MDL

=] Concentratien quantiiated from dliytion analyals
B Dotooted In the nasodiatod pressdure! blank
oo Diluted out; result could net be measured

Additional qualifiere may be used a5 definad in the individusl data raparts or prajest narrative

Approved By: A Dete: / y7i Aff__“
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Arthur D, Llitle
Envirgnmmental Monitoring and Analysis Unit

Project Title : Tesoro
Data Package: B0301

Data Table: PAM - Maln - Surrogate Correctod

Fiald ID

Lanip

Lab Bat¢h

Filg

Sample Type
Weight Bagils
Matrix

Sample Size
Percent Moisture
Associated Blank
Fleld Date
Extract Date
Analysis Date
Min Raparting Limir
Units

Naphthalene
C1.Naphthalenes
CZ.Naphthalenes
ClNaphthalenes
C4-Naphthalenes
Acenaphthylens
Acenapnthensa

Biphenyl

Fluorane

GC1-Fluoranes

1 Fluorenaes
C3.Fluorones

Anthrazena

FPhenanthrene
C1-Phenanthrenes/anthracenes
C2-Phenanthrenes/anthracenes
C3.Phenanthrenesianthracenes
C4.Phenanthrenes/anthracenes
Dibenzothiophene
G1-Dibenzathlophenes
C2.Dibenzathiopheties
C3-Dibenzothiophenes
Fluoranthene

Pyrene
C1-Fluoranthenes/pyrenes
C2Flupranthenasipyrenes
C3-Fluoranthenesipyrenes
Ronsalalanthracens
Chryseng

C1.Chrysenes
C2-Chrysenes
C3-Chrysenes
CA-Chrysenas
Benzo[b)fluoranthene
Benzo[k]lfluoranthene
Benzofe)pyrene
Benzolajpyrene

Perylene
Indeno[4,2,3,-¢.dlpyrene
Dibenzofa,h)anthracene
Benzoly,h,perytena

Total PAH

%d8-Naphthalene
Ydit-Acenaphthene
%di0-Phenanthrene
%d12-Benzolalpyrane

kk. Tesorn.1-3723.1/12/09

SRM 1481
BN13
BO3K1
D25473.0
Qc
VOLUME
SRM

12017198
280
ug/L

66800

104
4600
700
7100
7200
BOOO
5100
5100
120000

108
a9
95
a8

mi,

North Slopa Crude
EN14
BO301
D25474.0
Qc

on,

oIL

§

NA

NA

NA

NA
12117/38
5

my/kKy

780
1700
2000
1800

860

220

220
A1a
370

280
630
700
540
410
230
480
G40
590

12
85
150
180

44
20
100
110
84

13000

1o
104
100

99

Page1of 10

mg

ND
ND

ND

ND

ND

ND
NE
ND

ND
ND

SPM HOSEQ01
YBUZBI4RE
BO30A
DZ5500.0
Qc
Qi
oL

10.1 mg

NA
12/18/98
5

mafKg

300

820

1300

1400

930
ND

ND

8200
96
L]
H

9%

Procecural Blank
CA-SFE PCA
B0301
DZs4TeD
Qc
DRY
TISSUE
249
NA
HA
NA
MNA
12117198
25
ugfKy

2%

39

85
B0
91
8é

1974a
CAS218RM PCA
B0J01

NZ5477.0

SAMP

DRY

TISSUE

1.68 g

88.6

CA-B-20PD PCA
NA

1210898

1247198

30

ug/Kg

18 J8
131

NO
NG
ND

14 J
TJ
564
53l

ND
NIy

NG

Pl

140
160
140
100

51

94
0
100

Tescpah1.xls: Main



Arthur D, Little

Envirgnmental Mornitoiing and Analysis Unit

Project Title : Tesoro
Data Package: BO301

Data Table: PAH . Main - Surrogate Corrected

Field 1D

Lab ID

Lahb Batch

Filer

Sample Typa
Weight Basis
Matrix

Sample Slze
Percent Moisture
Associated Blank
Field Date
Extract Date
Analysis Data
Min Reporting Limit
Units

Maphthaleng
C1l.Naphthalenes
C2-Naphthalenes
Cl-Maphthalenes
CA-Naphthalanes
Acenaphthyleng
Avenaphihgne

Biphenyl

Fluorens

C1{-Fluorengs
C2-Fluarenes
C3-Fluorenes

Anthracene

Phenanthrene
C1-Phenanthrenes/anthracenes
C2.Phenanthrenes/anthracenes
C3-Phenanthrenesfanthracenes
Cd.Fhenanthrenas/anthracenss
Dibenzothiophene
C1-Dibenzothlophenes
C2-Dihenzothiophenes
Cl.0ibentathiophenes
Fluoranthene

Pyrene
Ci-Fluoranthenes/pyrenes
C2.Flugranthenes/pyrenes
C3-Fluoranthenes/pyrenes
Banrn[ajanthrascena
Chrysens

C1-Chrysenes
C2.Chrysenes
C3Chrysenes
C4-Chrysenes
Benzalbjfluorantheny
Benzo[k]fluoranthene
Benzolelpyrene
Benzo[a]pyrenae

Perylena
Indenof1,2,3, . dlpyrene
Dibenzo[a,hlanthracene
Bonzolg,h,l|perylens

Total PAH

%a8-Naphthalene
%d10-Acenaphthena
Yd10-Phenanthrana
%di2-Benzofalpyrene

k. Tesore, 1-3723.1/12/99

Blackfoot 1 Blackfoot 6 Yellow Fool 1 Biackfoot 4A/4B Blackfoot 4A/48
9803047 PCA 9803051 PCA 98D3052 PCA 98D3057 PCA 98D3057MS PCA
B304 BoA01 Bo3e1 80304 BO3O4
DZ5478.0 DZ5479.D DZ5480.0 DZ5481.0 DZ25482.D
SAMP SAMP SAMP SAMP Qc
URY PRY DRY DRY DRY
TI8s0e TISSUE TISSUE TISSUE TISSUE
14249 179 146 g 1.44 g 1349
83.8 81.7 81.5 §2.5 828
CA-5-20PB PCA CA-S-20PB PCA CA-S-20PB PCA CAS.20PE POA CA-5.20PR PCA
09/23/88 09123198 09/23198 09123798 09/23/98
12/08/98 12/08/98 12/08/98 12/0B/98 12/08/98
12117168 12147198 12117198 1247198 12/17/98
s 29 M k1 7
ug/Kg ug/Kg ugiKg ug/Ky ugKy
438 35 W A DA i Bk U T2 A5 730
ND NI N ND ND
ND ND NW ND ND
ND ND NG ND ND
NE) NI ND ND NG
ND NI ND ND 680
HD HD ND MR 700
KD NO ND ND ND
ND ND ND ND 730
NDY ND KD ND RO
ND ND ND ND ND
ND ND [ ¥l ] [¥a] ND
ND ND ND 50 530
294 39 14 43 760
42 85 ND 67 a8
&4 80 NE 91 95
ND ND NI ND ND
ND ND ND ND N
ND 1y ND ND 12 )
NI 55 N 55 38
ND 56 ND 76 85
ND ND ] ND ND
NG ND ND ND T80
ML ND N NM 720
ND ND ND ND ND
D N ND NO ND
ND ND ND ND ND
N ND NG ND 780
ND ND HD ND picls}
ND NO ND ND HD
ND ND NG ND ND
ND NDR ND ND ND
5} ND NU NI ND
NE ND NI ND 780
ND NOD ND ND 790
ND ND ND ND ND
D NDY ] MD 780
ND ND ND NR ND
ND ND N[ N 720
ND ND ND ND 710
NPy NIY HND ND 680
150 350 38 440 12000
78 58 88 48 78
81 62 68 52 75
B2 [k [+4] 55 79
82 63 B4 53 78

Page 2 ¢f 10
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Arthur [, Little

