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Executive Summary
This report presents a site-specific Terrestrial Ecological Evaluation (TEE) performed
by Camp Dresser & McKee, Inc. on behalf of King County at the Ellisport Creek
Greenspace Project site on Vashon Island, Washington. Site assessment work has
identified elevated concentrations of Bunker C-range petroleum hydrocarbons from
former industrial use of the property. The Model Toxics Control Act (MTCA) specifies
that sites located in an area where management or land use plans will maintain or
restore native or semi-native vegetation (e.g., greenbelts and protected wetlands)
require a site-specific TEE under WAC 173-340-7493. The goal of this site-specific
TEE is protection of plants and animals from exposure to environmental
contamination at levels likely to cause significant adverse or toxic effects. Because the
contamination includes Bunker C oil, for which ecotoxicity data are not available, sitespecific toxicity testing in the form of biological assays (bioassays) was selected in
consultation with the Washington State Department of Ecology (Ecology) as most
effective means of determining risks to selected ecological receptors.
The primary components of the TEE are Problem Formulation, Toxicity Assessment,
and Risk Characterization (which integrates exposure and toxicity information). The
Problem Formulation portion of the TEE compared detected chemicals in surface
water, freshwater and marine sediment, and soil to ecological screening levels (ESLs)
established for those chemicals. The ESLs, along with the bioassay results, are used to
assess potential toxicity. ESLs represent the threshold exposure to a chemical beyond
which adverse effects are likely; chemicals exceeding established ESLs are identified
as chemicals of potential concern (COPCs). A hazard quotient is then established for
each COPC by dividing the maximum detected concentration of each contaminant by
its ESL, and those chemicals with a resulting hazard quotient greater than 1.0 are
identified as COPCs warranting further evaluation in the TEE. Final COPCs included
Pyrene in surface water and arsenic, lead, Bunker C and several Polycyclic Aromatic
Hydrocarbon (PAH) compounds in soil. A site conceptual exposure model (SCEM)
was developed as the primary output of the Problem Formulation. The SCEM
identifies the major relevant exposure scenarios, or ways in which indigenous plants
and animals come into contact with the contaminants identified at the site. The SCEM
also determines the assessment end points, or ecological values, to be protected (for
this TEE, the establishment and maintenance of healthy and diverse terrestrial,
aquatic and semi-aquatic/wetland ecosystems within the project area); and the
measurement end points, which establish the amounts of contamination that can
remain resident at the site and still permit attainment of the assessment endpoint.
The Toxicity Assessment identified the concentrations of Bunker C oil and other
contaminants that represent a potential for significant adverse impact to plants and
animals at the site. This TEE determined that all COPCs were linked to soil exposure,
making terrestrial plants and terrestrial invertebrates (represented by earthworms)
the two groups at most risk from the soil contamination caused by Bunker C oil and
other COPCs. Soil toxicity values and the potential effects linked to such values were
obtained from existing studies for all identified COPCs except Bunker C oil and used
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with the hazard quotient approach previously described. Of all COPCs identified,
only arsenic, lead and naphthalene produced hazard quotients over 1.0, and none of
those three were considered indicative of significant site-related risk because they
either are not highly bioavailable in soil or were found at a depth beyond the likely
area of significant ecological exposure.
For Bunker C, the absence of ecotoxicity data led to the use of bioassay testing to
determine potential impacts to ecological receptors. Earthworms and lettuce were
used to represent indigenous soil invertebrates and terrestrial plants in laboratory
bioassay tests that measured toxic effects from exposure to samples of contaminated
soil collected at the site. In those tests, exposure of lettuce to even the highest
concentrations of Bunker C contamination produced some reduction of biomass in
surviving seedlings, but no demonstrable toxicity. Earthworm exposure to soil
samples containing the highest concentrations of Bunker C (18,000 mg/kg) produced
a mean survival rate of 26.7%, but exposures at all other test levels produced survival
rates of 80% or higher, and no significant effect at exposures of 6,700 mg/kg or less.
After consulting with Ecology it was agreed that the soil cleanup value for Bunker C
be based on protection of apparently more sensitive soil invertebrates (represented by
earthworm) instead of protection of terrestrial plants. The no effect level of 6,700 mg
Bunker C/kg soil is a conservative threshold at which adverse effects may begin to be
observed in resident soil invertebrates and, as such, would be adequately protective
of soil organisms at the site.
The recommended soil cleanup value for Bunker C is 6,700 mg/kg, based on the
results of the soil toxicity tests with earthworms.
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Section 1
Introduction
This report presents a Terrestrial Ecological Evaluation (TEE) performed by Camp
Dresser & McKee Inc. (CDM) on behalf of King County (the County) at the Ellisport
Creek Greenspace Project site (the site) located on Vashon Island, Washington.
The Model Toxics Control Act (MTCA) specifies that sites located in an area where
management or land use plans will maintain or restore native or semi-native
vegetation (e.g., greenbelts and protected wetlands) require a site-specific TEE under
WAC 173-340-7493. The scope of a site-specific TEE requires consultation with the
Washington State Department of Ecology (Ecology). The goal of the TEE process is
the protection of terrestrial ecological receptors (plants and animals) from exposure to
contaminated soil with the potential to cause significant adverse effects.
CDM initiated a site-specific TEE for the site in 2006 under Work Order No. 20 to
Contract No. E23023E. The scope of the TEE consisted of conducting a literature
survey and evaluation of available site data. TEEs typically do not go beyond the
literature review phase if the level of contamination is unlikely to cause measurable
adverse ecological effects, therefore, a more intensive TEE was not proposed initially.
A more detailed TEE could include site-specific toxicity testing through bioassays,
collection of additional chemical and possibly biological data, and more intensive site
surveys. The preliminary site-specific TEE used information obtained from relevant
literature sources and from information gathered during data evaluation tasks to
begin to determine site-specific concentrations of contaminants in soil that would be
protective of the ecological resources within or associated with the site. For the
purposes of the TEE, ecological resources are defined as the habitats and plant and
animal communities and populations occurring onsite or utilizing the site.
After consultation with Ecology and drafting of the literature review, it became
apparent that a soil cleanup level for Bunker C oil would need to be supported by
either a detailed site survey or bioassay study. A site visit with representative of
Ecology was conducted on January 4, 2007. During the site visit guidance was
received from Ecology indicating bioassay testing as the recommended course of
action since a site survey would be expensive and time consuming. Bioassay is
shorthand commonly used for biological assay and involves use of a biological
organism to test for chemical toxicity. Bioassays replicate the impact of a substance
(in this case Bunker C) on organisms through implementation of a laboratory
experiment. For the Ellisport Creek TEE, Ecology recommended earthworms be used
to replicate the impact on soil-dwelling organisms and lettuce be used to replicate the
impact on plants. The bioassay study and finalization of the site-specific TEE were
performed in accordance CDM’s January 22, 2007 proposal, Work Order No. 1,
Contract No. E00025E and the Ecology-approved Quality Assurance Project Plan
(QAPP) dated May 7, 2007.
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Since the site contains habitat characteristic of wetlands, the TEE scope also included
evaluation of identified aquatic issues such as habitat impairment and potential
effects on aquatic and other water-dependent receptors such as amphibians.
The primary components of the TEE are Problem Formulation (Section 2, which
includes contaminant exposure information), Toxicity Assessment (Section 3), Risk
Characterization (Section 4), and References (Section 5).

