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1. Introduction

This document presents a Baseline Ecological Risk Assessment Work Plan (BWP) for the Former Inland Fisher Guide (IFG) Facility and the Ley Creek Deferred Media (collectively designated the site) located in Syracuse, New York. 

As detailed in Section 1.1 below, the BWP represents the latest document prepared as part of the ecological risk assessment (ERA) process for the site and incorporates items discussed and agreed upon by the involved parties.  The objective of the BWP is to present a summary of the ERA tasks conducted to date and details concerning future activities to be performed to assess potential ecological risk to site receptors posed by the site.

The BWP is comprised of the following sections:

· Section 1: Introduction

· Section 2: Problem formulation summary

· Section 3: Analysis plan

· Section 4: Effects assessment

· Section 5: Risk characterization

· Section 6: Uncertainty analysis

· Section 7: Conclusions

Various tables and figures and two attachments (A and B) present information supporting the BWP text as contained herein.

1.1.  Site and project description

The General Motors Corporation (GM) and the New York State Department of Environmental Conservation (NYSDEC) entered into an Administrative Order on Consent (Index # D-7-0001-97-06; Order) on September 25, 1997, for the development and implementation of a Remedial Investigation/Feasibility Study (RI/FS) at the Former IFG Facility and the Ley Creek Deferred Media.  The location of the site is presented on Figure 1-1.

The Former IFG Facility and Ley Creek Deferred Media site is classified as a Class 2 site on NYSDEC’s Registry of Inactive Hazardous Waste Disposal Sites (Site No. 7-34-057).  The site is also designated as a sub-site of the Onondaga Lake National Priorities List (NPL) site by NYSDEC and the United States Environmental Protection Agency (USEPA).

A Preliminary RI/FS Report for the site was developed by O’Brien & Gere Engineers, Inc. (O’Brien & Gere), on behalf of GM (O’Brien & Gere 1997).  The Preliminary RI/FS Report was submitted to NYSDEC, consistent with the requirements of the Order, on October 24, 1997.  The 1997 Preliminary RI/FS Report included an evaluation of ecological risk.

Based on its review of the Preliminary RI/FS Report, NYSDEC indicated that additional data from the Former IFG Facility and Ley Creek surface water and sediments was required.  In response to NYSDEC’s comments, a Supplemental RI is being conducted at the site, as documented in the April 2000 Supplemental RI report.  An ERA is being performed in accordance with state and federal guidance, as described in Section 1.2.  Steps 1, 2, and 3 of the ERA have been completed and are discussed in Section 1.2.  

This report presents Steps 4 and 5 of the ERA process – Study Design and DQO Process and Verification of Field Sampling Design - for the Former IFG Facility property and the Ley Creek Deferred Media.  The Ley Creek Deferred Media includes ground water underlying the Ley Creek PCB Dredging Site, and surface water and sediment in Ley Creek between Townline Road and Route 11.  The Ley Creek PCB Dredging Site exists between Ley Creek and the Former IFG Facility and is not part of the scope of this document.

Presented below is a description of the ERA process conducted to date for the site, a status of the ecological risk assessment activities, and further description of the site.

1.2.  Ecological risk assessment project update

The eight-step ERA process is described in USEPA’s Ecological Risk Assessment Guidance for Superfund (USEPA 1997a; ERAGS), and the NYSDEC and USEPA Region 2 Generic Ecological Risk Assessment Guidance For Onondaga Lake Sites (NYSDEC 1998a; guidance).  The ERA process is conducted in a phased approach, with scientific/management decision points (SMDPs) occurring following critical steps of the process to evaluate the scope of further ERA tasks.

Performance of Steps 1 and 2 of ERAGS - Screening-Level Problem Formulation and Ecological Effects Evaluation, and - Screening-Level Exposure Estimate and Risk Calculation, respectively, was documented in the Screening Level Ecological Assessment (SLEA) report for the site (O’Brien & Gere 1999).  The SLEA report for the site was initially submitted to NYSDEC and USEPA in July 1998.  A revised report was submitted in January 1999 which incorporated the NYSDEC/USEPA comments.  Based on the SLEA, it was concluded that aquatic and terrestrial ecological receptors at the site may be exposed to polychlorinated biphenyls (PCBs), metals, semivolatile organic compounds (SVOCs) and volatile organic compounds (VOCs) in surface soils of the Former IFG Facility and sediments and surface water in Ley Creek at concentrations exceeding benchmark screening values.  Based on the SLEA report conclusions, it was agreed upon by NYSDEC, USEPA and GM that there was enough information to warrant additional steps of the ERA.

Performance of Step 3 of ERAGS - Problem Formulation included the refinement of the preliminary contaminants of potential ecological concern; assessment of upgradient and anthropogenic background conditions; further characterization of the potential ecological effects of contaminants; review and refinement of the information about contaminant fate and transport; evaluation of complete exposure pathways and ecosystems potentially at risk; selection of assessment endpoints; and development of a conceptual model with working hypotheses or questions to be addressed by further investigation. 

The results of the Problem Formulation step were presented to NYSDEC in the Problem Formulation Document (PFD) (O’Brien & Gere 2000a).  GM received NYSDEC’s comments on the PFD in a letter dated September 29, 2000.  GM subsequently incorporated report revisions and responses to the NYSDEC’s and USEPA’s comments on the PFD into two documents, as follows:

· Proposed Comment Responses to Department’s September 29, 2000 Comments on the Problem Formulation Document (first PFD response document).  This document was submitted by GM to NYSDEC on December 20, 2000 (O’Brien & Gere 2000b).

· Final Comment Responses to the Department’s Comments on the Problem Formulation Document: Revised and New Attachments to GM’s Comment Responses of December 20, 2000 (second PFD response document) (O’Brien & Gere 2000c).  That document, submitted by GM to NYSDEC on March 20, 2001, included information discussed and requested during a meeting held in Albany, New York on January 24, 2000.  In attendance at the meeting were representatives from NYSDEC, GM, O’Brien & Gere, and TAMS Consultants, Inc. (representing USEPA).

It was agreed that a BWP would be prepared for the site and submitted to NYSDEC and USEPA for review.  It was also agreed that ecological risks at the site will be assessed based on the results of food chain/hazard quotient models and comparison of media specific concentrations with toxicity-based benchmark values.  Further, it was agreed that, in addition to the site, the assessment will include an evaluation of ecological risks associated with upstream reaches of Ley Creek, in order to facilitate future risk management decisions.

This document presents the BWP and incorporates the items discussed and agreed to by GM and NYSDEC/USEPA following the submittal of the PFD.

1.3.  Site characterization and former processes

The site consists of the Former IFG Facility and the Ley Creek Deferred Media.  The Former IFG Facility comprises approximately 65 acres of property located at 1 General Motors Drive in the Town of Salina, Onondaga County, New York (Figure 1-1).  A small portion of the property is located in the Town of Dewitt.  Facility structures include the main manufacturing building, the attached administration building, the primary switch house, powerhouse, the industrial waste treatment (IWT) plant, mold storage (former tank farm) building and bulk rail car building.  Various paved parking lots and undeveloped areas are present on the property.

Historically, the Former IFG Facility was used for the manufacture of metal automotive trim components such as bumpers, grills, wheel disks and hubcaps.  More recently, the facility was used for the manufacture of interior and exterior plastic trim components such as bumpers, grills and door panels.  The facility began operations in 1952; operations conducted at the facility included metal die casting; nickel, chromium and copper cyanide electroplating; stamping; polishing; buffing; painting; machining; and injection molding. Historical manufacturing processes and facility features were described in detail in the Preliminary RI/FS Report (O’Brien & Gere 1997).  The facility ceased manufacturing operations in December 1993. 

The facility is currently being redeveloped for tenant use.  Currently, Carpenter Industries, Inc., New Venture Gear, Burnett Associates, Syracuse Metals, Inc., and HMQ Metal Finishing Group LLC occupy space or are preparing to occupy space in the manufacturing building.

The majority of the area surrounding the facility is generally characterized as urbanized.  The facility is bounded to the south by Penn Central railroad tracks and a wood pallet recycling facility; to the east and northeast by GM Circle and Townline Road; to the west by a Niagara Mohawk Power Corporation electrical transfer station; and to the north by Factory Avenue and an undeveloped area adjacent to Ley Creek (Figure 1-1).  The facility is located in an area zoned for industrial use.  Storm water runoff from the Former IFG Facility site is directed into a series of storm drains that discharge to Ley Creek via NYSDEC permitted outfalls #003 and #004 (Figure 1-2).

The Ley Creek Deferred Media consist of ground water beneath the Ley Creek PCB Dredging Site, and surface water and sediment of Ley Creek between Townline Road and Route 11 (Figure 1-1).  For the purposes of this report, the segment of Ley Creek between the Town Line Road Bridge and the Route 11 bridge is defined as the “study area” portion of Ley Creek; whereas the South Branch, Sanders Creek, North Branch, and segment of Ley Creek upstream of Town Line Road Bridge are identified as “upstream” of the Site.

2. Summary of problem formulation

This section presents a summary of the ERA activities completed to date and emphasizes the results of the problem formulation process as presented in the PFD (O’Brien & Gere 2000a) and the subsequent PFD comment response documents (O’Brien & Gere 2000b; O’Brien & Gere 2000c).

The following tasks were conducted as part of the PFD:

· Data evaluation of detected residues in soils and sediments, including comparison with local and regional natural and anthropogenic background

· Identification of a refined list of constituents of potential concern (COPCs) for the baseline ecological risk assessment (BERA) via media screening and Hazard Quotient (HQ) calculations

· Further characterization of ecological effects of contaminants

· Review and refinement of information on contaminant fate and transport, complete exposure pathways, and ecosystems potentially at risk

· Selection of assessment endpoints for the BERA

· Development of a conceptual model and risk questions 

The rest of Section 2 provides a summary of the PFD conclusions.

2.1.  Data evaluation

Metals, polycyclic aromatic hydrocarbons (PAHs), PCBs, polychlorinated dibenzodioxins (PCDDs), polychlorinated dibenzofurans (PCDFs), SVOCs, and VOCs were detected in surface soils, sediments and surface water at the Former IFG Facility site, Ley Creek study area, and upstream reaches of Ley Creek.  Many of these constituents are likely the result of industrial inputs from former site processes.  Additionally, many of these constituents, such as metals, are naturally occurring in soils and sediments; whereas others, such as PAHs, SVOCs, VOCs, PCDDs/PCDFs, and certain metals are products of common societal sources, such as combustion processes, automotive emissions, asphalt and paving, and other sources.  The objectives of the data evaluation, therefore, were to:

· Describe the sources of data applied in the analysis, and present statistical summaries of constituents detected in sediment, surface soil, and surface water

· Assess the extent to which site related or other sources may be contributing to constituents detected in Ley Creek sediments and site soils using statistical and graphical pattern recognition techniques.  Based on the analysis, constituents detected at elevated levels relative to local and regional pristine or urban background levels were identified.

The following conclusions were drawn based on the data evaluation:

· The detected levels of metals, PAHs, PCBs, and PCDDs/PCDFs in surface soil in certain areas of the site exceed naturally occurring or typical local or regional urban background levels.

· The concentrations of Aroclor 1016, Aroclor 1242, and Aroclor 1248 in the Ley Creek study area sediment samples are statistically greater than upstream levels. However, the concentrations of metals, PAHs, SVOCs, and VOCs in study area sediments are statistically equivalent with the concentrations observed in upstream sediments.

· The detected levels and congener profiles of PCDD/PCDFs in the Ley Creek study area sediments are very similar and highly consistent with the congener profiles observed in upstream samples and regional urban/industrial sediments.  The congener profiles in the Ley Creek study area sediment samples are different than the dominant congeners reported in Aroclor products, PCB combustion products, and PCB impacted sediments.

Collectively, these observations suggest that, with the exception of Aroclor 1016, Aroclor 1242, and Aroclor 1248, the constituents detected in the Ley Creek study area sediments are largely attributable to general urban and industrial point and non-point sources rather than site related releases.

2.2.  Exposure pathways

The site is not considered a Sensitive Environment as defined in ERAGS.  Low quality terrestrial habitat exists on the site, therefore limiting the likelihood of a diverse faunal community existing there.  The aquatic habitat of Ley Creek and the wetland areas associated with the creek provide higher quality areas for foraging, nesting and cover for wildlife.  Therefore, the aquatic ecosystem associated with the site and upstream areas is potentially at a greater risk for ecological impact than the terrestrial portions of the site due, primarily, to the increased use of the area by terrestrial and aquatic receptors.