Environmental Monitoring and Anaiysls Unit

Project Title : Tesoro
Data Package: BO3M

Data Tabla: PAM - Maln - Surrogate Corrected

Field 1D

Lab D

Lab Bateh

File

Sample Type
¥eight Basis
Matrix

Sample Size
Percent Molsture
Associated Blank
Field Date
Extract Date
Analysia Date
Min Repnrting Limit
Units

Naphthalene
C1-Naphthalenes
C2-Naphthalenes
C3-Naphthalenes
CA-Naphthalenss
Acenaphthylene
Acenaphthene
Biphenyl
Fluorena
C1-Fluorenes
CA-Fluorenes
C3-Fluorenes
Anthracene
Phenanthrene

C1-Phenanthreneslanthracenes
G2-Phenanthrenes/anthracenes
C3.Phenanthranes/anthracenes
Gd.Phenanthrenes/anthratenes

Dibenzothiophene
C1.Dibenzothiophenas
C2-Dibenzathiophenes
Cl-Dibenzothiophenes
Fluoranthens

Pyreng

Cr-Fluaranthenes/pyrenes
C2-Flupranthenes/pyrenes
C3-Fluoranthenes/pyranes

Benzofalanthracene
Chrysene
C1-Chrysenes
C2.Chrysenes
C-Chrysenes
C4.Chrysenes
Bengo[bjfluoranthene
Benzro[k]fluoranthene
Benzolelpyrene
Benzofa]pyrene
Ferylene
Indeno{1,2,3,-¢,d]pyrene
Cibenzo[a,hlanthragens
Bencolg, b f]perylene
Total PAM

YilB-Naphthalene
%dt6-Acenaphthane
%d18-Phenanthrene
%d12-Benzofapyrane

Kk.Tesorn.1-3723,112/89

Elackfoot 4AJ4B
9§DINSTMSD PCA
BOI0T
DZ5433.0
Qac
DRY
TISSUE

139
B2.5
CA-5-20FB FCA
09/23/98
12/08/98
1217/98
AR
ug/Kyg

730
25
ND
ND
ND
740
710
ND
750
ND
NB
ND
530
790
150
220
130
N
18
50
130
140
770
T80
59
84
64
800
740
40
35 d
344
ND
an
780
ND
790
HO
710

720
B4¢

13000

SITE4-AHY SITE2S-KIPU SITE2N-KIPU SITE3-KIPU
95D4265 PCA 9804266 PCA 804267 PCA 98D4268 PCA
B0301 BO301 80301 B0301
DZ5484.0 DZ5486.0 DZ5487.D DZ5408.0
SAMP SAMP SAMP SAMP
DRY DRY DRY DRY
TISSUE TISSUE TISSUE TISSUE
16249 172 9 189 g 14 g
78.7 ags 78.2 79.1
CAS.20PB PCA CA-3-20PB PCA CA-520PB PCA CA-5-20PB PCA
11/62/98 11/02/98 11102198 11/02/98
12/08/98 12/08/38 1208198 12/08/98
12147198 12117498 1217198 12117198
it 29 25 as
ug/Kg ug/Kg ug/Kg ugikg
31 B, +-dft AW o8 A6 W
ND 14 ND ND
ND N ND ND
ND ND ND NO
ND NC KD ND
14 ) ND ND ND
9 J [\]»] KD 1=}
ND NC ND NO
ND N ND N
ND ND ND ND
ND ND ND ND
ND ND ND ND
g1J ND NDY ND
26 J 20 J 14 4 21 ]
ND 19 ) ND ND
ND ND ND ND
ND ND ND ND
NO ND ND ND
ND ND ND ND
ND ND ND ND
N ND ND ND
NO ND N ND
15 74 N ND
14 J 69 J HE RD
ND ND ND ND
ND ND N ND
ND ND ND ND
NDY ND ND ND
15 J ND ND ND
ND KD ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
16 J ND ND ND
14 J ND ND ND
ND RO ND ND
LEN NG ND M
ND NO N ND
16 J NE NC ND
1wy ND ND ND
1548~ 2L 1L MO ND ND
20 80 6 38
6% a2 72 7%
66 88 74 74
70 89 6 78
&7 85 73 78

Page 30110
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Arthur D, Little
Environmental Monitonng ana Analysis unit

Project THie : Tesoro
Data Package: BO301
Data Table: PAH - Main - Surrogata Corrected

SITE 1 AHU + JAR BITE 28 KIPU «
Field ID SITE4-KIPY SITES-NIN} SITEG-KEE ? JAR 2
Lab 1D 9804269 FCA 9804270 PCA 9804271 PCA 9804411 PCA 9804412 PCA
Lab Batch 80301 Bo301 B30 80301 Bo301
File NZ5489.0 DZ5430.0 DZ5491.0 DZ5492.0 DZ5493.D
Sample Type SAMP SAMP SAMP SAMP SAMP
Woeight Bagis DRY DRY ORY DRY DRY
Matrix TISSUE TISSVE TISSUE TISSUE TISSUE
Sample Size 147 g 214 g 178 g 176 g FATE:]
Percent Molsture 80 79.6 80.3 80.1 19.7
Assugiated Blank GAS-20FPB PCA GA-S-20PB POA CA-S-20r2 PCA CA-D-200 PCA CA-G-29FD PCA
Field Date 11102198 11/03/98 1110398 1120298 11i0298
Extract Date 12/08/98 {2/08/98 1208/98 12/08/98 12/08/98
Analysis Date 1417798 12/17/98 12117193 1218198 12148/%8
Min Roparting Limit 4 21 24 28 23
Units ug/Kg ug/Kg ugiKy ug/kKg ugiKy
Waphthalens A 20y ShadB DY WBIB-D B 638 B 4398 33 W
Ct-Naphthalenes ND ND ND KO 16 J
C2.Naphthalenes ND ND ND ND ND
C3-Naphthalenes ND ND ND ND ND
CA-Naphthalenes ND ND ND ND ND
Acenaphinylene WD ND ND KD ND
Acenaphthena ND ND ND N ND
Biphenyl ND ND ND ND ND
Fluorens NI ND ND ND ND
C1{-Fluarenas ND NO ND ND NO
CA-Fluorenes NG MD HND ND ND
C3-Fluorenes ND NE ND ND ND
Anthracena NO ND NR [V ND
Phenanthrene 154 8J 10 J 13 ) 134
Ci-Phenanthrenesfanthracenes ND NO ND ND ND
C2-Phananthrenesfanthracenes ND NE ND ND KD
C3-Phenanthrenes/anthracenes ND HND ND HD ND
C4-Phenanthrénes/anthracengs ND ND NO NG ND
Dibenzothiephene NO ND ND ND ND
C1.Dibenzothiophenes ND MD ND NG NW
C2-Dibenzathiophenes ND ND ND ND ND
Cl.Dibenzothiophenes N ND) ND NG NO
Flucranthene ND ND ND NO ND
Pyrens 1] NE HO HD RO
GC1-Fluoranthanes/pyreanes ND ND ND ND ND
C2.Fluoranthenesipyrenes ND ND ND ND ND
C3-Flupranthenesipyrenes ND ND ND ND D
Renzelajanhracens HEOY L1ls? HO WY HY
Chrysene NE ND ND ND ND
G1-Chrysenes NG ND ND NO ND
C2-Chrysenes NG ND ND ND NG
Cl-Chrysenes N ND ND ND ND
C4.Chrysenes NG HD ND ND ND
Benxo[b]funranthene ND NI ND ND N[
Benzolk)flugranthene ND ND ND HD ND
Benzofe)pyrane ND ND ND ND ND
Benzofa)pyrene NU NU ND ND N
Perylena ND ND ND ND ND
Indenof1,2,3,<.d]pyrene ND ND NO ND ND
Dibenzo[a,hjanthracene ND ND ND MDD ND
Benzaly,h, fperylene HND ND rMO ND [ Hnl
Total PAN 32 17 25 29 47
"LdmNmphthmlono FLs B2 B &7 (]
%d10-Acenaphthene 75 81 82 88 72
%d10-Phenanthrene 79 81 B4 69 76
%d12-Benzola]pyrene 81 80 86 ;1] 73

kk.Tesara,1.3723.412/99 Page 4 of 10 Tesopaht.xls: Main



Arthur D, Little

Environmental Monitoring and Analysis Unit

Projest Title ; Tesoro
Data Package: B0304

Data Table: PAH - Main - Surrogate Corrected

Field I

Lab D

Lab Bateh

File

Sample Type
Weight Basis
Matrix

Sampla Slze
Parcent Moigture
ASSOCINSN BIaNK
Fleld Date
Extract Date
Analysis Data
Min Reporting Limit
Units