1.1 Background
CDM conducted a Phase II environmental site assessment (ESA) at the site in
September 2005 that included collecting soil samples from the near surface and from
test pits for analytical testing. In addition, one sediment sample was analyzed. The
investigation is presented in a report titled Phase II Site Assessment, Ellisport Creek
Greenspace Project Site, Vashon Island, Washington dated December 23, 2005.
The results of the investigation indicate Bunker C-range petroleum hydrocarbons are
present in soil at concentrations exceeding human health-based cleanup levels (MTCA
Method A and Method B). Assessment results suggest that the residual Bunker C is
not an immediate threat to the environment although no site specific TEE or
comprehensive sediment studies were performed. Based on proposed future site use,
the receptor category for the residual Bunker C is sediment/aquatic life. Contaminant
pathways include surface water to sediment and groundwater to sediment, with the
potential for both sediment and surface water exposures to human and ecological
receptors. The report concluded that a site-specific TEE would likely be required to
define risk to the environment from the site.
After consultation with Ecology and stakeholders, a scope for a Supplemental Phase II
ESA was developed that included sediment sampling within Ellisport Creek as well
as in the intertidal zone near the Ellisport Creek discharge point to Tramp Harbor
(Puget Sound), additional soil sampling, and surface water and groundwater
sampling. It was also agreed that a site specific TEE would assist in determining an
appropriate Bunker C cleanup level for the upland portion of the site. The
supplemental investigation was performed in July 2006 and is presented in a report
titled Supplemental Phase II Environmental Site Assessment, Ellisport Creek Greenspace
Project Site, Vashon Island, Washington dated December 21, 2006. The supplemental
investigation results confirm earlier estimates concerning the distribution of Bunker C
contamination in soil at the site. The investigation results also indicate that marine
sediments in Puget Sound adjacent to the upland portion of the site and freshwater
sediments in Ellisport Creek are not adversely impacted by the Bunker C release.

1.2 Project Area Description
The site is mostly naturally restored wetland, and consists of four privately owned
contiguous parcels totaling 8.66 acres of which 5.65 acres are tide land at the
northwest head of Tramp Harbor on the east coast of Vashon Island. The remaining
3.01 acres are mostly wetland bisected by Ellisport Creek. A paved road, Chautauqua
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Beach Road SW, crosses the lower end of the upland property at just above the beach.
Ellisport Creek currently flows under Chautauqua Beach Road through a pair of
culverts approximately 3 foot in diameter.
In the past (between 1920 and 1940) the site housed a lumber mill, a millpond, and a
vegetable greenhouse. Three aboveground storage tanks (ASTs) were on the property,
as were concrete blocks and foundations for the ASTs. The ASTs were removed in the
1960s.
Also important from a soil contamination viewpoint, ASARCO operated a smelter at
Ruston, directly south of Vashon Island, from 1887 to 1985. This was the only
tidewater smelter in the United States and the last to close in Washington. Originally a
lead smelter, the plant was enlarged to handle copper in 1903 and by 1910 lead
smelting had ceased. ASARCO handled ores from Washington, Montana, Oregon,
Alaska, and the Coeur d'Alene mining district in Idaho, as well as from multiple
locations in Latin America and Asia. High silica flux was brought in to aid in the
smelting process. These fluxes were ores of gold, silver, and copper and contained
small amounts of pyrite, calcium-magnesium carbonates, and wall rock such as
feldspars, clays, and micas. In 1902 slag pots were used to remove slag from the
lead/copper furnaces and used to create a synthetic bedrock peninsula around the
site. Later slags were then poured molten over the older slag. Some of the slag has
been exposed to groundwater, saltwater, and oxygen for more than a century. The site
is now undergoing cleanup and closure. It is likely that past emissions from this
facility contribute to elevated concentrations of metals in soil on Vashon Island.

1.3 Data Collection
The data set used in this TEE to characterize current site conditions include surface
water, freshwater sediment, marine sediment, and a variety of soil samples collected
during the 2005 and 2006 investigations. These samples were analyzed for a variety of
chemical constituents, with the list of analytes differing somewhat with the media
sampled and the specific data collection objective. Media quality data collected and
analyzed in 2005 included samples from soil test pits, surface soil, and sediment
(CDM, 2005). The portions of these data relevant to the TEE are summarized in this
document. CDM also collected additional media quality data from the site in summer
2006 (CDM, 2006). These samples included those taken from surface water, freshwater
sediment, marine sediment, surface soil, soil cores, and groundwater. With the
exception of groundwater, these data are summarized and used in this TEE. Soil
utilized for bioassay testing was collected from the site in June 2007 in accordance
with the project QAPP. The bioassays were performed by Nautilus Environmental,
LLC of Tacoma, Washington with the test results delivered to CDM in mid-August
2007.
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The Problem Formulation section of the TEE provides the basis for the evaluation,
and can be viewed as the planning and/or descriptive phase of the process. Exposurerelated information, such as contaminant concentrations in various media, is also
presented in the Problem Formulation section. Therefore, this section identifies
contaminants or chemicals of concern, ecological resources potentially at risk, and
exposure pathways that may be important. An important outcome of Problem
Formulation is the site conceptual exposure model (SCEM), which describes potential
exposure scenarios or pathways, including contaminant sources, transport
mechanisms, exposure media, exposure routes, and receptors. The SCEM provides
descriptions of the relationships between contaminants and ecological receptors, and
further describes how receptors may come into contact with chemical contaminants.

2.1 Chemicals of Potential Concern
Surface water, freshwater sediment, marine sediment, and soil samples were collected
in 2005 and 2006 and analyzed for a wide variety of chemical constituents. Chemicals
detected in these media are further evaluated for additional assessment by comparing
maximum detected concentrations to conservative ecological screening levels (ESLs).
Potentially toxic chemicals for which maximum detected concentrations exceed ESLs
are identified as chemicals of potential concern (COPCs). COPCs warrant full
evaluation in the TEE and are critical components used to derive risk estimates for
ecological resources.
The TEE is used to determine concentrations of major COPCs which would be
protective of ecological resources. More specifically, if these concentrations are not
exceeded then key ecological receptors would be unlikely to suffer adverse effects
related to survival, growth, or reproduction.

2.1.1 Chemicals Detected in Surface Water
A single surface water sample (denoted SW-1) was collected onsite in July 2006. This
wetland water sample was analyzed for polycyclic aromatic hydrocarbons (PAHs)
and Oil as Bunker C, the primary COPCs associated with the source area soils. Of
these, eight individual PAHs and Bunker C were measured at concentrations
exceeding the laboratory detection limits. These detected chemicals are considered
COPCs warranting further evaluation.

2.1.2 Chemicals Detected in Freshwater Sediment
Freshwater sediment samples (denoted FWS-1 and FWS-5) were collected from two
locations onsite in July 2006. These samples were analyzed for total metals, PAHs, ten
miscellaneous organic chemicals (including phthalates), tributyl tin, organochlorine
pesticides, polychlorinated biphenyls (PCBs), conventionals (sulfide and total solids),
and total organic carbon (TOC). Of these, five metals, 13 individual PAHs,
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dibenzofuran, and sulfides were measured at concentrations exceeding the laboratory
detection limits. These detected chemicals are considered COPCs warranting further
evaluation.