As detailed in the PFD and summarized on Figure 2-3, the primary exposure pathways for ecological receptors present at the site include direct contact with surface soil of the Former IFG Facility, and surface water and sediments of Ley Creek.  Additionally, terrestrial and aquatic food chain exposures occur to receptors foraging from these media.

2.3.  Ecological receptors

The health (i.e. survival, growth and/or reproductive success) of the following terrestrial and aquatic receptors will be assessed through the performance of the BERA.  The selected receptor species consist of those organisms evaluated during the SLEA and the PFD, as follows: 

· terrestrial and aquatic flora

· short-tailed shrew (Blarina brevicauda) (surrogate for small carnivorous mammals)

· Eastern cottontail rabbit (Sylvilagus floridanus) (surrogate for small herbivorous mammals)

· American robin (Turdus migratorius) (surrogate for insectivorous birds)

· red-tailed hawk (Buteo jamaicensis) (surrogate for large carnivore/predatory birds)

· mink (Mustela vison) (surrogate for piscivorous mammals)

· great blue heron (Ardea herodias) (surrogate for piscivorous birds)

· largemouth bass (Micropterus salmoides) (surrogate for trophic level 4 fish - piscivores)

· pumpkinseed (Lepomis gibbosus) (surrogate for trophic level 3 fish - omnivores)

The selected assessment endpoint receptors are representative of groups of organisms likely to inhabit the site.  For instance, although the red-tailed hawk was not observed foraging from the site during the site reconnaissance conducted by O’Brien & Gere, it is likely that the hawk, or another raptor with similar foraging habits (e.g. American kestrel), frequents the area.  Therefore, the hawk serves as a surrogate for predatory birds of the region.  The American robin represents songbirds utilizing the site.  Therefore the American robin serves as a model for passerine birds that could be exposed to site constituents based on a diet comprised of insects and plant matter.  The shrew and cottontail rabbit were selected as assessment endpoints because it is possible these receptors inhabit the grassy and scrub community present on-site.  The shrew’s high ingestion rate and consumption of terrestrial macroinvertebrates likely represents the most significant small mammal exposure potential on the Former IFG Facility Site.  The rabbit was chosen as a representative assessment endpoint for herbivores on the site. 

Great blue heron are the most widespread of all the North American herons and are common in the central New York area.  Their consumption of fish and amphibians make their dietary exposures representative of piscivorous birds that could frequent the site vicinity.

No mink were observed during the wildlife survey of the study area conducted by O’Brien & Gere.  In general, the study area of Ley Creek does not provide optimal mink habitat, since mink tend to favor streams with faster flows and meandering banks than the Ley Creek Study Area.  However, it is conservatively assumed that mink may visit the study area based on their recorded presence in other areas in central New York, and the presence of suitable prey species in the study area.  In addition, the mink is believed to be one of the most sensitive mammals to PCB exposure.  Selection of mink as a target surrogate mammal, therefore, provides for a conservative evaluation of mammalian exposures to site constituents.  For this reason, the mink was selected for this exposure assessment to represent exposures to mammals through the aquatic food chain.

Potential receptors in Ley Creek will be evaluated via consideration of a trophic level 4 fish (predatory fish such as largemouth bass and northern pike) and a trophic level 3 fish (smaller, omnivorous fish such as pumpkinseed and/or white perch).  Various omnivorous fish species have been historically observed in Ley Creek (discussed in Section 3).  Although piscivorous fish species were not observed during the field visits, there is a likelihood that they may be present in Ley Creek.  Therefore, at the request of NYSDEC, trophic level 4 fish will be evaluated as receptors. 

As presented herein, the assessment endpoint receptors were selected, in part, based on their dietary habits.  PCBs are the primary COPCs present in site media, and PCBs have been shown to biomagnify in ecological food chains.  The selected receptors are likely to concentrate and/or accumulate PCBs via ingestion of site media or organisms exposed to site media.  Therefore, the selected assessment endpoint receptors are representative of potential ecological exposures to site COPCs.

2.4.  Refinement of constituents of potential concern

The list of initial COPCs identified in the SLEA was further refined in the PFD based on media screening and food chain modeling for the receptors associated with the aquatic ecosystem in Ley Creek, and the terrestrial system at the Former IFG Facility.  The constituent concentrations in the food base were estimated for benthic invertebrates, piscivorous fish, terrestrial invertebrates, and small mammals using conservative literature derived biota-sediment accumulation factors (BSAF), bioaccumulation factors (BAFs), or bioconcentration factors (BCFs).  The modeled food base estimates were incorporated into food chain models for the great blue heron and mink (aquatic system), and the shrew and red-tailed hawk (terrestrial system).  Additionally, based on NYSDEC comments, the robin, cottontail rabbit
, and omnivorous and piscivorous fish species were included as potential receptor species.  The total daily intake (TDI) or body burden of constituents for identified receptors was compared to no observed adverse effects levels (NOAELs) to derive a HQ (HQs were not derived for fish receptors).  A summary of the calculated PFD HQs is presented on Tables 2-1a and 2-1b for the original and additional ecological receptors, respectively.

The COPCs identified for the BERA following the PFD are summarized on Tables 2-1a and 2-1b.  COPCs were identified as those constituents that resulted in a HQ equal to or greater than one for any of the selected receptors.  Table 2-1a presents the COPCs identified in the previous PFD submittal (O’Brien & Gere 2000c) while Table 2-1b presents the COPCs for the receptors that were not assessed during previous PFD submittals.  For terrestrial receptors (short tailed shrew, red-tailed hawk, cottontail rabbit, and American robin), the derived HQs were greater than one for PCBs; several metals (aluminum, antimony, arsenic, barium, beryllium, cadmium, chromium, copper, cyanide, iron, lead, mercury, nickel, selenium, vanadium, and zinc); PAHs (acenaphthene, anthracene, benzo(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(ghi)perylene, benzo(a)pyrene, chrysene, dibenzo(a,h)anthracene, indeno(1,2,3-cd)pyrene, fluoranthene, fluorene, 2-methylnaphthalene, phenanthrene, and pyrene); three SVOCs (butyl benzyl phthalate, bis[2-ethylhexyl]phthalate, and di-n-octyl-phthalate); one VOC (trichloroethene); and dibenzofuran.  

For the aquatic PFD receptors (mink and great blue heron) the derived HQs were greater than one for PCBs; seven metals (aluminum, antimony, arsenic, cadmium, selenium, thallium, and zinc); PAHs (benzo(a)anthracene, benzo(b)fluoranthene, benzo(a)pyrene, chrysene, fluoranthene, phenanthrene, and pyrene); one SVOC (bis[2-ethylhexyl]phthalate); one VOC (trichloroethene), and PCDD/PCDFs.

In addition to the constituents listed above, several constituents will be retained as COPCs for assessment in the BERA because insufficient information was available in the PFD to calculate HQs.  In these instances, either uptake factors or toxicity values were not available for the constituents.  These COPCs include calcium, magnesium, potassium, silver, sodium, 2,4-dimethylphenol, 2-methylphenol, carbazole, hexachlorobenzene, 2-butanone, methylene chloride, and vinyl chloride. 

2.5.  Assessment and measurement endpoints

As agreed upon during the January 24, 2000 meeting with the involved parties, and presented in the PFD response documents discussed in Section 1, the BERA will be completed using the following approaches: 

Food chain and hazard quotient modeling.  For PCBs, measured body burden estimates in fish will be used as representative food chain concentrations for the HQ calculations.  The body burden data will be compared with toxicological threshold values to assess potential risks to fish species.  For constituents other than PCBs, trophic level concentrations will be assessed based on media concentrations, literature derived uptake factors, and receptor-specific life history considerations.

Comparison of media concentrations with bioassay dose-response data. 

Detected media concentrations will be compared with the results of published studies regarding medium-specific toxic effects. 

A weight-of-evidence approach will be used for the risk characterization.  Hence, the results from the food chain and hazard quotient models in conjunction with the media comparisons will act as independent lines of evidence for drawing conclusions about the health of the receptor species.  Together, these multiple lines of evidence will be integrated and balanced to yield a conclusion regarding potential risks to the aquatic or terrestrial community.

A summary of the specific assessment endpoints and associated measurement endpoints previously presented and discussed with NYSDEC as part of the PFD is presented below for terrestrial and aquatic pathways, respectively.

Terrestrial pathway

1. Growth or yield of the site’s plant community.

· Site surface soil COPC concentrations will be compared to the phytotoxicity benchmark values presented in Efroymson, et al. (1997a) to evaluate potential risks to site flora.

2. Growth, survival, and/or reproduction of the soil invertebrate community of the site.

· Site surface soil COPC concentrations will be compared to benchmark values presented in Efroymson, et al. (1997b) to evaluate potential risks to the site’s soil invertebrate community.

3. Growth, survival, and/or reproduction of small mammal (e.g. white-footed mouse, raccoon) individuals and populations inhabiting the site.  [Note:  For the BERA the short tailed shrew and cottontail rabbit will be substituted for the white-footed mouse and raccoon, respectively.]

· A food chain model will be utilized to calculate the selected receptor’s TDI of site COPCs via intake from site media.  The TDI will be compared to a literature-derived toxicity reference value (TRV) for an evaluation of impact. 

· Body burden estimates will be compared to body burden based TRV
. 

4.
Survival and/or reproduction of insectivorous bird (e.g. robin) individuals frequenting the site.
· A food chain model will be utilized to calculate the selected receptor’s TDI of site COPCs via intake from site media.  The TDI will be compared to a literature-derived TRV for an evaluation of impact.  TRVs will be selected first on availability, then based on the effect studied (i.e. survival and/or reproduction).

5. Survival and/or reproduction of predatory bird (e.g. red-tailed hawk) individuals foraging from the site.
· A food chain model will be utilized to calculate the selected receptor’s TDI of site COPCs via intake from site media.  The TDI will be compared to a literature-derived TRV for an evaluation of impact.  TRVs will be selected first on availability, then based on the effect studied (i.e. survival and/or reproduction).

Aquatic (Ley Creek) pathway 

1. Growth or yield of the site’s plant community.

· Comparison of site sediment COPC concentrations to the phytotoxicity benchmark values presented in USEPA (1995c) provides a means to evaluate these effects to aquatic flora.

2. Benthic invertebrate community of Ley Creek as a food source to local wildlife.

· Comparison of site sediment COPC concentrations to applicable criteria and screening benchmarks provides a means to evaluate potential impact to the site's benthic community.

3. Protection and maintenance (growth, survival, and/or reproduction) of local wildlife (amphibians, reptiles, mammals, and birds).

· Comparison of site surface water COPC concentrations to applicable criteria and screening benchmarks for the protection of wildlife.

· Evaluation of potential synergistic impacts of COPCs detected in multiple media.

4. Growth, survival, and/or reproduction of piscivorous mammals (e.g. mink) foraging from Ley Creek.

· A food chain model will be utilized to calculate the selected receptor’s TDI of site COPCs via intake from site media.  The TDI will be compared to a literature-derived TRV to evaluate the potential impact.  TRVs will be selected based first on availability, then on the effect studied (i.e. growth, survival, and/or reproduction).

· Comparison of modeled body burden data to applicable toxicological criteria.

5. Growth, survival, and/or reproduction of omnivorous (e.g. pumpkinseed) and/or piscivorous (e.g. largemouth bass) fish inhabiting Ley Creek.

· A food chain model will be utilized to calculate the selected receptor’s TDI of site COPCs via intake from site media.  The TDI will be compared to a literature-derived TRV for an evaluation of impact.  TRVs will be selected first on availability, then based on the effect studied (i.e. growth, survival, and/or reproduction)
.

· Modeled body burden data will be compared to applicable toxicological criteria.

6. Survival and/or reproduction of piscivorous bird (e.g. great blue heron) individuals frequenting the site.

· A food chain model will be utilized to calculate the selected receptor’s TDI of site COPCs via intake from site media.  The TDI will be compared to a literature-derived TRV for an evaluation of impact.  TRVs will be selected first on availability, then based on the effect studied (i.e. growth, survival, and/or reproduction). 

3. Analysis plan

This section presents details concerning the methods to be utilized for evaluation of risk posed by exposure to site constituents.  As such, this section begins the discussion of the activities that will be conducted as part of the BERA.