Naphthalene
C1-Naphthalenes
C2.Naphthalenes
CI-Naphthalanes
C4-Naphthalenes
Acenaphthylena
Acenaphthene

Biphenyl

Fluorene

C1-Fluorenes
G2-Fluorenes
C3-Fluorenes

Anthracene

Phenamthrene
C1-Fhenanthrenseianthracaenss
G2-Phenanthrenes/anthracenes
CAPhenanthranasianthracenes
C4-Phenanthrenesianthragengs
Dibenzothlophene
C1-Dibenzothiophenes
C2.Dibenzothlophenes
C3.Dibanzothiophenes
Fluoranthene

Pyrene
G1-Fluoranthenes/pyrenes
C2-Flugpranthenes/pyreres
C3-Fivoranthenes/pyrenes
Dehzo[alanthracens
Chrysene

C1-Chrysenes
G2-Chrysanes
C3.Chrysenes
G4-Chrysenes
Benzo[b)flugranthene
Benzaok]fluoranthene
Benzo(e]pyrene
Benzo[a)pyrene

Perylene
Indeno[1,2,3,¢,d)pyrane
Dibenzola,hlanthracene
Benzo[g,h,perylens

Total PAH

*%d8-Naphthalene
a4 0.Azenaphthons
Yad10.Phenanthrene
“d12-Benzo[alpyrene

kk.Tesoro.1-3723.1/12/99

SITE 28 KIPU « SITE IN KIPU - SITE 3 KIPU « JAR SITE 4 KIPU « JAR
JAR 3 JAR 2 % 2
9804413 PCA 9804414 PCA 9804415 PCA J804416  PCA
BO3¢1 B0301 B03I01 BOJO1
DZ5484.0 N25435.0 DX5496.0 NZ5437.00
SANMP SAMP SAMP SAMP
DRY DRY DRY DRY
TISSUE TISSUE TISSUE TISSUE
206 4 248 g 178 g 149 g
89,1 7.2 80.4 §2.2
CA-S-UPB MGA CA-83-20P8 PCA CA-5-JUPB PUA CA-D-Z0PEB PCA
1102198 11102498 11102198 11/02/98
1208198 1210898 12/08098 12108198
1218/98 12118/98 12/18/98 1218198
24 20 3:3 kL]
ug/Kg ug/Kg ug/Kg ugrKg
24w 748 2o 26-4B HBU 410 W
ND NI 104 25
HD ND NO MND
ND NO ND ND
ND MO ND ND
ND ND ND ND
ND NI ND ND
ND ND ND ND
ND ND ND WO
ND ND ND ND
NO NI LY [X1e}
ND ND ND ND
ND ND NQ ND
133 TE Y L NEN] 1%
ND N NIy N0
ND NO ND ND
ND ND ND NO
ND ND ND ND
NO ND ND NC
KD ND ND NO
ND N ND NGO
ND ND ND ND
ND ND NI MDD
[¥1¥] ND ND ND
ND NR ND NR
NG ND ND ND
NO ND ND KD
HE MND NG MD
ND ND ND ND
ND NG NO NO
ND ND ND ND
ND ND ND ND
ND ND N ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
NQ ND ND ND
NG NG ND ND
ND ND ND NOY
ND ND ND ND
[X]e] ND ND ND
25 25 39 81
7 87 88 77
75 RY RR 78
7 g7 88 80
75 66 87 81
Page 5 of 10

SITE S NINI « JAR
2
9804447 PCA
BOI0Y
DZ5499.0
SAMP
DRY
TISSUE
2359
79.6
CA-5-20PB PGA
11/03/93
12/08/98
1418798
M
ugiKy

20

73
78

81
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Arthur D. Littla

Envirenmental Menitoring and Analysis Unit

Project Title ; Tesoro
Data Packaga: BO301

Data Table: FAH - M5.MS0 - Surrogate Carrected

Field ID

LabID

Lab Bateh

File

Sample Type
Weight Basis
Matrix

Sampla Size
Percent Moisture
Agsociated Blank
Finid Mata
Extract Date
Analysis Date
Min Reporting Limit
Units

Naphthalens
C1-Naphthalenes
2-Naphthalenes
Ci-Naphthalenes
C4-Naphthalenes
Acenaphthylene
Acenaphthens

Biphenyt

Flucreng

ClFlugrenes
C2-Fluorgnes
Cl.Fluoretes

Anthracene

Phenanthrene
C1-Phenanthrenesianthracenes
CL.Phenanthrenpsianthracenes
Cl-Phenanthrenesfanthracenes
C4.Phenanthrenssfanthracernes
Dibenzothlophena
Ci-Dibenzothiophenes
C2-Dibenzothipphenes
C3-Dibenzothiophenes
Fluoranthene

Pyrene
CH.Fluoranthenas/pyrenss
C2-Flugranthenes/pyrenes
C3-Flyoranthenes/pyrenes
Benzo[alanthracene
Chrysene

C1.Chrysenes
CiChrygenes
C3-Chrysenes
Ca-Chrysenes
Benzo[bjflusranthens
Benzok]fluoranthens
Benzofe]pyrens
Benzolalpyrene

Perylene
Indeno[1,2.3,-¢,d)pyrene
Dibenzo[a,hjanthracena
Benzolg,hilperylene

“adB-Naphthalene
%d10-Aeenaptthene
Yd10-Phenanthrane
%d12-Benzo[alpyrene

kk.Tesoro.1-3723.1/12/99

Blackfoot 4A/48
880D3057 PCA
BO3O1
DZ5431.0
SAMP
DRY
TIBIUE

144 g
825
CA-8-20PB PCA
noraza
12/08/98
1217198
38
ua/kg

48
52
LH)
53

Blackfoot 4AMB
9803057MS PCA
B0O301
DZ5482.D
Qc
DRY
TISSUE
1.3 g

82.5
CAS-20P8 PCA
nAarsRar
12/08/98
12747198
37
ugrkg
730

ND

ND

ND

680
700

121

790
790

720
§60
75
75

79
78

Page 6 of 10

T

746

746
746

746

748
748

748
746

746
748

Tag
740

746
746

748
748

%R

54

91
94

93

102
97

106
98

106
106

108
97

85
')

Tesopaht.xis: MS-MSD



Arthur 0. Little

Envirenmental Monitoring and Analysis Unit

Project Title : Tasora
Data Package: BO3M

Data Tahle: PAH « ME.MSD - Surrogate Cormected

Field 1D

Lak D

Lab Batch

Filg

Sample Type
Weight Basis
Malrix

Sample Size
Percent Moisture
Associated Blank
Flald Date
Extract Date
Analysis Date
Min Reporting Limit
Units.