2.1.3 Chemicals Detected in Marine Sediment
Marine sediments were collected in July 2006 and analyzed for a variety of chemicals.
Data from this sampling event was used to characterize the chemical constituents in
marine sediments. Marine sediment samples were collected from three locations
onsite (denoted MS-1, MS-2, and MS-3). These samples were analyzed for total
metals, PAHs, 14 miscellaneous organic chemicals (including phthalates), total PCB,
and TOC. Of these, three metals and six individual PAHs were measured at
concentrations exceeding the laboratory detection limits. These detected chemicals are
considered COPCs warranting further evaluation.

2.1.4 Chemicals Detected in Soil
Two soil cores were obtained in July 2006 and analyzed for Bunker C, PAHs, and
TOC. These samples could also be considered sediment as they are intended to help
characterize material that could erode into Puget Sound under a “worst case”
condition after installation of a proposed box culvert to replace the existing culverts
below Chautauqua Beach Drive S.W. Eight individual PAHs and Bunker C were
measured above detection limits. These detected chemicals are considered COPCs
warranting further evaluation.
Surface soil samples were collected in September 2005 and July 2006. Both sets of
samples were analyzed for a wide variety of inorganic and organic chemicals. The
results of the September 2005 surface soil analyses resulted in Bunker C, 16 PAHs, 1methylnaphthalene and 2-methylnaphthalene being present at concentrations
exceeding detection limits. These detected chemicals are considered COPCs
warranting further evaluation. In 2006, analytes included numerous organochlorine
and organophosphorus pesticides, Bunker C, and arsenic, cadmium, and lead. The
analyses of the three surface soil samples (S19, S20, and S21) in the July 2006
investigation revealed that lead was detected in all three samples and arsenic and
cadmium were also detected in one of the three samples. These detected chemicals
are considered COPCs warranting further evaluation. No pesticides were detected
and none are COPCs warranting further evaluation.

2.1.5 COPC Screening
All chemicals measured at concentrations exceeding laboratory detection limits are
subjected to a screening based on comparisons of detected concentrations to
conservative ESLs. ESLs are described below, by media.
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2.1.5.1 Surface Water ESLs
Two ESLs are used for surface water. These are listed in order of preference:


Lowest of the Lowest Chronic Value (LCV) for fish, daphnids, and aquatic plants
(Suter and Tsao, 1996)



Interim Guideline, Canadian Water Quality Guideline for the Protection of
Aquatic Life (CCME, 2002)

2.1.5.2 Freshwater Sediment ESLs
The single source of freshwater sediment ESLs is Table 3-3, Apparent Effects
Threshold (AET) produced by Avocet Consulting (2003) and recommended for use by
Ecology.

2.1.5.3 Marine Sediment ESLs
The single source of freshwater sediment ESLs is Table 1, WAC Chapter 173-204,
Sediment Management Standards, as recommended by Ecology.

2.1.5.4 Soil ESLs
Three ESLs are used for soil, listed in order of preference:


Table 749-3, MTCA, Chapter 173-340-WAC



EPA Region 5 ESL, RCRA Program
o



This source is preferred over other EPA regional sources because the database
for soil contaminants is much more extensive than other EPA sources.

Soil Cleanup Criterion for Oil and Grease for Decommissioning Industrial Sites in
Ontario, Canada (Richardson, 1987 in USFWS, 1990)
o

This source is used because toxicity-based data are lacking for Bunker C and
related petroleum mixtures for soil

Tables 1 through Table 3 present the maximum detected concentrations of
contaminants, the selected ESLs, and the resulting screening level hazard quotients or
HQs. As used in this TEE, HQs are the maximum detected exposure concentrations of
a contaminant divided by the selected chemical-specific ecological screening
concentration or ESL.
Hazard Quotient (HQ) = exposure concentration / screening level concentration
These data are used to derive a list of COPCs that warrant further evaluation, based
on chemicals detected at concentrations resulting in screening level HQs greater than
1.0.
Tables 1 through Table 3 present the results of the screening of the chemicals
detected in surface water (Table 1), marine sediment (Tables 2a and 2b), freshwater
sediment (Table 2c), soil cores (Table 3a), surface soil (2006, Table 3b; 2005, Table 3c).
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Table 1. Surface Water Contaminants
(Sample SW-1 collected on 7/26/06)
Surface Water
Max Det
a

Analyte
Oil as Bunker C
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b) fluoranthene
Benzo(g,h,i)perylene
Chrysene
Dibenz(a,h)anthracene
Indeno(1,2,3-cd)pyrene
Pyrene

µg/L
5,600
0.11
0.16
0.054
0.13
0.17
0.02
0.036
0.4

ESL

ESL

HQ

ECO

µg/L
NV
0.65
0.30
NV
NV
NV
NV
NV
0.025

Source
NA
1
1
NA
NA
NA
NA
NA
2

max/ESL
NA
0.17
0.53
NA
NA
NA
NA
NA
16.0

COC?
Unknown
NO
NO
Unknown
Unknown
Unknown
Unknown
Unknown
YES

Notes:
a) All other analytes (PAHs) measured at less than detection limit (0.094 µg/L).
ESL - Ecological Screening Level.
HQ - Hazard Quotient (max det / ESL), HQ>1 indicates risk.
NV - No Value (no value available from any source consulted (e.g., EPA, WA DOE, CCME,
ORNL, etc.).
µg/L – Micrograms per liter.
ESL Source:
1) Lowest of lowest chronic value (LCV) for fish, daphnids, and aquatic plants (Suter and Tsao
1996).
2) Interim guideline, Canadian Water Quality Guideline for Protection of Aquatic Life (CCME
2002).
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Table 2a. Marine Sediment Contaminants (2006)
(Samples MS-1 through MS-3 collected on 7/25/06)
Marine Sediment
Analyte

a

Chromium
Copper
Zinc

Benzo(a)anthracene
Benzo(a)pyrene
Chrysene
Fluoranthene
Pyrene
Total
Benzofluoranthenes
Total HPAH

c

Max Det
mg/kg
OC
NA
NA
NA

ESL
mg/kg
dw
260
390
410

0.00982
0.00982
0.00982
0.00982
0.00982

Max Det
mg/kg
OC
0.88
1.02
2.24
3.16
2.55

ESL
mg/kg
OC
110
99
110
160
1000

0.00982
0.00982

2.14
12.02

230
960

Max Det
mg/kg
dw
26
8.9
27

Fraction

Max Det
mg/kg
dw
0.0086
0.010
0.022
0.031
0.025

Fraction

0.021
0.118

TOC

b

NA
NA
NA

TOC

b

c

HQ

ECO

max/ESL
0.10
0.023
0.066

COC?
NO
NO
NO

HQ

ECO

max/ESL
0.000078
0.00010
0.00020
0.00019
0.000025

COC?
NO
NO
NO
NO
NO

0.000091
0.00012

NO
NO

Notes:
a) All other analytes measured at less than detection limit.
b) Fraction TOC = mg/kg/106 (value associated with location of max. detect).
c) From WAC Chapter 173-204, Sediment Management Standards, Table 1.
ESL – Ecological Screening Level.
HQ – Hazard Quotient (max. cet. / ESL), HQ>1 indicates risk.
mg/kg – Milligrams per kilogram.
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Table 2b. Sediment Contaminants (2005)
(Sample EC-SS collected on 9/21/06)
Marine Sediment
Analyte

a

Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b) fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Chrysene
Dibenz(a,h)anthracene
Fluoranthene
Indeno(1,2,3-cd)pyrene
Phenanthrene
Pyrene
Total LPAH
Total HPAH