The analysis phase of the risk assessment will consist of the technical evaluation of available data in order to reach conclusions about ecological exposure and the relationships between the stressors and ecological effects.  Media concentrations and exposure estimates will be evaluated relative to ecosystem and receptor attributes, to evaluate the risk hypotheses that were identified in the PFD.  As agreed upon during previous discussions with NYSDEC and USEPA, the BERA will be completed using the following approaches:

Comparison of media concentrations with bioassay dose-response data.  Detected media concentrations will be compared to the results of published studies regarding medium specific toxic effects.

Food chain and hazard quotient modeling.  For PCBs, measured body burden estimates in fish will be used as representative food chain concentrations for the HQ calculations.  Further, the body burden data will be compared to toxicological threshold values to assess potential risks to fish species.  For constituents other than PCBs, trophic level concentrations will be assessed based on media concentrations, literature derived uptake factors, and receptor specific life history considerations.

A weight-of-evidence approach will be used for the risk characterization.  Hence, the results from the food chain and hazard quotient models in conjunction with the media comparisons will act as independent lines of evidence for drawing conclusions about the health of the receptor species.  Together, these multiple lines of evidence will be integrated and balanced to yield a conclusion regarding potential risks to the aquatic and terrestrial communities.

The technical elements of the BERA analysis plan are presented in greater detail below.  Section 3.1 identifies the media and data which will be applied in the BERA.  In Sections 3.2 and 3.3, the assessment and measurement endpoints for terrestrial and aquatic receptors, respectively, are summarized.  Section 3.4 presents the methods and assumptions applied in the statistical derivation of medium specific exposure point concentrations.  Sections 3.5 and 3.6 present the methods that will be applied in evaluating the aquatic and terrestrial communities.  Sections 3.7 and 3.8 provide background information on the life histories of the selected receptors and the values for those parameters that will be incorporated into the food chain model.

3.1.  Media evaluated

The following media will be assessed as part of the BERA:

Former IFG Facility (Plant Site):  Surface soil data (0-2 ft. depth) from the Former IFG Facility site will be used to assess risks to terrestrial receptors.  Recent and historical plant site data collected from the 0 to 2 ft interval will be used in the assessment.  Due to the incomplete exposure pathway to ecological receptors, soil samples collected from locations below site buildings will not be incorporated into the data set utilized for the evaluation of risk to terrestrial receptors. 

Ley Creek Study Area:  The Ley Creek Study Area is defined as the stretch of Ley Creek between Townline Road and Route 11.  Sediments and surface water data from the Ley Creek Study Area will be used to assess risks to aquatic receptors.

Upstream Area:  The upstream area is defined as the South Branch, Sanders Creek, North Branch, and the stretch of Ley Creek upstream of Townline Road.  As discussed in the PFD, with the exception of Aroclor 1016, Aroclor 1242, and Aroclor 1248, the constituent concentrations detected in the Ley Creek study area sediments are equivalent to the concentrations detected in Upstream Area sediments
.  As such, to facilitate future risk management decisions, sediment and surface water data from the upstream area will be used to assess background risks to aquatic receptors.  The risk estimates will be presented separately from the study area calculations.

The risk calculations will include an evaluation of upper bound and an average estimate of potential adverse effects to receptors.  The HQ calculations will first be completed assuming reasonable maximum exposure (RME) assumptions to generate a conservative estimate of potential ecological risk.  In addition, average exposure conditions will be evaluated to facilitate future risk management decisions at the site.

3.2.  Terrestrial communities

Potential effects on terrestrial wildlife will be evaluated using a number of different receptors and a qualitative receptor-specific habitat assessment.  Terrestrial plants, soil invertebrates, insectivorous birds (robin), predatory birds (red-tailed hawk), insectivorous mammals (shrew), and herbivorous mammals (rabbit) will each be evaluated based on the general methods described below.

3.2.1.  Plants

Terrestrial plants can be exposed to site-related constituents present in the soil.  Subsequent to exposure, plants become a part of the site assessment due to their direct adverse effects and due to the role they play in the food chain. 

Phytotoxicity, or toxic effects of constituents on plants is complex and can vary significantly between plant species.  One confounding factor when assessing the phytotoxicity of a constituent is the medium by which the plant is exposed.  The transport of constituents in soil is determined by several factors such as the soil organic carbon content, soil pH, and particle size.  Phytotoxicity studies are also conducted in solution, which is designed to simulate exposure to constituents in soil solution or in very shallow ground water.  Table 3-3 lists the plant benchmarks derived by Efroymson et al. (1997a) for the soil COPCs.  The detected soil concentrations will be compared to the benchmark values presented in Efroymson et al. (1997a) and other available sources to evaluate the potential risks to plant communities.  Specifically, the site specific conditions and plant communities will be considered in selecting comparable benchmark values for assessing risk to plants.

3.2.2.  Birds

There are two avian receptors for the terrestrial assessment:  the robin was selected as a representative for insectivorous birds and the red-tailed hawk was selected as a representative for predatory birds utilizing the Former IFG Facility Site.  The measurement endpoint for both birds will be via food chain calculations.  A more detailed discussion of the life history and other exposure parameters to be applied for calculating the TDI for the robin and the red-tailed hawk is presented in Sections 3.7 and 3.8.

The estimated TDI will be compared to a literature-derived threshold value for an evaluation of impact.  TRVs will be selected first on availability, then based on the effect studied (i.e. growth, survival, and/or reproduction).  A more detailed discussion of the toxicological data to be applied in the analysis is presented in Section 4.

3.2.3.  Mammals

Two mammals were selected as receptors for the Former IFG Facility.  The shrew was selected as a representative insectivorous mammal and the cottontail rabbit was selected as a representative herbivorous mammal.  The measurement endpoint for both mammals will be via food chain calculations.  A more detailed discussion of the life history and other exposure parameters to be applied for calculating the TDI for the shrew and the cottontail rabbit is presented in Sections 3.7 and 3.8.

The estimated TDI will be compared to a literature-derived threshold value for an evaluation of impact.  TRVs will be selected first on availability, then based on the effect studied (i.e. growth, survival, and/or reproduction).  A more detailed discussion of the TRVs to be applied in the analysis is presented in Section 4.

3.3.  Aquatic communities

Potential adverse effects of exposure to COPCs on the aquatic ecosystem of the Ley Creek Study Area are of concern because of the potential for bioaccumulation up the food web from invertebrates to fish, birds, and mammals.  Within the aquatic ecosystem, aquatic plants, benthic invertebrates, fish, piscivorous birds, and piscivorous mammals have been identified as receptors of concern.  Potential effects on aquatic wildlife will be evaluated using a number of different receptors and a qualitative receptor-specific habitat assessment, as described below.

3.3.1.  Plants

Aquatic plants can be exposed to site-related constituents present in the sediment.  Subsequent to exposure, plants become a part of the site assessment due to their direct adverse effects and due to the role they play in the food chain.  Table 3-3 lists the plant benchmarks derived by the USEPA (1995c) for the sediment COPCs.  The detected sediment concentrations will be compared with the benchmark values presented in Efroymson et al. (1997a), USEPA (1995c), and other available sources to evaluate the potential risks to plant communities.  Specifically, the site specific conditions and plant communities will be considered in selecting comparable benchmark values for assessing risk to plants.

3.3.2.  Benthic invertebrates

Benthic invertebrates were selected as receptors of concern because they are sensitive to environmental stressors and they are susceptible to localized contamination due to their relative immobility.  Potential effects on the benthic community will be assessed by comparing the detected sediment concentrations to constituent specific published dose response toxicity data.  A more detailed discussion of the toxicity data to be applied for the assessment is presented in Section 4.  A weight-of-evidence approach will be used for the risk characterization.  Hence, the data from multiple sources will be combined to evaluate the overall potential for adverse impacts to benthic communities.

3.3.3.  Fish

Fish were selected as receptors of concern because they are a major component of the aquatic food web; they are consumed by higher trophic level birds and mammals; they may be exposed to COPCs in surface water through gill exchange and dermal contact; they may be exposed to COPCs in sediment through consumption of infaunal invertebrates; and they are known to be susceptible to reproductive impairment as a result of exposure to PCBs, one of the site-related COPCs.  The assessment endpoints selected to evaluate fish are growth, survival, and/or reproduction of omnivorous (e.g. pumpkinseed) and/or piscivorous (e.g. largemouth bass) fish inhabiting Ley Creek.

The measurement endpoints for fish will be somewhat constituent-specific due to the different manner in which adverse effects caused by exposure to constituents is measured for fish.  For PCBs, measured concentrations of contaminant body burden in fish tissue will be utilized.  PCB concentrations in fish sampled from Ley Creek are summarized below: 

1985 EDI Ley Creek Sampling Program (EDI 1985).  Fourteen fish were collected from Ley Creek in June 1985 from a 4000 ft length of creek extending from 1000 ft upstream of Outfall 003 to 3000 ft downstream of Outfall 003.  Electroshocking and seining methods were utilized.  Collected fish were submitted for analysis of PCBs, lipid content and moisture content on a whole fish basis.  PCB fish tissue concentrations from the 1985 sampling event ranged from less than the detection limit to 6.8 milligrams per kilogram (mg/kg).  Tissue from bluegill, pumpkinseed, shiners, bullhead and carp were analyzed.  The carp was the only fish species to exhibit Aroclor 1248, Aroclor 1254 and total PCB concentrations greater than the detection limit (Table 3-1). 

1992 O’Brien & Gere Ley Creek Dredged Material Area RI (O’Brien & Gere 1993).  Fish flesh data from this July 1992 sampling event are presented in Table 3-2.  Samples were collected from the three following locations:

· Approximately 2,000 ft downstream of the site Outfall #003

· In the vicinity of outfalls #003 and #004

· In the vicinity of the confluence of North Branch and South Branch/Sanders Creek (upstream location)

Fish samples were submitted for analysis of PCBs using the NYSDEC approved Method 91-3.  Species selected for whole fish analysis included species previously collected by EDI in 1985 for comparison purposes.

NYSDEC Data. The NYSDEC has compiled a database containing media data, including fish tissue, collected from Ley Creek as part of historic investigative activities by various parties (NYSDEC 2000).  GM obtained an electronic copy of the database in 2000 from the NYSDEC.  Subsequently, the fish tissue data have been analyzed and the data relevant to Ley Creek summarized.  The summary of the data relevant to Ley Creek is presented in Attachment B.  Samples of seven different species of fish were collected from the following five locations in Ley Creek:

· SLC1 (0.5 miles down from GM outfall) 

· SLC2 (5 miles above the Lemoyne Avenue Bridge) 

· SLC3 (at the Park Street Bridge) 

· SLC4 (GM outfall 003)

· SLC5 (confluence of the North and South Branch).  

Out of these, SLC5 is located upstream of the study area, and SLC3 is a considerable distance downstream of the study area.  Therefore, only the data from SLC1, SLC2, and SLC4 are directly relevant to the study area and will be used in the BERA.

Relative to PCB data, the available data are from SLC1 and SLC4, which were collected in 1985 and 1992.  That data has already been summarized in the data sets discussed above.  No data from dates later than 1992 are presented in the NYSDEC data base.  For constituents other than PCBs (dioxins, mercury, lead, and pesticides), the data are primarily from SLC3, which is located approximately two miles downstream of the study area.  Furthermore, most of the data from SLC3 is from carp which has a limited home range.  Therefore, the data from sample SLC-3 are not directly applicable to the site and will not be applied in the BERA.  

For constituents other than PCBs, potential fish body burdens will be estimated based on the application of BSAFs and BCFs presented in the literature.  A more detailed discussion of the source documents and derivation of constituent specific BCFs and BSAFs is presented in Section 3.6.

The estimated fish body burden will be compared to a literature-derived threshold value for an evaluation of impact.  TRVs will be selected first on availability, then based on the effect studied (i.e. growth, survival, and/or reproduction).  The estimated body burden data will be compared to applicable toxicological criteria.  A more detailed discussion of the toxicological data to be applied in the analysis is presented in Section 4.

3.3.4.  Piscivorous birds

As detailed in Section 4, the most sensitive endpoint of toxicity for PCBs to birds is reproductive impairment.  Therefore, adverse reproductive effects were selected as the assessment endpoints for piscivorous birds. 