Naphthalene
C1.Naphthalenes
Cz-Napnthalenas
Ga-Naphthalenes
C4-Naphthalenes
Acenaphthylena
Acenaphthens
Biphenyl
Fluorene
C1Fluorenes
{2-Fluarenes
C3-Fluorenes
Anthracene
Phenanthrene

C1-Phenanthrenes/anthragenes
GC2Phenanthrenes/anthracenes
C3-Phenanthrenes/anthracenes
C4-Phenanthrenes/anthracenes

Dihenzothiophene
C1Dibenzothiophenes
C2-Dihenzothiophenes
C3.Dibenzathiophenes
Fluoranthene

Pyrene
CA-Flugranthenagipyranas
C2-Fluoranthengsipyrenes
Ci-Fluoranthenesipyrenes
Benzolaanthracene
Chrysene

C1-Chrysenes
C2-Chrysenes
CXChrysenes
C4-Lhrysenes
Benzo[b]flucranthene
Benzo[k}fluoranthene
Benzole]pyrene
Benzo(alpyrene

Parylens
Indeno{1,2,3,.c.d)pyrene
Dibenzofa,hjanthracene
Benzo[g h,l|perytena

%d8-Naphthalene
%d10-Acenaphthene
Ya10-Phenanthreng
%d12-Benzo[alpyrene

kk Tesora 1-3723.1/12/49

Blackfoot 4A/4E
980305TMSD PCA
BOIM
DPZ5433.0
Qc
DRY
TIBAVE
1349

g2s
CA-5-20PB PCA
N5/22198
12/08/98
1211198
38

ugfy T

T30 769
254
ND
NG
ND
710 769
10 769
ND
750 769
ND
ND
ND
530 759
790 769

ND

770 768
150 789

B0 769
740 789

B2U [GE]
790 769

790 789

710 6%
720 769
640 769

89
93
97
a7

%R

92
82

o8

62
g7

100
94

104
98

a7
103

103
a2

94
83

Q RPD

32

1.1
a2

1.9
21

Q.94
29

53

10
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Arthur D. Little
Emvirgnmental Monitaring and Analysis Unit

Project Title : Tegoro
Data Package: BO301

Data Table: PAH - IRM - Surrngate Corrected

Fleld \D

Lab D

Lab Batch

File

Sampla Typa
Weight Basis
Matrix

Sample 5ize
Percent Molsture
Assotlated Blank
Field Date
Extract Date
Analysls Dato
Min Reporting Limit
Units

Naphthalena
CiNaphihalenes
C2-Naphthalgnes
G3-Naphthalenes
C4-Naphthalenes
Acenaphthylene
Acenaphthene

Biphenyl

Flugréene

C1.Fluorenes
CAFluorenes
C3-Fluorenes

Anthracene

Phenanthrena
Ci-Phenanthrenesfanthracenes
C2-Phenanthrenes/anthracenas
Ci.Phenanthrengs/anthracenes
C4-Phenanthrenes/anthracenes
Dikenzothiophene
C1-Dibenzgthtophenes
C2-Dibenzothlophenes
Cabibenzothiophenes
Flugranthene

Pyrene
CA-Flusranthenes/pyrenos
C2-Fluoranthenes/pyrenes
C3.Fluaranthenes/pyrenes
Banzo(alanthracene
Chrysens

C1.Lhrysones
Cr.Chrysenes
C3-Chrysenes
Calnrysenes
Benzo[b]fluoranthene
Benzofk)fluoranthene
Benzolelpyrene
Benzo[alpyrene

Parylene

Indeno{1,2,4,-¢ d]pyrene
Dibenzofahlanthracene
Benralgnijperylans

Y%d8-Naphthalene
%d10-Acenaphthens
%d10-Phenanthrensg
%12-Benzofalpyrene

kk, Tesoro,1-3723.4/12/99

SRM 1491
BN18
B0O3C1
DZ5473.0

8.1 mL

12117198
280
ugil.

8600

5100
5600
5700
00
7200
6030
5100
5100

105
99
95
95

3=

6980
7280
7000
7270

7820
7010

5810
£pa0

3590
7030

5250
5570
5620
G730
T120
6230
5180
5230

%o

4.2

-8
-15

18

40.3
-3

-0.2
1.9

2.5
7.5

28
Q54
14
46
11
4.8
-1.5
3.8

Page 8 of 10
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Arthur B. Little

Enviranmental Monitoring and Analysia Unit

Projact Titla ; Tesoto
Data Package: BOJO1

Data Table: PAH » NSC - Surrogate Corrected

Field ID

LabID

Lab Batch

Fila

Sample Type
weight sasis
Matrix

Sample Size
Percent Moisture
Associated Blank
Field Date
Extract Date
Analysis Date
Min Reporting Limit
Units

MNaphthalena
C1-Naphthalenes
C2-Naphthatenes
C3.Naphthatenes
C4-Naphthalenes
Acenaphthylene
Avenaphthena
Biphenyl
Fluorene
C1.Fluarenes
C2-Fluarenea
CI-Fluorenes
Anthratene
Phenanthrene

C1-Fhenanthrenes/anthracénes
C2-Phenanthrenes/anthracenes
C3-Phenanthrenesianthracenes
C4.Phenanthrenas/anthracenes

Otieazathionhens
Cl-Dibenzothiophenes
C2.Dibenzothlophenaes
G3.Dibenzothiophenes
Fluoranthene

Pyrane

C1-Fluoranthenesioyranas
C2-Fluoranthenes/pyrenes
CY-Fluoranthenes/pyrenes

Benzao[ajanthracens
Chrysens
C1-Chrysenes
C2Chrysenes
C-Chrysenes
C4.Chrysenes
Benzolh]flugranthene
Benzak]fluaranthene
Benzale]pyrens
Benzu(a)pyrene
Perylene

Indenoi1,2,3,« dlpyrens
Dibenzo[a,hlanthracene
RBanzaln h ijperylens

Ydd-Naphthalene
“hdib-Acenaphthene
%d10-Phenanthrens
%d12-Benzola]pyrena

kk.Tesoro.1-3723.1/12/99

Marth Stope Crude
BN14
Bo3ot
DISATAD
Qc

QI

oIL

5

NA

MA

NA

NA
12117138
-

mglKy

760
1760
2000
1500

860

220

85
220
30
30

280
630
700
540
410

580

110
104
100

mg

ND
HD

ND

ND

ND

750
1700
2400
000
1200

220

94
240
350
400

269
600
740
540
a30
240
530
740
660

%D
13
ar

2%
28

1.1
-8.3
-8.7
~7.5

T

-5.4

24
A2

14
1

~1d
24

59
«1Q
-4.8
9.1

17
-9.1

Fage 9 of 10
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Arthur O, Litte
Ervitonementat Mofitoang aha Anatysis Unr Draft

Projest Title : Tesoro
Data Package: BOJOT
Data Yabte: PAH - Maln - Surrogate Cerrectad

Field ID SRM 1491 North Slope Crude SPM HOSEQM Procedyral Blank 1974a
Lak 1D BNAY BN14 $3DIBOARE CA-$.20PB PCA CA-S-215RM PLA
Lab Batch B0301 80301 B0301 BO30t B0

File RZ5473.0 DZS474.0 DZES00.0 p25476.0 DZSATT.D
Sample Type ac ac Qac Qe SAMP
Weight Pasls VOLUME OiL [} DRY DRY
Matrix SRM oiL OlL TISSUE TISSUE
Sampiw Slze 0.1 mi, 5 mg 101 mg 1y 164 g
Percent Molsture NA NA NA NA an.s
Asgoniated Hlank NA NA NA NA CA-S.20P8 PCA
Fleid Date NA NA NA NA WA
Extract Date NA NA NA NA 120898
Analysis Date 1211798 121798 1211848 12117158 1217198
Min Reporting Limit 250 4 5 25 3
Units ug/t. mgiKg mgiKy ug/Kyg ey
Naphtialane 6600 760 300 25 18 JB
C1-Naphthalenes ND 1700 820 ND 134
C2-Naphthalenes NOD 2000 1300 ND ND
Cl-Naphthialenss NI 1500 1400 N NO
C4-Naphthalenes ND 250 50 ND a1V
Acenaphthylene 6400 N NO ND 14 4
Acanaphthane £200 ND 2 ND 7J
Blphenyl 7000 220 ] ND 564
Fluorene G200 g8 110 ND 83
Ci-Fluorenes ND 220 0 ND ND
C2Fluorenes ND 330 380 ND ND
CJ-Fluoranes NE 7o 330 NO NI
Anthracene 7800 ND rig ND x
Phenanthrens 6800 280 K0 KD 0
C1-Phananthrencs/anthraceries NDH 830 870 NO i