Max Det
mg/kg
dw
0.058
0.053
0.70
2.8
0.76
3.1
0.079
1.3
0.56
0.098
0.8
0.048
1.3
0.159
11.5

Fraction
TOC

b

0.145
0.145
0.145
0.145
0.145
0.145
0.145
0.145
0.145
0.145
0.145
0.145
0.145
0.145
0.145

Max Det
mg/kg
OC
0.40
0.37
4.83
19.31
5.24
21.38
0.54
8.97
3.86
0.68
5.52
0.33
8.97
1.10
79.31

c

ESL
mg/kg
OC
66
220
110
99
230
31
230
110
12
160
34
100
1000
370
960

HQ

ECO

max/ESL
0.0061
0.0017
0.044
0.20
0.023
0.69
0.0024
0.082
0.32
0.0042
0.16
0.0033
0.0090
0.0030
0.083

COC?

NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO

Notes:
a) All other analytes measured at less than detection limit.
b) Fraction TOC = mg/kg / 106 (value associated with location of max detect).
c) From WAC Chapter 173-204, Sediment Management Standards, Table 1 (ESL for
benzo(b,k)fluoranthene based on total benzofluoranthenes).
ESL - Ecological Screening Level.
HQ - Hazard Quotient (max det / ESL), HQ>1 indicates risk.
mg/kg - Milligrams per kilogram.
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Table 2c. Freshwater Sediment Contaminants (2006)
(Samples FWS-1 and FWS-2 collected on 7/25/06)
Freshwater Sediment
Analyte

a

Chromium
Copper
Lead
Nickel
Zinc
Acenaphthene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Chrysene
Dibenzofuran
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
Phenanthrene
Pyrene
Sulfide
Total HPAH
Total LPAH

Max Det
mg/kg
dw
31
14
11
33
45
0.150
0.110
0.180
0.043
0.096
0.013
0.026
0.150
0.120
1.2
0.240
0.013
1.0
0.64
3.29
2.361
1.5

Fraction
TOC

b

NA
NA
NA
NA
NA
0.00458
0.00458
0.00458
0.00458
0.00458
0.00458
0.00458
0.00458
0.00458
0.00458
0.00458
0.00458
0.00458
0.00458
0.00753
0.00458
0.00458

Max Det
mg/kg
OC
NA
NA
NA
NA
NA
32.75
24.02
39.30
9.39
20.96
2.84
5.68
32.75
26.20
262.01
52.40
2.84
218.34
139.74
436.92
515.50
327.51

c

ESL
mg/kg
dw
95
619
335
53.1
683
1.06
0.47
4.26
3.3
11
4.02
11
5.94
0.399
11.1
1.07
4.12
6.1
8.79
702
NA
NA

HQ

ECO

max/ESL
0.326
0.023
0.033
0.621
0.066
0.142
0.234
0.042
0.013
0.009
0.003
0.002
0.025
0.301
0.108
0.224
0.003
0.164
0.073
0.0047
NA
NA

COC?

NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NA
NA

Notes:
a) All other analytes measured at less than detection limit.
b) Fraction TOC = mg/kg / 106 (value associated with location of max detect).
c) From Avocet Consulting, 2003 (Table 3-3, Apparent Effects Threshold).
ESL - Ecological Screening Level.
HQ - Hazard Quotient (max detect / ESL), HQ>1 indicates risk.
mg/kg - Milligrams per kilogram.
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Table 3a. Soil Contaminants (Soil Core Data)
(Samples FWS-3 and FWS-4 collected on 7/25/06)
Soil Core
a

Analyte
Oil as Bunker C
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Chrysene
Dibenz(a,h)anthracene
Indeno(1,2,3-cd)pyrene
Pyrene
Total HPAH

Max Det
mg/kg
dw
580
0.023
0.13
0.038
0.22
0.049
0.022
0.051
0.052
0.563

Lowest ESL

ESL

HQ

ECO

mg/kg dw
10,000
5.21
12
59.8
119
4.73
18.4
109
78.5
NA

Source
3
2
1
2
2
2
2
2
2
NA

max/ESL
0.058
0.0044
0.011
0.00064
0.0018
0.010
0.0012
0.00047
0.00066
NA

COC?
NO
NO
NO
NO
NO
NO
NO
NO
NO
NA

Notes:
a) All other analytes measured at less than detection limit.
ESL - Ecological Screening Level.
HQ - Hazard Quotient (max det / ESL), HQ>1 indicates risk.
mg/kg - milligrams per kilogram.
ESL Source:
1. Lowest of Ecological Indicator Soil Concentrations for Protection of Terrestrial Plants, Soil
Biota, or Wildlife (Table 749-3, Chapter 173-340WAC).
2. EPA Region 5 ESL, RCRA program, August 2003.
3. Soil cleanup criterion for oil and grease for decommissioning industrial sites in Ontario,
Canada (Richardson 1987 in USFWS 1990).
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3b. Soil Contaminants (Surface Soil 2006)
(Samples S14 through S21 collected on 7/26/06)
Surface Soil
Analyte
Arsenic
Cadmium
Lead
Oil as Bunker C

a

Max Det
mg/kg
dw
22
0.73
120
830

Lowest ESL

ESL

HQ

ECO

mg/kg dw
7
4
50
10,000

Source
1
1
1
3

max/ESL
3.1
0.18
2.4
0.083

COC?
YES
NO
YES
NO

Notes:
a) All other analytes measured at less than detection limit.
ESL - Ecological Screening Level.
HQ - Hazard Quotient (max det / ESL), HQ>1 indicates risk.
mg/kg - Milligrams per kilogram.
ESL Source:
1. Lowest of Ecological Indicator Soil Concentrations for Protection of Terrestrial Plants, Soil
Biota, or Wildlife (Table 749-3, Chapter 173-340WAC). ESL for As based on As III per
guidance.
2. EPA Region 5 ESL, RCRA program, August 2003.
3. Soil cleanup criterion for oil and grease for decommissioning industrial sites in Ontario,
Canada (Richardson 1987 in USFWS 1990).
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3c. Soil Contaminants (Surface Soil 2005)
(Samples EC-S1 through EC-S13 and TP-7 through TP-14 collected on 9/21/05 and
9/22/05)
Surface Soil
b

a

Analyte
Oil as Bunker C
1-Methylnaphthalene
2-Methylnaphthalene
Acenaphthylene
Acenaphthene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Chrysene
Dibenz(a,h)anthracene
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene

Max Det
mg/kg
dw
44,000
40
60
1.1
6.4
13.0
11
7.0
2.8
4.6
0.025
15
0.027
6.2
12
1.3
7.4
63
50