The measurement endpoint for assessing piscivorous birds will be via food chain calculations to evaluate the constituent specific TDI to the great blue heron.  A more detailed discussion of the life history and other exposure parameters to be applied for the great blue heron is presented in Sections 3.7. and 3.8.  The constituent concentration in the food-base will be estimated based on measured PCB concentrations in fish and surface water and modeled concentrations in benthic invertebrates, as described in Section 3.6.  For constituents other than PCBs, modeled concentrations in components of the great blue heron’s diet (benthic invertebrates and fish) will be applied.

3.3.5.  Piscivorous mammals

Minks were selected as receptors of concern because they are sensitive receptors relative to PCB toxicity and may be exposed through consumption of small mammals, fish, and crayfish that have bioaccumulated PCBs.  The measurement endpoint for assessing piscivorous mammals will be via food chain calculations to evaluate the constituent specific TDI to the mink. A more detailed discussion of the life history and other exposure parameters to be applied for the mink is presented in Sections 3.7. and 3.8.  The constituent concentration in the food-base will be estimated based on measured PCB concentrations in fish, and modeled concentrations in benthic invertebrates, as described in Section 3.6.  For constituents other than PCBs, modeled concentrations in benthic invertebrates and fish will be applied.

3.4.  Exposure point concentrations

Medium and constituent specific exposure point concentrations (EPCs) will be derived and applied to estimate direct exposure concentrations and food chain impacts.  The basis for the RME derived exposure point concentrations is presented below.

3.4.1.  Soil/sediment

USEPA guidance states that the upper 95 percent confidence level on the arithmetic mean (UCL), or the maximum detected concentration should be used as the RME exposure point concentration (USEPA 1989).  However, the derived UCL depends on the shape of the underlying distribution for the data (e.g. normal, lognormal, other).  It is difficult to assess the shape of the underlying data distribution of a given parameter if there are less than seven detections at a site for that parameter.  Therefore, the soil and sediment exposure point concentrations for COPCs will be derived based on the following general rules:

· Less than 7 samples - the maximum detected concentration will be utilized as the RME exposure point concentration.  The arithmetic mean concentration will be applied to assess average exposures.

· More than 7 samples - the underlying distribution will be examined and statistically assessed, and the UCL calculated for a normal or lognormal distribution, as appropriate (using a value of  the detection limit for non-detects).  The arithmetic mean concentration will be applied to assess average exposures.

· Unknown Distribution - the log-normal distribution will be applied as a default for the sampling distribution of the mean, using a value of  the detection limit for non-detects.  The arithmetic mean concentration will be applied to assess average exposures.

As per USEPA guidance (USEPA 1989) the lower of the UCL or the maximum detected concentration will be used as the soil or sediment RME exposure point concentration.  Tables 3-4, 3-5a, and 3-5b present a summary of the derived 95 percent UCLs, arithmetic mean concentrations, and proposed medium specific exposure concentrations for surface soils, Ley Creek sediments, and upstream sediments respectively.

3.4.2.  Surface water

Based on the low frequency of detections for surface water COPCs, the maximum detected concentration was applied as the RME exposure point concentration for surface water exposures.  A summary of the surface water data is presented as Table 3-6.

3.4.3.  Fish

For PCBs, previously measured fish tissue concentrations in fish sampled from Ley Creek will be applied (EDI 1985; O’Brien & Gere 1993).

1985 Samples.  PCB fish tissue concentrations for the 1985 sampling event ranged from less than the detection limit to 6.8 mg/kg (EDI 1985).  Tissue from bluegill, pumpkinseed, shiners, bullhead and carp were analyzed.  Carp was the only fish species to exhibit Aroclor 1248, Aroclor 1254 and total PCB concentrations greater than the detection limit from the 1985 data (Table 3-1). 

1992 Samples.  Fish flesh data for Ley Creek collected in 1992 (O’Brien & Gere 1993) are presented in Table 3-2.

Aroclors 1248 and 1260 were detected above the screening criteria in fish tissue collected from each of the sampling locations.  Concentrations of PCBs in fish tissue collected from the site (Outfall and downstream areas) ranged from less than detection to 1.1 mg/kg (Aroclor 1248).

3.4.4.  Exposure point concentration for methylmercury

Mercury was selected as a COPC in sediments based on the results of the Problem Formulation task.  In their response to the PFD, NYSDEC requested that methylmercury be evaluated as a COPC, since some of the mercury may be methylated by bacterial communities in the sediment.  Since methylmercury was not analyzed for in the RI or supplemental RI activities, potential sediment methylmercury concentrations will be estimated based on published data and consideration of site specific conditions as described below.

Elemental mercury, inorganic mercury, and methylmercury are the three most prevalent mercury species found in the environment.  Elemental mercury is characterized by a low water solubility, high vapor pressure, and an inability to combine with organic and inorganic ligands.  Inorganic mercury easily combines with organic and inorganic ligands.  Therefore, inorganic mercury is usually bound to particles and thus most inorganic mercury in the environment is not bioavailable to organisms.  Inorganic mercury is also the mercury species that can be methylated biologically or chemically to produce methylmercury.  Methylmercury is predominantly formed in the environment from inorganic mercury by anaerobic bacteria.  Unlike the inorganic species, methylmercury is relatively bioavailable to organisms, is toxic, and can bioaccumulate in exposed species and biomagnify up the food chain.

The methylation of mercury in the environment is influenced by several parameters.  Production of methylmercury species is greatest under anoxic conditions.  Environmental conditions that favor the methylation of mercury include low pH, freshwater (as opposed to saline conditions), warm temperatures, small grain size, and seasonal changes in nutrients, oxygen levels, and hydrodynamics that favor high biological activity.  Methylmercury is an environmentally persistent compound.  Therefore, once formed its transformation to other mercury species is slow to negligible.  

A study conducted on a stream with a similar pH to Ley Creek
 found that out of the total mercury present, less than five percent was Hg (II), and less than one percent was methylmercury (Gray et al. 2000).  A study conducted on Florida estuaries reported that methylmercury accounted for an average of 0.77 percent of total mercury in sediment (Kannan, et al. 1998).  However, the authors note the difficulty in predicting mercury speciation based on total mercury and organic carbon content of the sediment.  

Since methylmercury is formed from inorganic mercury under certain environmental conditions, it would be inaccurate and overly conservative to assume that all the mercury present in Ley Creek sediment is methylmercury.  Monomethylmercury is soluble in water, yet no mercury was detected in the surface water samples collected at Ley Creek.  While this is not conclusive as to the speciation of mercury at Ley Creek, it does suggest that inorganic mercury may be more prevalent.  Based on the limited information available in the literature on mercury speciation, a conservative estimate of the methylmercury content in Ley Creek sediments will be assumed to be one percent of the total mercury concentration.  This is based on the studies by Gray et al. (2000) and Kannan et al. (1998); and considers the fact that no mercury was detected in surface water samples from Ley Creek.

3.5.  Comparison of media data with benchmark values

The detected soil, sediment, and surface water concentrations will be compared with toxicological benchmark values to assess potential risks to aquatic and terrestrial ecosystems.  Benchmark values are based on the evaluation of paired field and laboratory data to relate incidence of adverse biological effects to the medium specific concentration of a specific constituent at a site.  These data sets may be used to identify “benchmark” constituent concentrations based on the probability of observing adverse effects.  If the detected concentration exceeds the constituent specific benchmark, there is a need for further evaluation of potential ecological risk.  However, published benchmark values differ from one another by design and, subsequently, in how they relate to potential toxicity.  For example, the data from equilibrium partitioning modeling, laboratory studies, and field studies conducted throughout North America were used to determine the concentration ranges that are rarely, sometimes, and usually associated with toxicity for marine and estuarine sediments (Long et al. 1995).  For each constituent, sediment concentration data with incidence of observed adverse biological effects were identified and ordered.  The authors identified the lower 10th-percentile concentration as the effects range-low (ERL) and the 50th-percentile concentration as the effects range-median (ERM).  In terms of potential biological effects, sediment contaminant concentrations below the ERL are defined as in the “minimal-effects range,” values between the ERL and ERM are in the “possible-effects range,” and values above the ERM are in the “probable-effects range.” 

A more detailed discussion of the benchmark values to be applied in the assessment, and the uncertainties associated with these values is presented in Section 4.  The benchmark comparison will be based on a weight-of-evidence evaluation which compares the site data with the range of identified benchmark values.  Factors which will be considered are the comparability of the benchmark value to site specific conditions (e.g. if the benchmark value for estuarine systems instead of freshwater), the source of the published benchmark values, and the toxicological data and statistical assumptions from which the benchmark values are derived.

3.6.  Food chain calculations

Exposures to site-related constituents can occur via biomagnification through the food chain.  Food chain models are a commonly used tool for assessing the transfer of constituents from the source to receptors in higher trophic levels.  In food chain modeling, the constituent body burden in selected receptors at various trophic levels is estimated based on site specific data (such as detected constituent concentration in a medium), receptor specific information (such as feeding habits, habitat utilization, and life history information), and measured or modeled estimates of constituents in media to which the receptors are exposed (soil/sediment, water, and food base).

3.6.1.  Calculation of total daily intake

Oral exposure to constituents by wildlife may come from multiple sources.  Wildlife may consume contaminated food (either plant or animal), drink contaminated water, or directly ingest contaminated soil.  Soil ingestion may be incidental while foraging or grooming, or it can be purposeful to meet nutrient needs.  The TDI oral exposure experienced by an individual is the sum of the exposures attributable to each source and may be described as:

Etotal =  Efood + Ewater + Esoil


where:

Etotal
=
total exposure from all pathways

Efood
=
exposure from food consumption

Ewater
=
exposure from water consumption

Esoil
=
exposure from soil consumption 

For exposure estimates to be useful in the assessment of risk to wildlife, they must be expressed in terms of a body weight-normalized daily dose or milligram of contaminant per kilogram body weight per day (mg/kg/d).  Exposure estimates expressed in this manner may then be compared to toxicological benchmarks for wildlife, such as those derived by Sample et al. (1996), or to doses reported in the toxicological literature.  Estimation of the daily contaminant dose an individual may receive from a particular medium for a particular contaminant may be calculated using the following equation:
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where:

Ej 
=
total exposure to contaminant (j) (mg/kg/d)

m
=
total number of ingested media (e.g., food, water, or soil)

IRi
=
consumption rate for medium (i) (kg/d or L/d)  

Cij
=
concentration contaminant (j) in medium (i) 

(mg/kg or mg/L)

BW
=
body weight of endpoint species (kg)

Note:  Soil ingestion rates and soil contaminant concentrations are in kg dry weight.  All other weights (body weights, food, etc.) are in kg fresh weight.

Food chain models were developed for the aquatic ecosystem in Ley Creek, and the terrestrial system at the Former IFG Facility site.  As shown on Figure 2-3, the constituent concentrations in the food base will be estimated for plants, benthic invertebrates, omnivorous fish, piscivorous fish, terrestrial invertebrates, and small mammals.  These modeled food base estimates will be incorporated into food chain models for the great blue heron and mink (aquatic ecosystem); and the shrew, cottontail rabbit, American robin, and red-tailed hawk (terrestrial ecosystem).

3.6.2.  Forage concentration calculation

The media concentrations will be multiplied by biota uptake factors to estimate constituent specific concentrations in the food base.  The biota uptake factors were compiled from literature sources, available databases, or calculated using regression equations. Uptake factors are presented on Tables 3-7, 3-8, 3-9, and 3-10 for, benthic invertebrates, fish, terrestrial species and plants, respectively.  In most cases, each reference source presents compilations of uptake factors from multiple studies or study areas.  The data from each source were compiled and the median and upper 90th percentile values of those data estimated
.  As a conservative measure, the highest upper 90th percentile values across the available studies were utilized as the uptake factors. A description of the references used and adjustments made to the uptake factors is provided below, on a receptor basis.   

Representative tissue levels will be modeled for each of the following food base components:

· benthic invertebrates

· omnivorous fish (trophic level 3)

· piscivorous fish (trophic level 4)

· terrestrial invertebrates

· small mammals

· plants

Where possible, modeled food base levels will be derived using two different methods (e.g., constituent uptake from sediment and from surface water).   The modeled results from the two methods will be compared to assess the degree of confidence in the modeled values.  Highly disparate estimates would suggest a lower level of confidence in the modeled values as compared with similar estimates.  Representative tissue concentrations will be selected for the food web model based on further review of the constituent specific body burdens estimated using the two approaches.