G 2-Pliepanthy siesfanthracenes N TO0 540 MO 140
Ca-Phenanthrenes/anthracenes ND 840 300 ND 200
CA-Phenanthrenes/anthracenes NO 410 160 ND 0
Dibanzothlo phetie ND 250 120 ND 8.5
C1.Dibenzothiophenes ND 480 250 ND k5
C2-Dibenzothiophenas ND 840 300 ND 120
C3-Oibanzothlophenss ND 890 20 ND 160
Fluoranthene 5900 MO 52 NO 150
Fyrene £000 12 15 NO 140
C1-Fluorantheneas/pyranes ND g 81 NU T
Ci-Fluoranthenes/pyrenes ND 150 89 ND 140
C3-Fluoranthenes/pyrenes ND 180 &7 ND 100
Benzo(a]anthracene 3500 NE ND NG 52
Chrysene C500 44 12 3w} 9
C1-Chrysenes ND 80 2 ND 110
C2-Lhrysenes KD 100 A5 ND 100
CILhrysenes ND 110 &8 ND ND
C4-Chrysenes ND Bd 56 ND ND
Banzo[b]fivoranthane 5100 & 28 NG BQ
Benzo[K]fluoranthene 5600 ND ND NG 18 J
Barzofelpyrene §700 12 87 NG 1190
Benzo[alpyrene 7100 ND 23J [{[v] ar
Perylene 7200 ND 22 ND 9J
Indenc]1,2.3, <, d]pyrane 5000 ND ND ND 234
Dibenzofahlanthracene 5100 ND ND NO 184
Benza(g,h Npersane 5100 ND 350 144 91 8
Total PAH 1720000 12000 (;) 4Q N
%d8-Naphthalene 106 110 B8 85 a2
%dit-Acenaphthens 09 104 =3] 80 a7
Yad10.Phenanthrene 9 100 o5 91 B9
%d12-Benzo[a] pyrene 35 29 23] 85 79

kk Tesoro, 1-3723.1£3/99 Page 1010 Tasopah ds: Main



Arthur D. Litthe

Ervironmental Monitoring and Anatysis Unit

Pruject Tithe * Tasoro
Data Package: BOJOY

Data Table: PAH - Maln - Surrogats Corracted

Flekt 1D

Lab 1D

Lab Batch

Flle

Sampis Type
Weight Basls
Matrix

Sampla Size
Percent Molsture
Asssclarsd Blank
Fleid Date
Extract Date
Analysis Date
Min Reporting Limit
Units

Naphthalens
C1-Naphthalenes
CiNaphihaiwray
C3-Naphthalenes
C4-Naphthalenes
Acenaphthylene
Acenaphthene
Bipheny)
Fluorene
C1-Flucrenes
C2-Fluorenes
C3-Fluorenes
Anthiracane
Phenanthrene

C1.Phenanthranes/anthracenss
C2-Ptrevanttuermesfanthn eveiros

Ci-Phenanthrenes/anthracenes
C4-Phananthranes/anthracenas

Ribenzothiophene
C1-Dibenzothlophenes
G2.Dibenzothlophenes
CI-Rivenzothiophenss
Fluotanthene

Pyrens
C1-Flucranthenas/pyrenes
C2-Fluoranthenss/pyrones
C3-Fluoranthenes/pyrenes
Banzolajanthracene
Chryaena

C1-Cheysenes
CZ-Chrysenes
C3.Lhrysenes
CA-Chrysenes
Benzo[biflupranthane
Benzo[k)flusranthena
Banzol[e]pyrene
Benzo{a]pyrene

Perylens
Indenos(1,2,3,.¢,d]pyrens
Ditenzola hlanthracens

Benzofg,h,i] parytens
Total PAH

YedB-Naphthatens
%4 0-Acanaphihene
“%d10.Phenanthrene
"wd12-Benzolalpyrens

kK. Tesor,1-3723.173/99

Blackfoot 1
9803047 PCA
BO301
D2s418.0
SAMP

ORT

TISSUE

1.42

83.8
CA-S.20P8 POA
0%/23/98
12084
1217198

38

ug/Kg

42
[z}

150

78
81
a2
a2

Blackfoot 8
9303081 PCA
BO301
DZ8479.0
BAMP

ORY

TISSUE

1.1g

8.7
CAS-20PE POA
09/23/98
120888
12117198

b

wafkg

16

2EY

BIEL

JB

ND
ND

Page 2 of 10

Yellow Foot 1
8803082 PCA
BOINM
D2Z5480.0
SAMP

ORY

TISSUE

1.48

318
CA-8-20PB PCA
09/21198
AFILESTY
1211798

34

ugIKg

£EBE B

]

Blackfoob ANAB
08DINST PCA
BU301
DZ5481.0
SAMP

DRY

TISSUE

144 g

828

CAS-200g PCA
09/23198
1208094
12M17/98

38

ug/Kg

ER-F Y

88
78

Draft

Blackiont 4A/48
P803057M3 PCA
B304
DZ8482.0
Qe
DRY
TISSUE

1M g
825
GA 8-20PB POGA
09/2308
12m8194
12117098
a
/g

730
ND
N
ND
ND
680
o0
ND
730
ND
ND
ND
530
T80
&8
LS

710
12000
75

79
78

Tesopah.ds. Mait



Arthur D, Little

Environmedtal Monitonng and Analysis Und

Project Title ; Tesoro
Dats Package: BO30Y

Data Tabie: PAH » Main » Surrogate Corrected

Fletd 1D

Lak o

Lab Batch

Flle

Sample Type
woelght Basia
Matrix

Sample Slze
Parsant Moisture
Agsoclated Blank
Fleld Datn
Extract Date
Anatysis Date
Min Raporung Limit
Units

Naphthalene

C1-Naphthalenes
GCa-Naphthalenes
ClNaphthalenes
Cd-Naphthalenes
Acenaphthylens

Acanaphthens

Biphenyl

Fluorene

Ci-Flucrenes

C2-Fluorenss

Ci-Fluorenes

Anthracens

Phenanthrene
C1-Phenanthrenes/anthracenss
C2-Phenanthranes/anthracenes
CI-Phenanthrenes/anthracenes
CA-Phenanthrenas/anthracenss
Disenzothlopheos
C1-Dibanzathjaphenas
C2.Dibenzathiophenas
C3-Dibenzothiophenes
Fluoranthena

Pyrene
CA-Fluoranthenas/pyTanes

G Fluoranthecies/pyranes
GI-Fivoranthenes/pyrenes
Benzo[aJanthracans

Chrysene

ClChrysenes

C2-Chirysenes

Cl-Chrysenas

Cd-Chryssnas
Benzo{blflusranthene
Benzo{kjfluoranthena
Benzole]pyrene
BenZo[alpyrene

Perylane

Indeno[1,2,3 .c,d]pyrane
Dibenzola hlanthracene

Banzo[g,h,flperylene
Tutal PAH

%d8-Haphthalens
“%d10-Acenaphthens
Yad10-Phananthrena
%d12-Benzola]pyrene

ki Tegere, 1-3723.1/3/29

Blackfoot 4AMB
BEDINSTMED PCA
B30t

DZs483.D

Qc

ORY

TISSUE

1.3

LR

CA-S-20PR PCA
0972398
1200898
12717/98

38

ug/Kg

790
150

130

NG

8

130
140

820
790

790

710
20

1000

a7
a7

ND

ND

t

s}

b
SITEL-AHU
9804265 PCA
50301
DZsAgA,D
SAMP
ORY
TISSUE

162 ¢
8.

CA-8-20PB PCA

“0%ZIM8
12/08108
1217108

hi]
ugiKg

15 J8

Page 3 ef 10

3
AY
. 4
SITE2S.KIBU
9804268 PCA
BOX1

DZ5486.0

SAMP

DRY

TISSUE

172

80.5

CA-S-20PB PCA
09/23/98
12108108
12178

by’

ugiKg

13JB

14

J

ND
ND
ND
KD
ND
ND
NG
NQ
ND
WD
ND

X

B288

'.