Lowest ESL

ESL

HQ

ECO

mg/kg dw
10,000
3.24*
3.24
682
20
1,480
5.21
12
59.8
119
148
4.73
18.4
122
30
109
0.0994
45.7
78.5

Source
3
2
2
2
1
2
2
1
2
2
2
2
2
2
1
2
2
2
2

max/ESL
4.4
12.3
18.5
0.0016
0.32
0.0088
2.1
0.58
0.047
0.039
0.00017
3.2
0.0015
0.051
0.40
0.012
74.4
1.4
0.64

COC?
YES
YES
YES
NO
NO
NO
YES
NO
NO
NO
NO
YES
NO
NO
NO
NO
YES
YES
NO

Notes:
a) Includes surface samples and test pit samples (0-6 feet bgs). Deeper test pit data (>6 feet bgs)
not included (limited ecological exposure potential).
b) All other analytes measured at less than detection limit.
ESL - Ecological Screening Level.
HQ - Hazard Quotient (max det / ESL), HQ>1 indicates risk.
ESL Source:
1. Lowest of Ecological Indicator Soil Concentrations for Protection of Terrestrial Plants, Soil
Biota, or Wildlife (Table 749-3, Chapter 173-340WAC).
2. EPA Region 5 ESL, RCRA program, August 2003. ESL for 1-methylnaphthalene based on
ESL for 2-methylnaphthalene.
3. Soil cleanup criterion for oil and grease for decommissioning industrial sites in Ontario,
Canada (Richardson 1987 in USFWS 1990).
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2.1.5.5 Final COPCs
The final COPCs that warrant further evaluation in this TEE are presented below, by
media type.
Final COPCs
Surface
Water

Freshwater /
Marine Sediment

Pyrene

(none)

Soil
Arsenic, lead, Bunker C, 1-methylnapthalene, 2-methylnapthalene,
benzo(a)anthracene, chrysene, naphthalene, phenanthrene

2.1.5.6 Bioaccumulation Potential of Final COPCs
Risks to upper trophic level receptors (e.g., birds or mammals) are considered
indirect, because the primary exposure is via ingestion of contaminated prey (and, to
a lesser degree, ingestion of contaminated surface water and solid media). The risks
associated with dietary exposure are discussed below, based on evaluation of
bioaccumulation potential of contaminants. Quantitative food web modeling was not
warranted in this TEE.
None of the organic COPCs identified above are expected to accumulate in upper
trophic level animals because the bioaccumulation potential of all is low. PAHs are
not accumulated in many types of animals and microorganisms because PAHs are
often metabolized to degradation products. Most studied vertebrates and crustaceans
have the enzymes necessary for metabolic activation (Statham et al., 1976; Varansi et
al., 1980; Fabacher and Baumann, 1985; all in Eisler, 1987). In addition, the
bioaccumulation potential of PAHs that are not well-studied, such as 1- and 2methylnaphthalene, is predicted to be low, based on log Kow (Kow is known as the
octanol/water partition coefficient). The log Kow of both of these methylnaphthalenes
is 3.72 (ECOSAR, 2006) and the equation of Veith and Kosian (1982) predicts
bioconcentration factor or BCF from log Kow, as follows:
Log BCF = 0.79 log Kow – 0.40 (Veith and Kosian, 1982)
Log BCF – 0.79 (3.72) – 0.40 = 2.54
BCF = 346
EPA (1991) generally considers BCFs less than 1,000 to be low and bioaccumulation in
aquatic biota is not expected. Although aquatic BCFs cannot be used to estimate
bioaccumulation in soil biota (both methylnaphthalenes are soil COPCs only), they
can be used to generally describe the potential for chemicals to be accumulated by
biota. There is no evidence that methylnaphthalenes are accumulated to any
significant degree by upper trophic level biota.
Arsenic and lead, both soil COPCs, can accumulate in plants, soil invertebrates, and to
some degree in upper trophic level biota. Both arsenic and lead are not highly
bioavailable in soil, and therefore neither is expected to accumulate to a significant
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degree in most biota. More specifically for this TEE, both arsenic and lead have been
detected at concentrations in soil that are similar to background concentrations.
Although soils in the western U.S. often contain elevated As concentrations relative to
the eastern U.S., it may be more important that ASARCO once operated a smelter just
south of Vashon Island and this historical condition probably contributes to the
relatively higher As and Pb (and possibly other metals) concentrations in soil samples
(Public Health – Seattle & King County, 2000). Finally, it is expected that remediation
of the primary source area soils for Bunker C will result in remediation of the
relatively more minor soil COPCs (e.g., methylnaphthalenes). For these reasons, this
TEE does not further evaluate risks related to bioaccumulation of COPCs and instead
focuses on the potential effects of direct contact exposures for terrestrial plants, soil
invertebrates, and aquatic biota that may be exposed to contaminants transported
from the source area.

2.2 Site Conceptual Exposure Model (SCEM)
The site conceptual exposure model (SCEM) is the primary output of the Problem
Formulation. The SCEM presents the major exposure scenarios relevant to ecological
receptors for this site. The SCEM (shown on the following page) focuses on the
complete and significant exposure scenarios relevant to this TEE (shown with bold
type), and these are used to help develop a series of testable null hypotheses for the
site. Null hypotheses are used to test assumptions regarding relationships between
contaminants and receptors. The null hypotheses for this site are presented below.
1. The levels of site-related contaminants in onsite surface soils are not sufficient
to adversely affect the survival, growth, or reproduction of terrestrial plants
within the site boundaries
2. The levels of site-related contaminants in onsite surface soils are not sufficient
to adversely affect the survival, growth, or reproduction of terrestrial
invertebrates within the site boundaries
3. The levels of site-related contaminants in onsite surface waters and/or
sediments are not sufficient to adversely affect the survival, growth, or
reproduction of aquatic invertebrates
4. The levels of site-related contaminants in onsite surface waters and/or
sediments are not sufficient to adversely affect the survival, growth, or
reproduction of fish
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Site Conceptual Exposure Model (SCEM)
Primary
Source

Primary
Release
Mechanism

Secondary
Source

Secondary
Release
Mechanism

Exposure
Medium

Exposure
Route

Potential
Receptor

Wind Erosion

Dust

Fugitive Dust
Generation

Particulates in
Air

Inhalation

Terrestrial
Animals

Soil

Direct Contact
/ Ingestion

Terrestrial
Plants, Soilassociated
Animals

Direct Contact
/ Ingestion

Benthic and
Water Column
Invertebrates,
Larval
Amphibians,
Fish

Direct Contact
/ Ingestion

Benthic and
Water Column
Invertebrates,
Larval
Amphibians,
Fish

Ingestion

Herbivorous,
Insectivorous,
Piscivorous,
and
Carnivorous
Birds and
Mammals

Direct Release
/ Spills

Infiltration /
Leaching

Soil

Groundwater

-

Seepage /
Recharge /
Discharge

Surface Water
/ Sediment

Contaminants
in Soil
Surface
Runoff /
Erosion

Biotic Uptake

Surface Water
/ Sediment

Biota

-

Uptake by
Plants /
Animals

Surface Water
/ Sediment

Plants, Prey

Significant and complete pathways and components shown in bold type
Receptors shown in bold type indicate adequate data exist for assessment

The SCEM presents the most important terrestrial and aquatic exposure pathways for
representative ecological receptors exposed to site-related COPCs. These pathways
indicate how the ecological resources can co-occur or come in contact with COPCs,
and include contaminant sources, fate and transport processes, and exposure routes.
Some exposure pathways considered relatively minor (e.g., inhalation) are not
evaluated in this TEE, but are shown in recognition of the completeness of this
pathway.
This TEE is focused primarily on assessing community- and population-level risks in
representative receptors associated with site-related contamination in the following
media:


Surface soil (terrestrial biota, especially plants and soil invertebrates),



Sediment (bottom-dwelling aquatic biota, especially benthic invertebrates), and



Surface water (aquatic biota, especially water-column biota such as salmonid fish).
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The risks associated with these exposure media (i.e., soil, sediment, and surface water)
can be direct or indirect. Direct risks include those based on exposures to
contaminated abiotic media. Direct risks can include, for example, direct contact with
and uptake of soil contaminants by terrestrial plants; direct contact with and ingestion
of soil or sediment or pore water contaminants by terrestrial or aquatic invertebrates;
and direct contact and ingestion of surface water by fish.