Benthic invertebrates

Benthic invertebrates accumulate COPCs from water, including sediment pore water and the overlying water, from ingestion of sediment particles, and from ingestion of particulate matter (phytoplankton and detrital material) at the sediment/water interface.  Benthic invertebrates also provide an important food source for demersal (bottom-feeding) fish, such as the brown bullhead, and represent a portion of the diet of other fish species, including largemouth bass and white perch.

A discussion of how the uptake factors for benthic invertebrates were adjusted from the literature sources is presented below.  Details are presented in Table 3-7.

USEPA 1999a.  Screening Level Ecological Risk Assessment Protocol for Hazardous Waste Combustion Facilities.  Volume One.  This document expands on the general guidance available for ecological risk assessment and provides guidance specific to hazardous waste combustion facilities.  The Appendices to the document include compilations of species- and constituent-specific toxicity values (Appendix E) and bioconcentration factors (Appendix D).  The toxicity and bioconcentration values are drawn from a review of scientific literature, and thus are applicable to a wide range of ecological risk assessments.  The BCF for aluminum is the only BCF obtained from this report.  The document reports water to aquatic invertebrate BCF in wet tissue weight, given the assumption that invertebrate moisture content by mass is 83.3 percent.  Therefore, no adjustments will be made to this BCF when it is applied in the food chain model.  Measured data for aluminum were not available, so the reported value is the median of the recommended values for 14 inorganics with laboratory data available (antimony, arsenic, barium, beryllium, cadmium, chromium, copper, lead, mercury, nickel, selenium, silver, thallium, and zinc). 

USEPA 1992.  Criteria and Related Information for Toxic Pollutants.  BCFs for several inorganics and organics were obtained from this reference.  The BCFs are reported based on an assumed lipid content for benthic macroinvertebrates of 3%. 

ACOE 2000.  The Contaminants Database.  Sediment to benthic invertebrate BSAFs were obtained from this reference for several PAHs.  The Army Corps of Engineers maintains a database of organic constituent BSAFs for benthic invertebrates and fish species compiled from their review of multiple literature sources.  Upon query, the database provides an output of each BSAF value for that constituent, the species on which it is based, and the literature reference for the source of the data.

USDOE 1998a.  Biota Sediment Accumulation Factors for Invertebrates: Review and Recommendations for the Oak Ridge Reservation.  BSAFs for several inorganics and PCBs were obtained from this report.  The PCB BSAFs were derived using sediment concentrations normalized to organic carbon content and organism concentrations normalized to lipid content.  Therefore, when used in the BERA these results will be adjusted by the ratio of the assumed fraction lipid for benthic macroinvertebrates to the fraction of organic carbon in sediment.  The BSAFs for inorganic constituents were calculated on a dry weight basis.  Thus they will be adjusted by 0.40 to account for the wet weight fraction when they are applied in the food chain model.

The modeled benthic invertebrate concentrations will be calculated using two different methods: 1) direct application of BSAFs to sediment concentrations, and 2) application of BCFs and modeled sediment pore water levels.  Representative tissue concentrations will be selected for the food web model based on further review of the constituent specific body burdens estimated using the two approaches. 

1) Biota-Sediment Accumulation Factors (BSAF)
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where: 

COPCinvert = COPC concentration in benthic invertebrates (mg/g lipid);

BSAF = biota-sediment accumulation factor (mg /g-lipid) / (mg/

g-organic carbon); 

COPCsediment = COPC concentration in sediment (mg/kg).

Available published estimates of constituent specific BSAFs for benthic invertebrates were compiled and are presented on Table 3-7.

2) Bio-concentration from pore water
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BCF = bioconcentration factor; 

COPCporewater  = COPC concentration in sediment pore water in milligrams per liter (mg/L);

Kd = Sediment-water distribution coefficient

For non-polar organic constituents, Equilibrium Partitioning (EqP) models are typically used as a means of estimating a constituent distribution between sediment and pore water. The EqP model relies upon general assumptions of constituent partitioning over a wide range of concentrations and physical/chemical environments.  These assumptions or behavior have not been verified or demonstrated and are therefore open to a wide range of uncertainty.  The EqP approach assumes that non-polar organics partition between sediment organic carbon (SOC) at steady state levels proportional to the octanol:water partitioning coefficient (Kow) or organic carbon partitioning coefficients (Koc).  In this regard, Kd for non-polar organics is defined as:

Kd = Koc * FOC

Koc values were compiled from the Electronic Handbook of Risk Assessment Values (EHRAV) 
database (1996).  

FOC = Fraction organic carbon.  A value of the median measured FOC from sediment samples collected from the study area or upstream (0.035) was used as FOC estimate.

For metals, Kds were estimated using the “minimum partition coefficients” (MPC) developed and applied by Hassan et al. (1996) to develop sediment quality criteria for five metals.  The MPC represent laboratory derived Kd values measured in sandy soils under neutral or low pH conditions.  As discussed by Hassan et al. (1996),  “the derived Kds are considered to be minimum values for natural sediments.”  The actual Kds in Ley Creek sediments are expected to be greater than the minimum values applied. 
Fish

Fish are exposed to COPCs in water and sediments both directly as well as indirectly through the food chain.  In fish, constituents in the water column are absorbed into the systemic circulation system via the gills and may be sequestered in lipid tissue.  Sediments also represent an important exposure source for demersal (bottom-feeding) fish, such as the brown bullhead.  Fish may also experience indirect exposure to sediments by consuming benthic invertebrates and emergent aquatic insects that have traveled into the water column. 

Available published estimates of constituent specific BSAFs for trophic level 4 fish (such as largemouth bass and northern pike) and for trophic level 3 fish (such as pumpkinseed and sunfish) were compiled from the sources below.  Values identified from the literature sources presented below are listed on Table 3-8.

USEPA 1999a.  Screening Level Ecological Risk Assessment Protocol for Hazardous Waste Combustion Facilities.  Volume One.  Water to fish BCFs from this document are reported as wet tissue weight assuming moisture content by mass of 80 percent for fish. 

USEPA 1995a.  Great Lakes Water Quality Initiative Technical Support Document for the Procedure to Determine Bioaccumulation Factors.  Water to fish BAFs for PCBs, organics, and inorganics are presented in this document.  Values for mercury and PCBs are presented in Table 3-8.  The BAF values for Trophic Level 4 organisms will be directly applied to the constituent concentrations in water at the site. BSAFs for PCBs and PCDDs/PCDFs were compiled from ACOE (2000) and USEPA (1995).  The PCB and PCDD/PCDF BSAFs are measured values for lake trout in the Great Lakes or feral fish from a bleach kraft paper mill receiving stream.  The selected values are conservative estimates since the maximum value from the referenced sources was applied in the calculations.

USGS 1999a.  Selected Elements and Organic Chemicals in Bed Sediment and Fish Tissue of the Tualatin River Basin, Oregon, 1992-96.  BSAFs for metals were derived from bed-sediment and fish tissue data reported in the Tualatin River study (USGS 1999a).  The report describes the results of a reconnaissance survey of elements and organic compounds found in bed sediment and fish tissue in streams of the Tualatin River Basin.  The basin is in northwestern Oregon to the west of the Portland metropolitan area.  Land use in the basin changes from mostly forested in the headwaters, to mixed forest and agriculture, to predominately urban. In using these values from the Tualatin River study, it is assumed that site specific sediment conditions approximate the conditions in the Tualatin River.  While this assumption is not directly verifiable by available field data, the Tualatin River study was the only identified source for metal specific BSAFs to fish.  Application of the Tualatin River data is expected to result in less uncertainty in the modeled values as compared with estimates based on less direct approaches (e.g. application of BCFs to modeled water column values).  Furthermore, as discussed in the PFD, the BSAF estimated levels compare well with the projected levels for surface water COPCs using detected surface water concentrations and BCFs.  This observation supports the utility of the Tualatin River data for assessing Ley Creek sediments.
Sample et al. 1996.  Toxicological Benchmarks for Wildlife:  1996 Revision.  This document presents BCFs for several inorganic and organic constituents for Trophic Level 4 organisms.  The uptake factors reported in the document are BCFs obtained from previous USEPA documents multiplied by the appropriate food chain multiplying factor (FCM).  The FCMs used to derive the BCFs are presented in the reference.  

Oliver and Niimi 1985.  Bioconcentration Factors of Some Halogenated Organics for Rainbow Trout Limitations in Their Use for Prediction of Environmental Residues.  The authors experimentally derived BCFs for 34 chlorinated and brominated constituents using rainbow trout as their model organism.  Their results for PCBs are presented in Table 3-8.  

Eisler 1985 – 1995.  Contaminant Hazards Review Series.  The BCF value presented by Eisler for methylmercury is the only value from this reference presented in Table 3-8.  The values presented in this reference are compiled from published scientific literature.  

Where possible, modeled COPC concentrations in fish will be estimated using two different methods: 1) direct application of BSAFs, and 2) application of BCFs to detected surface water constituent levels.  Representative tissue concentrations will be selected for the food web model based on further review of the constituent specific body burdens estimated using the two approaches.

1) Biota-Sediment Accumulation Factors (BSAF)
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where: 

COPCfish = COPC concentration in fish (mg/g-lipid);

BSAF = biota-sediment accumulation factor (mg/g-lipid) / (mg/g-organic carbon); 

COPCsediment = COPC concentration in sediment (mg/kg).

2) Bioconcentration from Surface Water
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Where:  

BCF = Bioconcentration Factor

COPCfish = COPC concentration in fish (mg/g-lipid);

Terrestrial invertebrates and small mammals

The uptake factors were compiled from the following reference sources and are listed on Table 3-9.

USEPA 1999a.  Screening Level Ecological Risk Assessment Protocol for Hazardous Waste Combustion Facilities.  Volume One.  The soil to terrestrial invertebrate BCFs from this document are reported wet tissue and dry media weight assuming moisture content by mass of 83.3 percent for earthworms and 20 percent for soil.  The methylmercury BCF for soil to soil invertebrate was based on dry tissue weight.  Therefore, to account for the wet weight fraction, the reported BCF will be multiplied by 40 percent for the food chain model. 

Ma et al. 1998.  Bioaccumulation of polycyclic aromatic hydrocarbons by earthworms: assessment of equilibrium partitioning theory in in-situ studies and water experiments.  Soil to terrestrial invertebrate BCFs reported by Ma et al. (1998) are computed as PAH in lipid (mg/kg) per PAH in organic matter.  Therefore the BCFs reported by Ma et al. (1998) will be adjusted by the ratio of lipid content in earthworms to fraction of organic carbon in soil.  The mean lipid content of earthworms is reported as 0.84 percent (Sample and Suter 1994).  The soil organic carbon will be assumed to be 0.6 percent.  

Sample et al. 1998c.  Development and Validation of Bioaccumulation Models for Earthworms.  BCFs for metals and PCBs provided in this document are presented in Table 3-9.  The BCFs reported by Sample et al. (1998c) are based on dry weight.  Therefore an adjustment to account for wet weight will be made to these values when they are used in the food chain model.  This adjustment will allow for a more realistic estimate of intake since organisms in the food chain are usually consumed whole.  The adjustment for wet weight will be 40 percent.  

Sample et al. 1998b.  Development and Validation of Bioaccumulation Models for Small Mammals.  The BCFs presented in Table 3-9 for metals and dioxins are derived from this reference.  Due to the varied diets of small mammals BCFs are based on insectivores, herbivores, and general.  These distinctions are also presented in Table 3-9.  The BCFs reported by Sample et al. (1998b) are based on dry weight.  Therefore an adjustment to account for wet weight will be made to these values when they are used in the food chain model.  An adjustment will allow for a more realistic estimate of intake since organisms in the food chain are usually consumed whole.  The adjustment for wet weight will be 40 percent.  

For organic constituents that did not have BCFs in the literature, the value for terrestrial invertebrates was applied as the constituent-specific BCF for small mammals.  

Constituent concentrations in terrestrial invertebrates or small mammals were estimated based on the following equation:


[image: image6.wmf]soil

terr

COPC

 UF

 

COPC

´

=


where:

COPCterr = COPC concentration in terrestrial invertebrate or small mammal (mg/g-lipid);

UF = biota uptake factor from soil (mg/g-lipid) / (mg/g-organic carbon); 

COPCsoil = COPC concentration in soil (mg/kg).