A AV]
SITE2N-KIPU
8804287 PCA
B0J0O1
DIs481.0
SAMP
DRY
TISSUE
1.99
8.2
CA-8-20P8 PCA
09/23/398
12/08/48
12117198
1]
ug/Kyg

12

72
74
78

JB
KD
ND

Draft

&

(¢

SITE3-KIFU
2804288 PCA
B03019

D2s488.0

SAMP

DRY

TISSUE

1.43

79.1

CA-5-20P8 PCA
’ ar23/98
120898
1211708

%

ugKg

17

21

]
74
78
78

- N,‘.j-

JB
NP
ND
ND
ND
ND
ND
ND
ND
WO
WD
ND
ND
J
NO
NI}
NOD
NO
ND
NEY
NGO
NQ
ND
ND
ND

Tesopah s Main



Arthur 1, Lirthe

Envirormental Monitoning and Analysis Unit

Project Title : Tesoro
Data Package; BOINM

Ruta Table: PAH - Main - Surragate Correched

Fieid 1D

LabiD

Lab Batch

File

Sample Type
Yvelgnt Basis
Matrix

Sample Size
Percent Maisture
Asgosiated Blank
Fleld Date
Extract Date
Analysls Date
Min Reportng Limit
Units

Raphthalene
Ci-Naphthalenas
C2-Naphthalenes
CINaphthalenes
CA-Naphthalenes
Acenaphthylens

Acoriaph Hyene

Blphenyl

Flaorane

C1-Fluorenes
C2-Fluorenes
C3-Flusrenss

Anthiracens

Phenanthrena
Ci-Phenanthrenes/anthracenes
C2-Phenanthrenes/anthracenes
C3-Phananthrenes/anthracenes
C4-Phenanthrenes/anthracenes
Dikenzothiophene
CilDibanzathiaphenss
C2-Dibenzothlophenes
C3-Dibenzothivphenes
Fluoranthene

Fyrene
Ci-Fluoranthenes/pyrenes
C2-Flugranthenas/pyrenes
CI-Fluoranthenes/pyrenas
Benzofalanthracena
Chrysens

C1Lhrysenes
C2-Chrysenes
CILChrysenss
CA-Chryxsenas
Benzo(bfluoranthene
Benxo(k]fivoranthene
Banzo(e]pyrene
Benzo[alpyrens

Paryiens

Indenal§,2,),c dlpyrene
Dibenza(a hlanthracans
Benzo[g,h,[perylene
Total PAH

%8 -Naphthaleme
%d10-Acenaphthene
Yd10-Phenanthrens
%d12-Benzo(a]pyrene

kK. Tesore 1-3723.153/49

8ITE4-KIPU
04269 PCA
80301
DE5439.0
SAMP

DRY

TISSUE

147

80

CA-8-20PB PCA
0912308
12408798
1201108

H

ugiKyg

17

15

JB
ND
ND
ND
ND
ND
ND
ND
ND
ND
N
ND
ND
J
ND
ML
ND
ND
ND
N
ND
ND

SITES-NINI
2304270 PCA
B3N
DI5490.0
BAMP
DRY
TISSUE

214 ¢
70.8
CA-8-2008 POA
00123/98
12108198
1211758
n
ugixg

3|
81

Page 4 of 10

SITES-KEE
9804271 PCA
B0
D25491.D
SAMP

URY

TISSUE

118

803
CAB.20B8 POA
09/2308
12108508
121TRS

28

ugiKg

ZTRE

SIVE 1 AHU - JAR 2
804411 PCA
BO301

DZ5492.0

SAMP

ORY

TISSUE

1.7¢

0.1

CAS.20PR PCA
09/22/94
120898
121858

8

iy

16

13

8

2883

J8
MO
ND
ND
ND
NO
NO
ND
ND
ND
NO
ND
ND
J
ND
NR
ND
ND
ND
N
NO
ND
ND
NOY
ND
ND
ND
ND
HE
ND
ND
NO
ND
ND
ND
NO
ND
WD
ND
ND
ND

Draft

BITE 25 KIPU -
JAR 2

B3D441Y  PCA
BG301
DZ5493.0
SAMP

DY

TISSuE

217

7.7
CAB.I00B PCA,

09423/98
12/08/98
121188
a3
ug/Kg

18
18

47

76
3

J8
J

1]
[o]
ND

Tesopah.xs: Main



Arthur D, Little

Environmental Monitaring and Analys:s Unit

Project Title : Tesora
Data Package: BOX

Data Table: PAH - MS-MSD - Surrogate Corrected

Fieid ID

Lab ID

Lab Batch

File

Sample Type
Weight Basis
Matrix

Sample Size
Percent Moisture
Assoclated Blank
Fleld Date
Extract Date
Analysis Date
Min Reporting Limit
Units

Naphthalene

C1-Naphthalenea
C2-Maphthalenes
Ci-Naphthalenes
Cd-Naphthalenes
Acenaphthylene

Acenaphthene

Biphenyi

Fluorens

Ci-Flucrenes

Ci-Fluorenes

Cl-Fluorenes

Anthracens

Phenanthrens
C1-Phenanthrenes/anthracenes
CZ-Phenanthrenes/anthracenes
C3-Phenanthrenes/anthracenes
C4.Phenanthrenas/anthracenes
Ribenzothiophene
Ct-Dibenzothiophenes
C2.Dibenzothiophenes
C3-Oibenzothlophenas
Flueranthone

Pyrene
Ci-Fluoranthenes/pyrenes
C2-Fluoranthenes/pyrenes
Cl.Fluoranthenes/pyrenes
Benzo[alanthracens

Chrysene

C1.Chrysenes

C2.Chrysanes

Ca-Chrysenes

CA4-Chrysenes
Benza[b]flucranthene
Banrofk]fluaranthans
Benzo[e]pyrene
Benzo[a]pyrene

Perylane
[ndeno{1.2.3..c.d]pyrane
Dibenzola, hlanthracene

Benzo[g,h,lperylens

*%d8-Naphthaiene
%d10-Acenaphthens
%4$10-Phenanthrene
%d12-Benzofa]pyrene

kk. Tesoro, 1.3723.1/3/98

Blacktoor 4A/48
98D05T PCA
B0301

DZ5481.D

SAMP

DRY

TISSUE

1.44

82.5

CA-8-20P8 PCA
09123108
12/08/98
121708

35

ugiKg

32.J8

50
43
a7
91

55
76

NG
ND
HO
ND

ND
ND
ND

Blackfoot 4A/4B
S8D305TMS PCA
80301
DZE482.0
Qc
DRY
TISSUE

134 49
82.5
CA5-20PB PCA
09/23/98
12/08M48
1217/98
37
ugiKg

730

680
7Q0

720

Page 8 of 10

¥

746

146
746

746

748
748

748
746

746
746

746
748

746
748

146
746

%R

91

98

&%

103
97

106
a8

106
106

106

97

92

Draft

Tesopah xis: M&EMSD



Arthur 0. Little
Environmental Monitoring and Anatysis Unit Draft

Project Title ; Tesore
Data Package: B0301
Data Table: PAH - M5-MSD - Surrogate Corrected

Fleld 10 Blackfoot AA/4B

Lab (D 9803057TMSD PCA

Lab Batch B0301

File DZ5483.D

Sampie Type Qc

Weight Basis DRY

Matrix TISSVE

Sampla Size 13g

Percent Moisture a8

Associated Blank CA-5-20PB PCA

Field Date 09723198

Extract Date 12/08/08

Analysis Date 12171198

Min Reporting Limit 38

Units ug/Kg T %R QRPD @
Naphthatene 730 7688 o1 32
Cl-Naphthalenes 25

C2.Naphthalanas ND

C3Naphthalenes ND

Cd-Naphthatenes ND

Acenaphthylena 710 769 92 11
Acenaphthene 70 [ -y
Biphenyl, ND

Fluorene 50 765 98 0
C1-Fluorenes N

C2-Fluorenss N

Ci-Fluoranes MO

Anthracene 530 789 62 12
Phenanthrene 760 789 97 1
Cl-Phananthrencaianths avenes 130
C2-Phenanthrenes/anthracenes 220
C3-Phenanthrenesfanthracenes 130
C4.Phenanthrenesfanthracenes ND