2.2.1 Complete and Significant Exposure Pathways
Complete and significant exposure pathways warranting assessment in this TEE are
identified below:


Risks to terrestrial plants due to direct contact with and uptake of soil COPCs



Risks to terrestrial soil-dwelling invertebrates, represented by earthworms, due to
direct contact with and ingestion of soil COPCs



Risks to benthic aquatic biota, represented by benthic macroinvertebrates, due to
direct contact with and ingestion of sediment COPCs



Risks to water-column animals, represented by fish, due to direct contact with and
ingestion of surface water COPCs

2.3 Assessment and Measurement Endpoints
This section introduces, defines, and discusses appropriate assessment and
measurement endpoints for evaluating potential ecological effects associated with
exposures to identified COPCs.

2.3.1 Assessment Endpoints
Assessment endpoints identify the ecological values to be protected (e.g., abundance
and diversity of soil-dwelling invertebrates in onsite surface soils). Assessment
endpoints are directly related to remedial action goals and objectives determined for
the site. Appropriate assessment endpoints are developed by risk assessors and often
consider guidance from relevant regulatory agencies.
TEE-related remedial action goals and objectives for the site that have been generally
determined by Ecology include:


The establishment and maintenance of a healthy and diverse terrestrial ecosystem
within the project area.



The establishment and maintenance of a healthy and diverse aquatic and semiaquatic/wetland ecosystem within the project area.

The TEE is designed to support decisions related to these preliminarily identified
general remedial action goals and objectives. This support consists of selecting
appropriate assessment endpoints and evaluating risks related to these endpoints.
Assessment endpoints are described as explicit expressions of the environmental
variable(s) that are to be protected. For the purpose of expressing assessment
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endpoints, “onsite” refers to the area within the site boundaries. Also of concern, but
considered “offsite” are areas adjacent to the site that may be impacted by site-related
activities or conditions. The characteristics of the COPCs, toxic mechanisms, exposure
pathways, and relevant receptors were used to select the following assessment
endpoints:


Sufficient rates of survival, growth, and reproduction to sustain populations of
native terrestrial plants with the potential to occur onsite



Sufficient rates of survival, growth, and reproduction to sustain populations of
soil-dwelling invertebrates with the potential to occur onsite



Sufficient rates of survival, growth, and reproduction to sustain populations of
aquatic macroinvertebrates in the surface waters onsite



Sufficient rates of survival, growth, and reproduction to sustain populations of
fish in the surface waters onsite

It is assumed that the protection of the aforementioned receptors would be associated
with the protection of other sensitive organisms or receptors for which toxicity data
are lacking. For example, terrestrial plants are assumed to be among the most
important receptors for this site because they provide important cover and in some
cases foraging for a wide variety of wildlife not assessed directly in this TEE. The
selected receptors or receptor groups include those that are components of all the
major routes of exposure relative to this assessment.

2.3.2 Measurement Endpoints
Assessment endpoints are often difficult to measure or evaluate directly. For example,
we cannot predict with certainty the critical concentration of lead in site surface soil
that allows survival and successful reproduction of earthworms and wildlife that
consume earthworms. Such critical concentrations are site-specific and depend on
innumerable factors. Some of these factors include soil chemical and physical
characteristics (which affects bioavailability), foraging behavior and dietary
requirements of both prey species and consumer species, and chemical interactions
(i.e., synergistic, antagonistic, or additive).
Measurement endpoints are quantitative expressions of observed or measured
biological responses to stressors relevant to selected assessment endpoints. For
example, earthworm survival, growth, and reproduction (assessment endpoints) can
be evaluated using toxicity data based on appropriate measurement endpoints, such
as the concentration of lead in surface soil that reduced earthworm survival, growth,
or reproduction in laboratory toxicity tests. In this example, concentrations of lead in
site surface soil would serve as the measurement endpoint.
This example expresses the relationship between a relevant measurement endpoint
(concentration of lead in surface soil) that is directly related to the assessment
endpoints of earthworm survival, growth, and reproduction. Measurement endpoints
selected for this TEE are based on information from appropriate literature sources
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and, where data allow, site-specific abiotic and biological data. Toxicity data that
serve as measurement endpoints in this TEE are described in Section 3, Toxicity
Assessment. Toxicity information for Bunker C is presented in Section 4.
Ecologically significant effects are defined here as those affecting survival, growth, or
reproduction of important receptors. Other endpoints such as effects on behavior or
histopathological effects are not considered as useful because these cannot be easily or
confidently linked to ecologically significant endpoints that can impair populations or
communities. Protection of populations and communities is a major goal of the TEE,
while protection of individual organisms is warranted for species of special concern
(e.g., threatened or endangered species).
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This section identifies contaminant concentrations that may cause significant adverse
impacts in the receptors of concern that may result from exposure to Bunker C and
other COPCs. The assessment is based on a review of State and Federal soil and
sediment regulatory levels, including applicable standards, criteria, and benchmark
concentrations. In addition, the assessment considers a review of contaminant
concentrations associated with toxic effects in terrestrial plants and soil-dwelling
animals.
Finally, it is noted that relevant ecotoxicity data for some of the primary COPCs
identified for this site, especially Bunker C, are non-existent or sparse. The potential
adverse effects of Bunker C on ecological receptors are addressed using site-specific
toxicity data. Some degree of qualitative assessment is necessary for Bunker C and
other similar contaminant mixtures due to the scarcity of ecotoxicity data.