Plants

Plants can uptake constituents present in the soil and pore water and translocate them to plant parts that may be consumed by biota.  Therefore, in order to conservatively estimate the constituent concentrations in plants that could be consumed by ecological receptors, constituent-specific plant BCFs were applied to soil concentrations.  Table 3-10 presents the BCFs identified in the literature, and the calculated values for organics.  When laboratory-based plant BCFs were identified in the literature, they will be used.  A discussion of the references used to identify uptake factors for plants is presented below: 

Parsons 2000. Decision Process Document, Volume IV of the Program-Wide Generic Work Plans.  This report is a secondary source, with a compilation of uptake factors from several sources including USEPA reports, USEPA’s AQUIRE database, USGS reports, and refereed journals.  The values reported in this document will not be adjusted for the food chain model. 

USEPA 1999a.  Screening Level Ecological Risk Assessment Protocol for Hazardous Waste Combustion Facilities.  Volume One.  The soil and sediment to plant BCFs from this document are reported as dry plant tissue and dry media weight.  Therefore, no adjustments will be made to these reported values when they are applied in the food chain model in the BERA. 

USDOE 1998b. Empirical Models for the Uptake of Inorganic Chemicals from Soil by Plants.  Plant uptake factors for several metals were obtained from this reference.  The soil and sediment to plant BCFs from this document are reported as dry plant tissue and dry media weight.  Therefore, no adjustments will be made to these reported values when they are applied in the food chain model in the BERA. 

For organic constituents where laboratory-derived BCFs are not available, the regression equation proposed by Travis and Arms (1988) will be used to estimate how a plant would uptake the constituent from soil.  The equation is presented below: 
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3.7.  Receptor life history information

This subsection presents the life history characteristics of the receptors selected to represent ecological exposures via the aquatic and terrestrial food chain to site and upstream COPCs.  Table 3-11 presents the respective receptors’ life history input values utilized in the HQ model.  As presented in the SLEA, the aquatic food chain receptor species are the mink (Mustela vison) and great blue heron (Ardea herodias)
.  Terrestrial receptor species are the short-tailed shrew (Blarina brevicauda), red-tailed hawk (Buteo jamaicensis), American robin (Turdus migratorius), and the cottontail rabbit (Sylvilagus floridanus).

3.7.1.  Red-tailed hawk

The most common North American buteo is the red-tailed hawk, which is found from Alaska to Central America.  Adults are approximately 18 inches long, have rufous tails, and dark brown upper parts. Males and females appear similar; however, the female is typically larger.  These hawks prefer a mixed landscape containing old fields, wetlands, and pastures for foraging, interspersed with groves of woodlands and bluffs, and stream side trees for perching and nesting (USEPA 1993).  The nest of sticks is built high up in trees.  Two to four dull white eggs with brown markings are usually laid in early spring.  Northern red-tailed hawks may migrate south for the winter, while many at central and southern latitudes are permanent residents (Kaufman 1996).

Red-tailed hawks hunt primarily from a high perch then swoop down to capture terrestrial prey in their talons.  Diet varies with location and season and typically includes small mammals such as voles, rats, rabbits and ground squirrels (Kaufman 1996).  Less common prey items may include birds, reptiles, frogs and carrion.  The diet of the hawk provides for a conservative evaluation of local raptor exposures and is representative of exposures to other raptors foraging from the Former IFG Facility Site. 

3.7.2.  Short-tailed shrew

The short-tailed shrew is a common small mammal of New York that inhabits timbered and fairly open habitats (DeGraaf and Rudis 1983).   Shrews have high metabolic rates and almost eat their weight in food every day (USEPA 1993).  The main diet of the shrew consists of insects, worms, sowbugs, snails, small vertebrates, centipedes, millipedes, and spiders (DeGraaf and Rudis 1983).  The shrew was selected as an assessment endpoint because of its high ingestion rate and consumption of terrestrial macroinvertebrates it likely represents the most significant small mammal exposure potential on the Former IFG Facility Site.

3.7.3.  American robin

The American robin occurs throughout most of the continental U.S. and Canada during the breeding season and winters in the southern half of the U.S. and in Mexico and Central America (USEPA 1993).  Breeding habitats include moist forests, swamps, open woodlands, orchards, parks and lawns (USEPA 1993).  

Robins forage by hopping along the ground in search of ground-dwelling invertebrates and by searching for fruit and foliage-dwelling insects in shrubs and low tree branches (USEPA 1993).  In the months preceding and during the breeding season, robins feed primarily on invertebrates and some fruits; during the remainder of the year, their diet consists primarily of fruits (USEPA 1993).  The robin serves as a surrogate species for insectivorous birds that are likely to inhabit the site and vicinity including other thrush and passerine species.

Most northern robins leave their breeding grounds from September to November and return between February and April.  However, a resident population of American robins remains in this portion of central New York throughout the winter.  Therefore, for the purposes of the BERA, it is conservatively assumed that the robin has the potential to forage from the site throughout the year.

3.7.4.  Eastern cottontail

The Eastern cottontail rabbit is a widely distributed herbivore, commonly found in the eastern U.S. and southern Canada.  The cottontail inhabits a large variety of habitats including woodlands, prairies, swamps and typically uses open grassy areas for foraging at night.  

During the growing season, cottontails eat herbaceous plants; whereas they consume woody vines, shrubs and trees in winter (USEPA 1993).  Cottontails are active all year.  Females may produce five to seven litters, totaling 25 to 35 young, per year.
This mammal was chosen as a representative assessment endpoint for herbivorous small mammals potentially frequenting the site.  Additionally, rabbits are prey for higher trophic level organisms and are an important game species (socially relevant receptor).

3.7.5. Great blue heron

Great blue heron are the most widespread of all the North American herons.  They live in both salt water and fresh water and tend to frequent shallow waters of lakeshores, ponds, bays, oceans, marshes, tidal flats, sandbars, and streams (Terres 1980).  Great blue heron perch and nest in trees, but spend the majority of time ashore or in shallow water.  The great blue heron tends to be solitary except during breeding when it nests communally in heronries in the tops of tall cypresses and pines (Terres 1980). 

Great blue heron are reported to forage up to 24 kilometers (km) from their nest site (USEPA 1993).  Heron most actively fish just before dawn and dusk either by standing in shallow water and waiting for prey to come within striking distance or from perch or flight by dropping into deep water to strike at schools of fish (Terres 1980).  Small fish are swallowed whole, while large fish are speared.  Heron may also hunt away from the water in meadows and fields.  Besides fish, the great blue heron will eat frogs, salamanders, snakes, shrimp, crabs, crayfish, grasshoppers, dragonflies, aquatic insects, small mammals, and occasionally rails and phalarope (Terres 1980).  Their consumption of fish and amphibians make their dietary exposures representative of other piscivorous birds that could frequent the site vicinity.

3.7.6.  Mink

The mink is a small nocturnal mammal that lives along rivers, creeks, lakes, ponds, and marshes.  The mink may use old muskrat burrows, abandoned beaver dens, or hollow logs for dens, or it may dig out its own den along stream banks (Whitaker 1980).  Mink hunt in and along the water and kill their prey by biting the neck (Whitaker 1980). The preferred food of mink is muskrats, but they also eat fish, frogs, young snapping turtles, snakes, small mammals, and marsh-dwelling birds.  Mink may eat on the spot or cache excess prey in their den (Whitaker 1980).  The home range of the mink has been estimated to range between 8 hectare (ha) and 20 ha in Montana rivers and from 1 km to 5 km along streams in Sweden (USEPA 1993).

No mink were observed during the wildlife survey of the study area.  In general, the study area of Ley Creek does not provide optimal mink habitat.  Mink tend to favor meandering streams with faster flows than the Ley Creek Study Area.  However, it is conservatively assumed that mink may occasionally visit the study area based on their recorded presence in other areas in central New York, and the presence of suitable prey species at the study area.  In addition, the mink is believed to be one of the most sensitive mammals to constituent exposures, particularly PCBs.  Selection of mink as a target surrogate mammal, therefore, provides for a conservative evaluation of mammalian exposures.  For this reason, the mink was selected for this exposure assessment to represent exposures to mammals through the aquatic food chain.

3.7.7.  Omnivorous and piscivorous fish

As part of the assessment of risk to the aquatic community, including omnivorous (Trophic Level 3) and piscivorous (Trophic Level 4) fish populations likely inhabiting Ley Creek will be evaluated.  Trophic Level 3 species feed indiscriminately upon benthic organisms, vegetation and potentially small fish.  Examples of omnivorous fish species observed in Ley Creek include pumpkinseed, bluegill and brown bullhead (see Table 3-1).  Trophic Level 4 fish are typically considered to feed exclusively on fish.  Historic sampling efforts have not retrieved piscivorous fish species from Ley Creek (see Tables 3-1 and 3-2).  However, for the purposes of this assessment, the largemouth bass is considered a surrogate species for the evaluation of potential risk to Trophic Level 4 fish potentially inhabiting Ley Creek.

3.8.  Life history parameters

The values proposed for the receptor-specific exposure parameters are presented in Table 3-11.  Most of the life history information was reproduced from USEPA’s Wildlife Exposure Factor’s Handbook (1993).  Additionally, when unavailable from the USEPA document, life history parameter values were also obtained from a secondary literature source – Decision Process Document, Volume IV of the Program Wide Generic Work Plans (Parsons Engineering Science, Inc. (Parsons) (2000).  The respective life history parameters for the selected receptors utilized in the food chain model are discussed in the following subsections.

3.8.1.  Red-tailed hawk

The red-tailed hawk was selected as the surrogate species for Trophic Level 4 (carnivorous) birds potentially foraging from the site.  Body weights of the hawk range between 0.957 kg and 1.235 kg.  The food ingestion rate of the hawk ranges between 0.086 and 0.11 kg forage per kg body weight per day (kg/kg/d).  The maximum and mean ingestion rates and body weights will be utilized in the food chain model.  The water ingestion rate of the hawk is reported in USEPA (1993) as 0.059 kg/kg/day.  The hawk does not ingest soil as part of its foraging behavior, therefore, a rate for incidental soil/sediment ingestion will not be incorporated into the model.

The red-tailed hawk’s diet is reported as 82 percent small mammals and approximately 18 percent other biota (birds and reptiles).  Therefore, it is assumed the diet of the hawk is 100 percent biota.

The majority of red-tailed hawks in New York winter in the south.  Therefore, based on a fall departure date of mid-November and a spring arrival date of mid-April, a time use factor (TUF) of 0.6 was incorporated into the food chain model.

An area use factor (AUF) of 0.11 was calculated for the hawk and utilized in the model.  An AUF is defined as the ratio of an organism’s home range or foraging range to the area of the site.  As reported in Parsons (2000), the foraging range of the hawk is 233 ha.  This range is based on a mean of 33 studies conducted in Oregon.  The Former IFG Facility site area is approximately 26 ha.  Therefore, the AUF is 26 ha/233 ha, or 0.11.

3.8.2.  Short tailed shrew

The short-tailed shrew was selected as the surrogate species for insectivorous small mammals potentially foraging from the site.  Body weights of the shrew range between 15 grams (g) and 19 g.  The food ingestion rate of shrew ranges between 0.49 and 0.62 g/g/d.  The maximum and mean ingestion rates and body weights will be utilized in the food chain model.  

In the food chain model for the BERA, the percent animal matter and vegetative matter in the shrew’s diet will be 83% and 17% respectively, as reported in USEPA (1993).  The water ingestion rate of the shrew is reported in USEPA (1993) as 0.223 g/g/day.  An incidental soil/sediment ingestion rate for the short-tailed shrew was unavailable in the reviewed literature.  Therefore, a soil ingestion rate of 0.6 g/day will be substituted in the model.  This rate is reported for the least shrew (Cryptotis parva) in Parsons (2000).

An AUF of 1 and a TUF of 1 will be utilized in the model as the shrew’s foraging range is smaller than the area of the site and the shrew is active year-round. 

3.8.3.  American robin

The robin was selected as the surrogate species for insectivorous birds likely foraging from the terrestrial portions of the site.  Body weights of the robin range between 78 g and 90 g.  The food ingestion rate of the robin ranges between 1.27 and 1.77 g/g/d.  The maximum and mean ingestion rates and body weights will be utilized in the food chain model.  