Ribenzothiophene 18 J

C1.Dibenzothiophenes 50

C2-Dipenzothicphenes 130

C3-Dibanzothiophenes 140

Fluoranthene 770 780 100 ]
Pyrens 750 769 98 1
C1.-Fluoranthenes/pyrenes &9
C2-Fluoranthenes/pyrenes a4

C3 Fluoranthenes/pyrenas B84

Benzo[a]anthracene 8O0 789 104 19
Chrysene 740 TE9 96 2.1
C1-Chrysenes 40

CLLnrysnnes 31

C3-Chrysenas 34 )

C4-Chrysenes ND
Benzo[b]ﬂuaranthene 820 789 107 054
Ranzo[k]fluaranthans 780 7649 103 249
Benzole]pyrene ND

Benzo[a]pyrene 790 769 103 1.9
Perylene ND
indena[1,2,3,-¢,d]pyrene 710 789 92 53
Dibenzo[ahjanthracene 720 769 54 1
Benza[g,h,ijparylene B40 769 B3 10
%d8-Naphthatene a8

%d{0-Acenaphthene aa

%d10-Phenanthrene ar

%d12-Benzofa)pyrens g7

kk.Tesorn. 1-3723.1/3/99 Page 7 of 10 Tesopah.xis: MS-MSD



Arthur D, LRtle
Environmental Monitaring and Arsalysis Unit Draft

Project Title ; Tescoro
Data Package: B0301
Data Table: PAH - IRM - Surregate Corrected

Field tD SRM 1441

LabiD BN18

Lab Bateh BO301

Fite DZ5473.0

Sample Type Qe

Weight Basis VOLUME

Matrix SRM

Sample Size 2.1 mL

Percent Moistues NA

Agsociated Btank NA

Field Date NA

Extract Date NA

Analysls Data 12117/98

Min Reperting Limit 250

Units ugiL T %0 Q
Naphthalene 8600 689¢ 4.2
Ct-Naphthalenes ND
C2-Naphthalenes ND
G3-Naphthalenes ND
C4-Naphthalenes . NO
Acenaphthylene B400 6e6o -4
Acenaphthene 8200 7280 16
Biphenyl 7000 7000 0
Fluarene 6200 7270 -15
C1-Fluorenes N
C2-Flucrenes ND
C3-Fluorenes NI
Anthracena 7800 7820 0.3
Phenanthrens 6800 7Q10 ]
C1Phenanthreneafanthracenes ND
C2-Phenanthrenes/anthracenss ND
C3-Phenanthrenes/anthracenes ND
Cad-Phenanthrenes/anthracenes ND
Dibenzothiophens WD
CA-Dibenzothiophenes ND
C2-Dibenzothiophenes ND
Ca-Dlbanrothivophenes ND
Flugranthene 5500 5910 02
fyrans £000 5890 1.9
C1-Fluoranthenes/pyrenes NG
C2-Fluoranthenas/pyrenes ND
C3-Fluoranthenes/pyrenes ND
Benzo[a]anthracene 3500 3590 2.5
Chrysena 6500 30 7.5
C1-Chrywsnes MO
C2-Chirysenes ND
Cl-Chrysenes WD
C4-Chrysenes nND
Banzalblffuaranthene £100 8280 .28
Benzo[k]fluoranthene 5600 5570 054
Benro[e]pyrens 5700 5520 14
Benzo[alpyrene 7100 6790 4.6
Perylena 700 7120 11
Indenc{1,2,3,c.d]pyrene 6000 6290 4.6
PDibenzofa,hlanthracene 5100 5180 «1.9
Benzofg,h,liperylene 5100 5260 3.6
%dé-Naphthalene 105
%d10-Acenaphthens 99
%d10-Phenanthrene 95
%d12-Benzofalpyreane a5

Kk. Tesore.1.3723.1/3/99 Page 8 of 10 Tesopah.xls; IRM



Arthur D, Little
Environmental Monitoring and Analysis Unit Draft

Project Title : Tesoro
Data Package; B0301
Data Table: PAH « NSC - Surrogate Corrected

Fiedd 10 Newth Slopa Crude

Lab ID BN14

Lab Batch BOA01

File DZ5474.0

Sample Type ac

Weight Basis OlL,

Matrix QL

Sample Size 5mg

Percant Molsture NA

Asscclated Blank NA

Fleld Date NA

Extract Date NA

Analysis Date 12117198

Min Reporting Limit 5

Units mgikg T %D Q
Naphthalene 760 80 1.3
C1i.Naphthalenes 1700 1700 0O
C2-Naphthalenes 2000 2400 .7
CI-Maphthalenes 1500 2000 -25
C4-Naphthalenes 860 1200 -28
Acenaphthylena NO
Acenaphthene ND

Biphenyt 220 20 0
Fluorens 95 94 11
C1-Fluorenes 220 240 -8.2
G2-Fluorenes 330 380 -8.7
C3-Fluorenes 370 400 7.5
Anthracane NO
Phenanthrens 260 a0 77
C1-Phenanthrenes/anthracenes 630 00 5
G2-Phenanthreanes/anthracenes 790 740 54
C3-Phenanthrenes/anthracenes 540 840 0
Gd-Phenanthrenes/anthracenes 410 330 R4
Dibenzothiophans 230 240 4.2
C1-Dibenzothiophenes 480 500 o4
C2-Dibenzothlophenes 840 740 .14
C3-Dibenrethlophenes 550 660 =11
Fluaranthens ND

Pytena 12 14 14
C1-Fluoranthenes/pyrenes 85 83 R4
C2-Fluorantheénes/pyrenes 160 150 [
C3-Fluaranthenesipyrenes 180 170 &8
Benzo[alanthracene ND

Chrysene 44 49 -10
C1.Chrysanss L] 84 48
C2-Chrysenes 100 110 81
G3-Chrysenes 1190 g2 20
C4-Chrysones 84 7% 12
Ranza(h]finaranthens & J €6 -01
Benzo[k]fluaranthene ND
Banzo[e]pyrene 12 12 ¢
Benzo[a]pyrene ND

Perylene ND
Indeno(1,2,3,-¢,d)pyrene ND

Pibenzol{a h]anthracene NOD
Benzo(g,h,l|perylene NG
%dd-Naphthalsne 110
%d10-Acenaphthene 104
%d10-Phenanthrene 100
“%d12-Benzolalpyrene 2]]
kk.Teseoro.1-3723.1/3/99 Page 9 of 10 Tesopah xls: NSC



Arthur 0, Little

Environmertat Monitonng and Analysis Unit

Project Title : Tesoto
Data Package; BO301

Data Table: PAH - SRM - Surrogate Corrected

Field 1D

Lab 1D

L.ab Batch

File

Sample Type
Weight Basis
Matrix

Sample Size
Percent Moisture
Asscciated Biank
Fleld Date
Extract Date
Analysis Date
Min Reporting Limit
Units

Naphthalene
Cl-Naphthalenes
Ca-Naphthalenes
C3-Naphthalenes
C4-Naphthalenes
Acenaphthylens
Acenaphthene

Biphenyi

Fluorene

Gi-Fluorenes
C2-Fluarenss
Ci-Fluarenes

Anthracene

Phenanthrene
C1-Phenanthrenesfanthracenes
C2-Phenanthrenesfanthracenes
C3-Phenanthrenesfanthracencs
C4-Phananthrenes/anthracensa
Dibenzathiophene
C1-Dibenzothiophenas
C2.Dibenzothiophanes
C3.Dibenzothiophanes
Fluoranthene

Pyrene
Ci-Fluoranthenes/pyrenas
C2-Fluosranthenea/pyrenes
C3-Fluoranthenes/pyrenes
Benzola]anthracene
Chrysene