3.1 Toxicity Profiles
Toxicity profiles are derived for the final COPCs, based on media type and selected
receptor group applicable to this TEE. For surface water, the single COPC is pyrene,
and the selected receptor group for this exposure scenario is freshwater fish. Little
aquatic toxicity data are available for pyrene, so the single toxicity value presented is
based on the predicted 30 day chronic value, derived by EPA ECOSAR software
which uses chemical structure and other characteristics to estimate toxicity. The
chronic value is generally defined as the geometric mean of the No Effect and Low
Effect levels. As such, the chronic value represents a chemical concentration that is
greater than that associated with no observed adverse effect but less than one
associated with an observed effect.
All other COPCs are linked to soil exposures; therefore, terrestrial plants and
earthworms are the receptor groups of choice. Earthworms represent soil dwelling
invertebrates, and phytotoxicity data for terrestrial plants are commonly based on
laboratory studies using crop species.
Where available, the preferred soil toxicity values are from earthworm and plant
studies resulting in chronic toxicity endpoints. Endpoints include those associated
with survival and growth or growth-related endpoints such as seed emergence.
Table 4 presents the available toxicity data for the identified COPCs for this TEE.
These toxicity values or effects concentrations are used in the Risk Characterization
section of the TEE to derive quantitative risk estimates, where applicable. An
important exception to this approach is Bunker C. No suitable ecotoxicity data are
available for Bunker C, and therefore quantitative risk estimates are not derived for
Bunker C. An alternative approach is used to estimate the impacts of exposure to
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Bunker C in soil by terrestrial plants and soil dwelling invertebrates. This alternative
approach is discussed in Section 4, Risk Characterization that follows.
Table 4. Media-Specific Toxicity Data for Final COPCs
Medium

COPC

Toxicity
Data

Source

Comment

Surface

Pyrene

55 µg/L

EPA ECOSAR

Predicted 30-d chronic value, fish

60

Efroymson, Will, and

Soil benchmark for earthworm toxicity,

Arsenic

mg/kg

Suter 1997

from multiple studies

10

Efroymson, Will, Suter,

Soil benchmark for phytotoxicity, from

mg/kg

and Wooten 1997

multiple studies

500

Efroymson, Will, and

Soil benchmark for earthworm toxicity,

mg/kg

Suter 1997

from multiple studies

Water

Lead

50

Efroymson, Will, Suter,

Soil benchmark for phytotoxicity, from

mg/kg

and Wooten 1997

multiple studies

Oil as Bunker C

-

-

No terrestrial ecotoxicity data

258

EPA ECOSAR

Predicted 14-d LC50, earthworm

1-methylnaphthalene

mg/kg
-

Eisler 1987 (summary

No Data on Phytotoxicity (PAH-

of multiple studies)

induced phytotoxic effects are rare)

258

EPA ECOSAR

Predicted 14-d LC50, earthworm

Eisler 1987 (summary

No Data on Phytotoxicity (PAH-

of multiple studies)

induced phytotoxic effects are rare)

EPA ECOSAR

Predicted 14-d LC50, earthworm

2-methylnaphthalene

mg/kg
-

Soil

116
Benzo(a)anthracene

mg/kg
116

Chrysene
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EPA ECOSAR

Predicted 14-d LC50, earthworm

Eisler 1987 (summary

No Data on Phytotoxicity (PAH-

of multiple studies)

induced phytotoxic effects are rare)

Environment Canada

mg/kg

1995 in CCME 2002

3 mg/kg

Environment Canada

25% reduction in seedling emergence,

1995 in CCME 2002

lettuce

EPA ECOSAR

Predicted 14-d LC50, earthworm

LC25, earthworm

mg/kg
-

Α

induced phytotoxic effects are rare)

54

207
Phenanthrene

No Data on Phytotoxicity (PAH-

of multiple studies)
mg/kg
-

Naphthalene

Eisler 1987 (summary

Eisler 1987 (summary

No Data on Phytotoxicity (PAH-

of multiple studies)

induced phytotoxic effects are rare)
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Risk characterization integrates exposure and toxicity or effects information to
estimate risks to representative ecological receptors. Several approaches can be used
to integrate exposure and effects data, with selected approaches often dependent on
the availability of specific types of data. For example, because ecotoxicity data are
lacking for Bunker C in soil, the results of site-specific surveys or bioassays were
determined to be useful for evaluating the potential impacts of exposure to Bunker C.
For all other COPCs, the primary method of risk estimation used in this TEE is based
on the hazard quotient approach, which is described below.

4.1 Risks Based on Direct Exposure
Risks based on direct exposure (direct contact and ingestion) to COPC-contaminated
media are assessed using the hazard quotient (HQ) approach. This method of
assessing risks is based on the ratio of an exposure concentration to an effects or
toxicity-based concentration. The general equation follows:
HQ = Exposure Concentration of COC
Effects Concentration of COC
For example, the maximum concentration of a COPC detected in surface soil (EPC) is
compared to a COPC concentration in soil that is associated with low but significant
likelihood of adverse effects (represented by a selected toxicity value, from Table 4).
The latter is most appropriately a threshold concentration at which adverse effects
begin to be observed, but also may be a higher concentration at which adverse effects
are usually or always observed in more sensitive life stages.
HQs greater than 1.0 (i.e., where the exposure concentration exceeds the effects
concentration) indicate significant potential for adverse effects. HQs less than 1.0 are
considered insignificant and adverse effects are unexpected. Higher HQs are not
necessarily indicative of more severe effects. Instead, where confidence in toxicity
values is equal, higher HQs suggest a greater likelihood of adverse effects.
HQs are presented for all COPCs except Bunker C on Table 5. An alternative
approach based on laboratory toxicity testing with a representative soil invertebrate
(earthworm) and a representative terrestrial plant (lettuce) is used to assess the
potential ecological impacts of exposure to Bunker C. A summary of the design and
results of these tests, which were conducted in accordance with the project QAPP, is
presented in Section 4.2. Appendix A (Soil Toxicity Evaluation) presents the detailed
laboratory data and results associated with these tests.
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Table 5. Hazard Quotients for Media-Specific COPCs (Excluding Bunker C)
Medium
SW

SOIL

COPC
Pyrene

EPC
0.4

Arsenic

22

Lead

120

1-Methylnaphthalene
2-Methylnaphthalene
Benzo(a)anthracene
Chrysene

40
60
11
15

Naphthalene

7.4

Phenanthrene

63

Receptor
Fish
Earthworm
Plant
Earthworm
Plant
Earthworm
Earthworm
Earthworm
Earthworm
Earthworm
Plant
Earthworm

TV
55
60
10
500
50
258
259
116
116
54
3
207

HQ
0.0073
0.37
2.2
0.24
2.4
0.16
0.23
0.095
0.13
0.14
2.5
0.30

Notes:
EPC - exposure point concentration (max detect), µg/L SW, mg/kg soil.
Receptor - only those for which TVs are available are shown.
TV - toxicity value (from Table 4, µg/L SW, mg/kg soil).
HQ - hazard quotient (EPC/TV).

As shown on Table 5, ecological risks due to exposure to pyrene (the single surface
water COPC) in surface water are insignificant, with the HQ being much lower than
the 1.0 threshold (HQ=0.0073).
For soil COPCs other than Bunker C, HQs range from less than 1.0 (8 scenarios) to 2.5
(3 scenarios). The three scenarios associated with HQs greater than 1.0 are


Terrestrial plants exposed to arsenic in soil (HQ=2.2)



Terrestrial plants exposed to lead in soil (HQ=2.4)



Terrestrial plants exposed to naphthalene in soil (HQ=2.5)

None of these HQs are considered indicative of significant site-related risks based on
the following:


The historical ASARCO smelter that operated at Ruston south of Vashon Island
probably contributed to elevated concentrations of arsenic and lead in soil
throughout the area. It is unlikely that the slightly elevated concentrations
observed onsite are limited to the project area.