In the BERA food chain model the percent animal matter and vegetative matter in the robin’s diet will be 32% and 68% respectively, based on research conducted by Wheelwright (1986) in the eastern United States (as reported in USEPA (1993)).  The robin’s daily water ingestion rate is reported in USEPA (1993) as 0.14 g/g/day.  An incidental soil/sediment ingestion rate for the robin was unavailable in the reviewed literature.  Therefore, a soil ingestion rate of 1.0 g/day will be substituted in the model.  This rate is reported for the boat-tailed grackle (Quiscalus major) in Parsons (2000).

An AUF of 1 and a TUF of 1 will be utilized in the model as the robin’s foraging range is smaller than the area of the site and the robin inhabits the central New York area year-round. 

3.8.4.  Eastern cottontail rabbit

The Eastern cottontail rabbit was selected as the representative species for herbivorous mammals likely foraging from the terrestrial portions of the site.  Body weights for the cottontail range between 1.0 kg and 1.4 kg.  The cottontail’s food ingestion rate ranges between 0.88 and 0.112 kg/kg/d.  The daily ingestion rate for herbivorous mammals was calculated using equation 3-9 of USEPA (1993).  The maximum and mean ingestion rates and body weights will be utilized in the food chain model.  

In the BERA food chain model the percent vegetative matter in the cottontail’s diet will be 100%.  Incidental soil ingestion is identified as 0.015 kg/d rate in Parsons (2000).  The water ingestion rate of the rabbit is reported in USEPA (1993) as 0.097 kg/kg/day.

An AUF of 1 and a TUF of 1 will be utilized in the model as the cottontail’s foraging range is smaller than the area of the site and the cottontail is active year-round in the central New York area.

3.8.5.  Great blue heron

The great blue heron was selected as the surrogate species for trophic level 4 (piscivorous) birds potentially foraging from Ley Creek.  Body weights of the heron range between 1.87 kg and 2.54 kg.  The food ingestion rate of the heron ranges between 0.129 and 0.195 kg/kg/d.  The maximum and mean ingestion rates and body weights will be utilized in the food chain model.  

In the food chain model for the BERA, the percent biota (animal) matter in the heron’s diet will be 100 percent (98 percent fish and percent other aquatic organisms).  Incidental soil ingestion is reported as “negligible” in Parsons (2000), and therefore, will not be incorporated into the food chain model.  The water ingestion rate of the heron is reported in USEPA (1993) as 0.045 kg/kg/day.

Great blue herons migrate to the southern U.S. or coastal areas in the winter.  Therefore, it is likely that for five of the twelve months of the year, the heron would not be inhabiting the central New York area.  Based on a fall departure date of mid-November and a spring arrival date of mid-April, a TUF of 0.6 will be incorporated into the food chain model.  

The foraging area size reported in USEPA (1993) is 0.6 ha.  An approximation of the size of the foraging area offered by Ley Creek is 2.6 ha
.  Since the creek area is larger than the heron’s reported foraging area, an AUF of 1.0 will be utilized in the model.  The AUF of 1.0 assumes that the heron feeds exclusively from the study area portion of the creek (between Town Line Road and Route 11).  This assumption is conservative because the heron likely utilizes other suitable foraging areas in the vicinity of the site, such as North and South Branches of Ley Creek, Sanders Creek and the downstream portion of Ley Creek.  Additionally, it is reported in USEPA (1993) that the heron has traveled up to 24 km for food, further indicating that the heron would unlikely forage exclusively from the site.  Uncertainty associated with risk calculated for the heron, and the other receptors, as appropriate, will be presented in the BERA.

3.8.6.  Mink

The mink was selected to represent piscivorous mammals that could forage from the site.  The mink’s body weight ranges from 0.533 kg to 1.7 kg.  The food ingestion rate ranges from 0.12 to 0.22 kg/kg/day.  The maximum and mean food ingestion rates and body weights will be utilized in the food chain model.  

In the BERA food chain model the percent biota (animal) matter in the mink’s diet will be 100 percent; represented as 61 percent fish and 39 percent aquatic invertebrates.  The water ingestion rate of the mink is reported in USEPA (1993) as 0.1 g/g/day.  Incidental soil ingestion rates were not reported in the reviewed literature.  Therefore, direct sediment ingestion will not be incorporated into the mink’s food chain model.

A conservative AUF of 1.0 is assumed for the mink.  The foraging range for mink along streams is reported in USEPA (1993) as 1.23 to 2.63 km and the length of the Ley Creek study area is 2.5 km.  This assumption is conservative because the mink likely utilizes other suitable foraging areas in the vicinity of the site, such as North and South Branches of Ley Creek, Sanders Creek and the downstream portion of Ley Creek.  

Because the mink is assumed to be a year-round resident of central New York, the TUF utilized in the food chain model will also be 1.0.  The AUF and TUF are conservative because it is unlikely the mink would only forage from the Ley Creek study area due to the additional areas of foraging habitat in the vicinity of the site.  Additionally, as presented in Section 2, the mink was not observed during site visits historically conducted at the site.  Uncertainty associated with risk calculated for the mink, and the other receptors, as appropriate, will be presented in the BERA.

4. Effects assessment

The Effects Assessment describes the methods that will be used to characterize particular toxicological effects of COPCs to aquatic and terrestrial organisms due to exposure.  These measures of toxicological effects, called TRVs, provide a basis for estimating whether exposure to constituents at a site is likely to result in adverse ecological effects.  TRVs will be selected based on lowest observed adverse effect levels (LOAELs) and/or NOAELs from laboratory and/or field-based studies reported in the scientific literature. 

A general discussion of the ecotoxicity of PCBs, PAHs, PCDD/PCDFs, metals (essential nutrients and cyanide excluded), and SVOCs is presented in Section 4.1 below.  Details regarding the selected TRVs for COPCs are presented in Section 4.2.

4.1.  Ecotoxicity profiles

This section provides an overview of the toxic responses elicited by exposure to COPCs as reported in scientific literature.  The objective of the review is to present a general understanding of the potential toxic effects of COPCs rather than specifically estimate threshold values or critical toxicity endpoints.  Unless otherwise noted, the information in this section is compiled from ATSDR (1997), or the constituent-specific hazard reviews presented by Eisler (1985-1995).  Both of these sources are compilations of other studies and reports published in refereed journals.  O’Brien & Gere has not critically evaluated the data and conclusions of the cited reports, and do not necessarily endorse the specific results and conclusions of the cited studies. 

4.1.1.  PCBs

PCBs are very stable, lipophilic compounds that can be bioaccumulated by organisms, and are therefore considered in the food chain model.  The toxicological properties of PCBs are influenced primarily by the compound’s lipophilicity.  Steric factors resulting from different patterns of chlorine substitution on the biphenyl molecule also have an effect on the compound’s toxicity to receptors.  In general, PCB isomers that are lipophilic and have high numbers of substituted chlorines in adjacent positions constitute the greatest environmental concern (USEPA 1999a).  However, biological responses to individual isomers or mixtures vary widely, even among closely related taxonomic species.

Both terrestrial and aquatic plants can bioconcentrate PCBs although uptake of PCBs from soil is typically low (USEPA 1999a).  Limited information on the potential phytotoxicity of PCBs is available in the literature.  Effects of PCBs on plants include reduced growth and chlorophyll content, and negative effects on photosynthesis (USEPA 1999a).  Aroclor 1254 has been reported to cause reduced plant height on pigweed and reduced fresh shoot weight in soybean plants grown in soils containing 100 parts per million (ppm) (50 ppm had no effect on pigweed and 10 ppm had no effect on soybeans) (Efroymson et al. 1997a).  

The mink is usually considered one of the most sensitive mammals to PCB exposure, with sub-lethal effects on reproduction reported at 2 ppm in the diet (Eisler 1986).  Other reported impacts to mammals from exposure to PCBs can include wasting syndrome (weight loss not accompanied by reduced food intake) coupled with lacrimation, salivation, and/or diarrhea; skin disorders such as chloracne, edema, alopecia, and hyperkeratosis; immunosuppression; reproductive disorders including testicular atrophy, abnormal cycling, fetal resorption, reduced conception, and reduced birth weight; endocrine disorders; hepatic toxicity such as liver enzyme induction, liver enlargement, and liver carcinogenesis; and bone marrow suppression (Aiello 1998).  Reportedly, immature individuals and adult females are more susceptible to these impacts than other members of the population (Aiello 1998).

Potential toxicological impacts to aquatic organisms include chronic sub-lethal effects such as reduced growth rates, reproductive inhibition, and other physiological alterations (Eisler 1986).  Reported acute toxicity in aquatic organisms ranges from aquatic concentrations of 1 microgram per liter (µg/L) to 10 µg/L.  Diet may be a major route of PCB uptake for most aquatic species, particularly those at the highest trophic level (Eisler 1986).  

Birds are generally more resistant to acute effects of PCBs than are mammals.  Reported LD50s for birds range from 604 ppm in the diet to more than 6,000 ppm in the diet (Eisler 1986).  PCBs may accumulate in bird tissues and eggs (Eisler 1986).  Numerous biotic factors including fat content, tissue specificity, sex, and the developmental stage of an organism (Eisler 1986) affect residues of PCBs in birds.  Sexual differences in PCB bioaccumulation are pronounced due to the female’s ability to pass a significant portion of the PCB burden to eggs (USEPA 1999a).

4.1.2.  PAHs

Different PAH compounds exhibit markedly different toxicity following exposure to organisms.  Overall, toxicity increases as the molecule size increases but this is not a precise estimate of PAH toxicity.  PAHs are lipid soluble compounds but since they are usually metabolized rapidly by most fish, birds, and mammals, they do not typically biomagnify in food chains (Eisler 1987b).  

PAHs have not been shown to induce toxic effects in plants (Eisler 1987b).  However, plants can directly uptake PAHs from the soil and from the atmosphere, depending on the concentration, solubility, and molecular weight of the PAH.  Aboveground parts of vegetables have been found to contain more PAHs than underground parts, mainly attributable to airborne deposition and subsequent adsorption (Eisler 1987b).
PAHs can be introduced into mammals through ingestion, inhalation, and dermal exposure.  The effects of predominant concern in mammals exposed to PAHs are typically carcinogenic.  Acute and toxic effects such as destruction of hematopoietic and lymphoid tissues; reproductive effects such as ovotoxicity and antispermatogonic effects; adrenal necrosis; and changes in the intestinal and respiratory epithelia (Eisler 1987b).  The LD50 for rodents exposed to benzo(a)pyrene is 50 mg/kg body weight; for phenanthrene is 700 mg/kg body weight; and for fluoranthene is 2,000 mg/kg body weight.  

Aquatic species vary significantly in their ability to metabolize PAH compounds.  For organisms that can not readily metabolize PAHs (such as most mollusks) PAHs can be bioconcentrated to high concentrations.  Studies indicate that fish are capable of metabolizing PAHs by the mixed function oxidase (MFO) system in the liver and therefore do not bioconcentrate these constituents (USEPA 1999a).  Aquatic concentrations of naphthalene that were reported as acutely toxic to aquatic organisms range from 50 μg/L for a copepod (10-day LC30) to 150,000 μg/L for mosquitofish (96-hour LC50) (Eisler 1987b).  Toxicity of other PAHs can differ by an order of magnitude between species.

Information on toxic effects to avian species is limited, but chronic feeding studies with mallards showed no effects following exposure to up to 4,000 ppm PAHs in their diet.  Embryo toxicity may occur to birds when PAHs are applied directly to eggshells.  When 0.002 μg benzo(a)pyrene was applied to the eggshells, reduced embryonic growth and increased incidence of abnormal survivors was observed (Eisler 1987b).

4.1.3.  PCDD and PCDF compounds

PCDDs and PCDFs are hydrophobic compounds that are not easily metabolized and not easily excreted.  Therefore, these compounds are often stored in fatty tissues of animals for long periods of time.  These characteristics also lend to the ability for these compounds to biomagnify in the food chain, and therefore are important in food chain models.  