C1.Chryzenes
C-Chrysenes
Ci-Chrysenes
C4-Chrysenes
Benzolblflueranthene
Benzalklfuoranthens
Benzolelpyrene
Benzofa]pyrens

Faryleng
indeno[,2,3,c,d]pyrene
Dibenzofa,hlanthracene
Benzo[g.h,ijperylene

%d8-Naphthaleng
%d10-Acenaphthene
*%d10-Phenanthrene
%d12-Benzofa]pyrene

kk. Tesora. 1-3723.1/3/%3

1974a

CA-S-215RM PCA

BO301
DZ5477.D
SAMP
DRY
TISSVUE
1.88 g

NA
CA-S5-20PB PCA
NA
12/08/98
12117/98
30

ugiKg T

184 235
13 .
ND
ND
ND
LI
74
56
834
ND
ND
NO
6J 61
30 22
68
140
200
220
8.5
38
120
160
150 164
140 152
160
140
100
62 26
94 949
110
100
ND
ND
80 484
199 202
110 84
97 158
2 J 7.68
234 142
18
51 22

a2
87
89
79

Page 10 of 10

%D

23

330
L

44
-7.8

80
-1

72
6.8
N
140

62

130

Q

Draft

Tesopah, xis; $RM



E N T R [ X Chemistry Data Quality Review Form
Revision 3.2

May 18, 1993

Page | of 3

PROJECT NAME: _ S%b\ L ¢ é;f;}(( - Vere SAMPLING EVENT: /a3 /95 4 1l /a-2/5% ap‘.hf

PROJECT NUMBER: 2 O TASK NUMBER: & 000
LABORATORY:___ D] - +le REPORTID:__ R O30 |
ENTRIX CONTACT: JLLM\ Ne d ot REVIEWER: Jc.,uiu M ¢ de{ =

DATE COMPLETED: l,LIA[@L& SIGNATURE: %/\59-‘4 WK

SAMPLE INVENTORY

ANALYSIS | Method | Matrix | lasteumen- | Data Total# | #of | Date(s) | Total #of | #trip blanks
tation units of trip collected samples analyzed
reported | samples | blanks unalyzed

Adbaladedtoml £68 2xto| disauel GC/MS _uéa/kﬁ) v MO A3 ahsny (B pofh

Notes:
B REPORT CONTENT
Yes No NA
¥y Isthere a signawre and title of the person accepiing responsibility for the repor? %] 1
2) Has the laboratory submitied an electronic copy of the data? X ]
3} Areall report pages humbered (including total number of pages or indicaticn of |ast e |
report page)?
4)  Are all pages of the report legible? ] ]
5} s there alegend for sample data qualifiers? ] Kl [l
6) s chain of custody documentation included in the repor? (X ]
7)  Was a [aboratory sample receiving/integrity report included in the report? |51 0
Any noted problems?
8) Were samples properly preserved for the particular matrices and analyses? W | M
9)  Were sample collection procedures performed as described {n project documenis? E] | ]
10) Do receipt dates match chain of custody documentation? E\ ™




REPORT ID; Bobo |

1) Have all requested analyses been conducted?

12) Have all analyses been conducted by this laboratory?
If No, which?

13) Are all dates (i.e., collection date(s), reeetpt-datetsyy extraction date(s) analysis date(s),
reportimgtutes;-etesd, listed for all samples and consistent throughout the report?
Idemify amissions and inconsistencies on pagel(s)

14} Were all specified sample holding times met?
{f no, which?

15) s sample identification consistent throughow the repon?
Cirele inconsistencies and identify pages

16) Are test methods listed for each analysis?

17Y Are the test methods listed appropriate for the requested analysis?

18) Were the test methods project specific oor standard? Circle Choice
19) Are complete results reported for each analysis?

20) Are resulis reported with a consistent and appropriate number of significant figures?
21} Are results reporied using appropriate concentration units?

22y Are MDLs or PQLs reported (or on record) for each analysis?

23) Have data below MDL or PQL been correctly qualified?
If not, ldentify data with a check mark ()

24) Have data above the MDL or PQL been correctly left unqualified?
fdentify data with asterisks (*)

23} Have the required Matrix QU samples been analyzed?

One trip blank per sample se1?

One field blank per sample set?

One field replicate per 20 samples or sample sat?

One equipment rinsate blank per 20 samples or batch, whichever is more frequent?

One lab reagent or procedural blank per extraction batch or change in reagenis?

oo R o

more frequent?

G, One Matrix Spike Duplicate (MSD) or Blank Spike Duplicate per 20 samples or
batch, whichever is more frequent?

H.  One laboratory duplicate per 20 samples or batch, whichever is more frequent?

I, Qne SRM or QC check standard per 20 samples or batch, whishever is more
frequent?

J. One Continuing calibration standard per 20 samples or batch, whichever is mare
trequent?

K. Other (Define)

One Matrix Spike (MS) or Blank Spike sampls per 20 samples or batch, whichever is

26) Do the concentrations of &ll analytes in blanks fall below 1DL, MDL, or{PQL) (circle
applicable) for all parameters?
If no, explain Nac\m\mlm ez nk DR H.S/kﬁ

Chemistry Data Quality Review Form

ko o B & R3

R ORERDNNR

00 O KO B BOXOO

No

O OO

o O O

0 O0OD00o0o

0 o4 g oDgocogoogod

KT

Revision 3.2

May 18, 1998

Page 2 of 3

NA

=
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REPORT 1D:____BoRo|

27) Were surrogates used where appropriate?

Identify analvses__ AL Lot r’\r\rk all Lab ar 4:‘7&(‘\(\(\[«"5

28) Do surrogate recaveries meet acceptance criteria (accuracy)?

Chemistry Data Quality Review Form

Yes

i

Acceptance criteria dB-Nooh» 25- 125% - d10- Ace £ d10-Fha : 4o QT Babs vto-125%

If no, note exceptions and qualify appropriately

29} Do percent recoveries for Matrix Spike/ Matrix Spike Duplicate (MS/MSD) meet
acceptance criteria (accuracy) for the test method/sample matrix?

Acceptance criteria A0S0 % vemenk

30} Do the Relative Percent Differences (RPDs) for MS/MSD meet acceptance criteria
(precision) for the test method/sample matrix?
Acceptance eriteria & AE

31% Do percent recoveries for laboratory conteol spikes (1.08) meet acceptance criteria
(accuracy) for the test method/sample matrix?
Acceplance criteria

32) Do the Relative Percent Difference (RPDa) for laboratory duplicate pairs meet acecptanse
criteria (precision) for the test method/sample matrix?
Acceplance criteria

33) Do the Reiative Percent Difference (KPLs) tor hield (bhnd) duplicate pairs meet
acceptance criteria (precision) for the test method/sample matrix?
Acceptance criteria

34) Are SRM/Laboratory check standard recoveries within acceptance criteria for the test
method/sample matrix?

Acceptance criteria_$R¥A KA E\E% - eRyh 1t isene) T B5%

Circle exceptions
33) Is the discussion of any report variance consisten? with the data reported?

36) Is the data package free of deviations from, additions te, or exclusions from the test
method. and any other information relevant to a specific test?
Notes

37) Have all qualified data been completely/correctly identified?
If not, dara on which page

38) Is the quality of the data package acceptable without revisions by the laboratory?
[f no, attach corrective action supimary
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[ QUALIFIERS ASSIGNED BY ENTRIX

Data qualified with a U indicates that the value reported for the sample is less than 3 times the amount of that analyte detected in the
blank. The U qualifier was applied to the data according to USEPA Contract Laboratory Program (CLP) protocol as follows:
1. Ifthe level of an analyte reported in the sample is greater than the MDL for that analyte in that sample, a U is placed next to the

sample result if it 15 less than 5 times the level in the blank.

2. [fthe level reported in the sample is less than the MDL (qualified by the laboratory with a J) and less than 3 times the level in the
blank, the sample result and J qualifier are crossed out and replaced with the MDL for that anaiyte in that sample followed by ().
Sampte results that exceed the MDL and are greater than 3 times the level in the blank are not qualified.

Others:
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