As discussed previously, both arsenic and lead are not highly bioavailable in soil.
The risk estimates calculated here are based on (1) toxicity data from laboratory
(not natural or field) studies and, (2) maximum detected concentrations. It is likely
that risk estimates based on site-wide average concentrations of arsenic and lead
in soil would be much lower.



The risk estimate for naphthalene in soil is based on the maximum detected
concentration of naphthalene. Average concentrations would result in lower risk
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estimates. Also, the soil sample from which this maximum detected concentration
was measured (TP-7) was collected within the concentrated Bunker C area, at six
feet below the ground surface. This depth is beyond the likely area of significant
ecological exposure, and remediation of the concentrated Bunker C area would
likely result in substantial reductions of associated COPCs above the six foot
depth interval.
In summary, none of the conservative (based on maximum detected concentrations)
risk estimates (HQs) for surface water or soil COPCs are expected to pose significant
hazards to potentially exposed ecological receptors. This is not the case for Bunker C,
where ecologically significant adverse effects can be expected where this mixture of
contaminants is concentrated. Because ecotoxicity data are lacking for Bunker C, an
alternative approach to the HQ method is required. The selected alternative approach
is discussed below.

4.2 Risks Associated with Bunker C—Laboratory Tests
The approach used to evaluate potential impacts to ecological receptors from
exposure to Bunker C in soil is based on laboratory toxicity tests in which earthworms
(a representative soil invertebrate) and lettuce (a representative terrestrial plant) are
exposed to various mixtures of contaminated and non-contaminated (background)
soils collected from the site.
The purpose of these tests is to determine the toxicity of soils contaminated with
Bunker C to soil-associated organisms, primarily soil invertebrates and terrestrial
plants. The earthworm Eisenia fetida and lettuce (Lactuca sativa) are standard
laboratory test species used for this purpose. Appendix A provides the details of the
methods, results, and quality assurance (QA)/quality control (QC) data associated
with these tests. A summary of the test methods and results follows.

4.2.1 Summary of Test Methods
Soil samples were collected from a highly contaminated (source) area of the site
(Bunker C concentration 51,000 mg/kg) and from a background, non-contaminated
area of the site. Exposure concentrations used in the tests included background soil
(undiluted) along with dilutions of source area (contaminated) soil mixed with
background soil. The diluted soils resulted in measured Bunker C concentrations of
18,000, 6,700, 2,800, 1,700, and 930 mg/kg. In addition, exposures included laboratory
control soil.
Exposure duration was 14 days for both species, and test endpoints for the earthworm
tests included 14 day survival. For lettuce, 14 day test endpoints included mean
percent survival (based on seed germination and seedling survival) and mean
biomass (mg) per surviving seedling. No effect concentrations (NOEC), low effect
concentrations (LOEC), and median lethal concentrations to 50 percent of test
organisms (LC50) were derived for earthworm survival and lettuce survival. NOEC,
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LOEC, and inhibitory concentration to 50 percent of test organisms (IC50) were
derived for the lettuce biomass endpoint.
In all cases, the results of the tests at various Bunker C concentrations are compared
directly to those of background (uncontaminated site) soil. Results are not compared
directly to control soil results, but control soil results are instead used to confirm that
the test organisms are healthy and suitable for testing. Reference toxicity tests were
also conducted to confirm the health of test organisms and their responses to known
concentrations of previously tested toxic chemicals.

4.2.2 Summary of Test Results
4.2.2.1 Earthworm
Statistically significant results, based on comparisons to tests with exposures to
background soils, were found only for earthworm survival at the highest exposure
concentration of Bunker C (18,000 mg/kg). Mean percent survival at this exposure
concentration was 26.7, while all other exposures resulted in mean percent survival
values of 80.0 to 93.3. Laboratory control survival was 100 percent.
The highest exposure concentration associated with no significant effects was 6,700
mg/kg Bunker C, and this values serves as the NOEC. The lowest exposure
concentration associated with significant adverse effects was 18,000 mg/kg Bunker C,
and this value serves as the LOEC. From these results the LC50 (median lethal
concentration to 50% of test organisms) was estimated to be 13,700 mg/kg. Worms
appeared to be avoiding the soils at 6,700 and 18,000 mg/kg exposures, but the degree
and ecological significance of these observations was not determined.

4.2.2.2 Lettuce
Based on seed germination and seedling survival endpoints, no toxicity was observed
in lettuce tests during the 14 test duration. Mean percent survival ranged from 80.0 in
the background soil to 98.3 in the 930 mg/kg Bunker C exposure. The NOEC was set
at the highest test concentration, 18,000 mg/kg. The LOEC and estimated LC50 were
both greater than 18,000 mg/kg Bunker C.
Mean biomass in surviving seedlings (based on weight, mg) was significantly reduced
in exposure concentrations of 1,700 mg/kg Bunker C and higher. However, in all
cases the mean biomass was within 20 percent of the biomass associated with
background exposures. Mean biomass (mg) was 1.78 in the laboratory control
exposure, 1.11 in the background soil exposure, and ranged from 0.87 to 0.96 in the
test exposures with Bunker C. No clear pattern was observed between test
concentration of Bunker C and mean biomass—the two highest biomass values for
exposures with Bunker C were the 930 mg/kg and the 6,700 mg/kg exposures.
Similar, but slightly lower biomass was associated with Bunker C exposures of 1,700,
2,800, and 18,000 mg/kg Bunker C.
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4.3 Conclusions and Recommendations
The data summarized above and presented in detail in Appendix A indicate the
following:


Bunker C in soil is toxic to earthworms (based on survival endpoints) at 18,000
mg/kg (LOEC) but not at 6,700 mg/kg (NOEC)



The estimated LC50 for earthworm survival in soil is estimated at 13,700 mg/kg
These data suggest that an appropriate soil cleanup value for Bunker C would be
higher than 6,700 mg/kg but lower than 13,700 mg/kg. This conclusion is based
on the assumption that 50 percent mortality is unacceptable (based on the
earthworm LC50 of 13,700 mg/kg). Available data do not provide sufficient
information to compute a clear threshold Bunker C concentration that would be
associated with sublethal or chronic effects.
Ecology reviewed the toxicity testing results and requested calculation of LC05
and LC10 concentrations for both earthworms and lettuce. These calculations are
presented in Appendix B.

Toxicity test results for lettuce reveal the following:


At the highest Bunker C concentrations tested, seed germination and seedling
survival were not affected.



Mean seedling biomass was slightly reduced at all test concentrations (930 to
18,000 mg/kg), but in all cases the reduction in biomass was small (less than 20
percent) relative to the background soil tests.



No clear pattern is noted between percent reduction in biomass and Bunker C
concentration, suggesting that other confounding factors may be present.

These data suggest that exposures of terrestrial plants (with sensitivities similar to
lettuce) to Bunker C concentrations of up to 18,000 mg/kg are unlikely to result in
ecologically significant effects to terrestrial plants.
After consulting with Ecology it was agreed that the soil cleanup value for Bunker C
be based on protection of apparently more sensitive soil invertebrates (represented by
earthworm) instead of protection of terrestrial plants and the earthworm NOEC value
of 6,700 mg/kg would be protective of soil organisms at the site.
The recommended soil cleanup value for Bunker C is 6,700 mg/kg, based on the
results of the soil toxicity tests with earthworms.
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