Toxic responses produced by exposure to these compounds include dermal toxicity, immunotoxicity, carcinogenicity, reproductive and developmental toxicity, and endocrine functions (Van den Berg et al. 1998).  Laboratory studies where rats were exposed chronically to 2,3,7,8-TCDD resulted in hepatic and lung cancer.  Immunotoxicity is reportedly the most sensitive and earliest indicator of exposure to toxic levels of PCDDs (Burns et al. 1996).  Endocrine disrupting chemicals have been given a research priority by the USEPA in recent years due to heightened awareness of community level effects observed in exposed ecosystems.  Since PCDD compounds have been reported as having anti-estrogenic activity, exposure may result in reproductive effects (ranging from diminished fertility, demasculinization and defeminization) and abnormal thyroid function (Thomas 1996).  Many of the toxic responses elicited by PCDD/PCDF exposure in mammals, birds, and fish are mediated by the compound’s ability to bind to the Aryl hydrocarbon (Ah) receptor.  The significance of this molecular mechanism is discussed below. 

Determining NOAELs for the many PCDD/PCDF compounds is challenging due to the large number of congeners and their co-existence in environments.  Furthermore, the complex nature of the many PCDD/PCDF congeners complicates the risk evaluation for ecological receptors (Van den Berg et al. 1998).  Due to these complexities, toxic equivalency factors (TEFs) will be applied to calculate quantitative estimates of the potential risks posed by ecological receptors exposed to PCDD compounds.  Out of the PCDD congeners, 2,3,7,8-TCDD is the most potent congener relating both to eliciting toxic effects (Van den Berg et al. 1998) and binding to the Ah-receptor (Burns et al. 1996).  Therefore, 2,3,7,8-TCDD is used as a baseline for comparing relative toxicity of these substances.  TEFs provide a mechanism to estimate the toxicity of mixtures of PCDD/PCDF compounds based on their relative ability to bind to the Ah receptor compared with 2,3,7,8-TCDD.  Since most of the toxic responses to PCDD exposure are caused by Ah-receptor binding, the ability to bind to this receptor is assumed to be an adequate representation for potential toxicity.  The TEF approach also assumes that the toxicological effects of different PCDD congeners are additive which is supported by many studies (Van den Berg et al. 1998).  Although the mechanism behind PCDD toxicity in mammals, birds, and fish appears to the same (binding to the Ah-receptor), laboratory studies have demonstrated differences in how PCDD compounds bind to the Ah receptor in these different species.  Therefore, the TEFs developed by the World Health Organization (WHO) will be used to estimate toxicity.  The WHO study (Van den Berg et al. 1998) developed congener-specific TEFs for mammals, birds, and fish based on an extensive review of in vivo and in vitro laboratory studies.  

4.1.4.  Metals

Several factors influence the toxicity of metal compounds to organisms.  Some of these considerations include:  interactions of toxic metals with essential metals; formation of metal-protein complexes; speciation of the metal; age and stage of development of the exposed organism; and the immune status of the exposed organism.  Where they apply to the COPCs from the site, these considerations are addressed in the constituent-specific descriptions below.  Toxicity profiles for essential nutrients (e.g., calcium, iron, potassium, sodium) and cyanide have not been compiled, but this information will be presented in the BERA. 

Aluminum

Plants suffering from toxic effects produced by exposure to aluminum display stuffy, brittle roots; reduced growth; delayed maturity; and collapse of growing points (Efroymson et al. 1997a).  The uptake of aluminum from the soil and subsequent transportation to stems and leaves varies considerably between plant species (USEPA 1999a).  Some plant species bioaccumulate aluminum in the root tissues.  Aluminum has several effects on plant roots, including:  interference with the cell division process; interference with the use, uptake, and transport of essential metals such as calcium, magnesium, potassium, and phosphorus; and reduced respiration.  Effects to plants were observed at solution concentrations ranging from 0.05 ppm (reduced root and shoot weight in onions) to 270 ppm (reduced shoot growth rate in scots pine).

Aluminum is poorly absorbed by exposed mammals.  No studies were located that described excretion of aluminum in animals; however in humans, absorbed aluminum is excreted primarily through the kidney (ATSDR 1997).

Information was not found in the literature regarding the fate of aluminum in birds.
Antimony

Information on antimony’s toxicity to plants was not identified.  Antimony is a nonessential metal, but is easily assimilated by plants (Efroymson et al. 1997a).  The uptake of antimony from soil depends on the solubility of the antimony in the soil (USEPA 1999a).

Antimony produces reproductive, pulmonary and hepatic effects in mammals (USEPA 1999a).  Antimony is reported to bioconcentrate in aquatic organisms (USEPA 1999a).

Arsenic

Arsenic is present in the environment in organic and inorganic forms, with the inorganic forms being more toxic.  Furthermore, trivalent forms of arsenic (also referred to as arsenites) are more soluble than pentavalent species (arsenates), and therefore are more toxic.  Pentavalent species of arsenic are typically five to ten times less toxic than trivalent species (Aiello 1998).  Therefore, identification of the arsenic species present can provide insight into potential toxicological effects to exposed organisms.  Arsenic does not biomagnify through the food chain because once ingested, arsenic is metabolized to compounds that are rapidly excreted.

Arsenic toxicity to plants is dependent on the arsenic species.  Arsenite (3+) is more toxic than arsenate (5+), and both of these inorganic forms are more toxic to plants than organic species of arsenic.  Arsenite is particularly toxic to cell membranes, and therefore is not as easily translocated as the arsenate species.  Bioavailability of arsenic also depends on the organic carbon and clay content of the soil.  Soils with high organic carbon and clay content tend to bind the arsenic species, and thus reduce the uptake by plants.  Impacts seen following exposure to As(III) range from reduced growth (spruce seedlings exposed to 1,000 ppm); to reduced shoot weight in soy beans (22.4 ppm) and cotton (89.6 ppm).  Toxic effects produced by As(V) included reduced growth (corn exposed to 10 ppm) and reduced yield (ryegrass exposed to 250 ppm) (Efroymson et al. 1997a).

Subchronic toxicity studies with dogs exposed to food containing sodium arsenite or sodium arsenate indicate that arsenite is potentially more toxic than arsenate.  The NOAEL for dogs exposed via oral ingestion was reported as 50 mg/kg-diet for both arsenite and arsenate.  Mice exposed to low levels of arsenite via drinking water over a two year period experienced decreased survival and reduced median life span in male and female mice (ATSDR 1997).

Acute toxicity to adult freshwater organisms has been reported at concentrations of 0.812 mg/L, and as low as 0.04 mg/L in early life stages of aquatic organisms (USEPA 1985).  Arsenic reportedly does not bioconcentrate to a great degree and therefore is not a major concern for the food chain model (USEPA 1985).  Arsenic poisoning in domestic animals causes hyperemia and edema of the gastrointestinal tract, hemorrhage of the cardiac serosal surfaces and peritoneum, pulmonary congestion and edema, and liver necrosis (USEPA 1985). 

Barium

The Ba2+ ion and the soluble compounds of barium (e.g. chloride, nitrate, hydroxide) are generally highly toxic to experimental animals (ATSDR 1997).  Conversely, the insoluble barium compounds (e.g. sulfate and carbonate) are inefficient sources of the Ba2+ ion and therefore are generally nontoxic.  

NOAELs in rats for chronic exposure to barium ranged from 0.7 to 35 mg/kg-day for systemic and neurological effects (ATSDR 1997). 

Experiments in rats have shown that younger animals (22 days old or less) absorb about ten times more barium chloride from the gastrointestinal tract than do older animals (ATSDR 1997).

Beryllium

In environmental media, beryllium usually exists as beryllium oxide. Beryllium has limited solubility and mobility in sediment and soil.  Beryllium uptake by plants occurs when beryllium is present in the soluble form.  The highest levels of beryllium are found in the roots, with lower levels measured in the stems and foliage (USEPA 1999a).

Exposure routes for aquatic organisms include ingestion and gill uptake.  Beryllium does not bioconcentrate in aquatic organisms.  Beryllium is toxic to warm water fish, especially in soft water (USEPA 1999a).  Beryllium uptake from water is low, resulting in low bioconcentration rates (USEPA 1999a).  Biomagnification of beryllium in aquatic food chains does not occur (USEPA 1999a).

Mammals exposed to beryllium via inhalation exhibit pulmonary effects which may last long after exposure ceases (USEPA 1999a).  In mammals, beryllium compounds are absorbed primarily through the lung (ATSDR 1997). 

Information was not available on the fate of beryllium in birds.

Cadmium

Cadmium exists in the environment in the elemental (0+) state or the 2+ valance state in nature. Freshwater aquatic species are most sensitive to the toxic effects of cadmium, followed by marine organisms, birds, and mammals (USEPA 1999a).

Exposure routes for aquatic organisms include ingestion and gill uptake. Freshwater biota are the most sensitive organisms to cadmium exposure, with toxicity inversely proportional to water hardness.  Cadmium bioaccumulates in aquatic receptors (USEPA 1999a).

Cadmium also bioaccumulates in terrestrial animals, but not to the levels demonstrated in aquatic organisms (USEPA 1999a).  Exposure routes for ecological mammalian species include ingestion and inhalation. Cadmium interferes with the absorption and distribution of other metals and causes renal toxicity in vertebrates (USEPA 1999a). 

Chromium

Chromium is a heavy metal that exists in either a trivalent (Cr III) or hexavalent (Cr VI) oxidation state.  In the presence of reducing agents, Cr VI is rapidly converted to Cr III, which adsorbs to soil components and becomes less mobile.  The hexavalent form is typically considered more toxic to most species.  

Plants exposed to toxic concentrations of chromium suffer from reduced root and total growth and curled leaves (Efroymson et al. 1997a).  Chromium absorbed by plants tends to remain in the roots and is poorly translocated to the leaves.  Studies that exposed plants to chromium in soil showed toxic effects at concentrations ranging from 1.8 ppm (lettuce) to 30 ppm (reduced fresh shoot weight in soybean seedlings).  Studies in which plants were exposed to chromium in solution reported effects ranging from 0.05 ppm Cr(III) (reduced leaf and stem weights of chrysanthemum seedlings) to 100 ppm (reduced root length and fresh root weight in tomato seedlings) (Efroymson et al. 1997a).

Water hardness, temperature, dissolved oxygen, species, and age of test organisms affect chromium toxicity to aquatic life (USEPA 1985).  Chromium accumulates in a variety of aquatic biota, especially benthic organisms; however, biota levels are usually lower than sediment concentrations (USEPA 1985).  

Copper

Copper can bioconcentrate in plant and animal tissue, but most animals effectively regulate copper uptake since it is an essential nutrient.  Copper is a co-factor for many enzymes.  The toxicity of copper is significantly affected by pH, alkalinity, and temperature.  Hard water generally reduces copper toxicity, while low pH increases solubility and, therefore, toxicity (USEPA 1985).  

Plants require a certain amount of copper since one of the proteins involved in photosynthesis is a copper-based protein.  However, exposure to high levels of copper can produce toxic effects such as reduced growth, poorly developed root systems, and leaf chlorosis (yellowing of the leaves due to lack of chlorophyll) (Efroymson et al. 1997a).

Leopard frog tadpoles exhibited reduced growth rates at concentrations of 0.06 ppm in water and concentrations greater than 0.38 ppm were lethal.  The reported LC50 for the bluegill is 1.25 ppm.  Significant mortality was reported to occur to Daphnia magna at 68 ppm in water.  Acute copper toxicity in domestic animals produces gastroenteritis with symptoms of abdominal pain, diarrhea, dehydration, and shock.  Hematological and hepatic effects are also seen in acute poisoning.  Chronic copper toxicity also occurs in domestic animals.  Sheep exposed daily to 3.5 mg/kg copper in diet will produce chronic copper toxicity, exhibited by hepatic and hematological changes (Eisler 1998). 

Lead

Lead has a relatively low toxicity to plants.  Most of the toxicity studies observed effects on root length and growth.  The benchmark for lead in soil is 50 ppm and is based on the results of 17 studies with several different plant species.  LOAELs from these studies ranged from 50 ppm (reduced tree weight in red oak seedlings) up to 1,000 ppm (reported by several studies) (Efroymson et al. 1997a).  Plants exposed to lead in solution exhibited symptoms of effects at concentrations ranging from 0.001 ppm (reduced root length in cluster beans) to 207 ppm (reduced fresh weight of maize seedlings) (Efroymson et al. 1997a).

Lead is known to be toxic to mammals, but information on effects on wild species is relatively limited.  The single dose LD50 reported for the guinea pig is 2,000 mg/kg body weight, and for the rabbit is 125 mg/kg body weight.  The 30-day LC50 reported for the leopard frog is 105 mg/L, but sub-lethal effects were observed at 25 mg/L in water (Eisler 1988).  Demonstrated effects of lead exposure to plants include reduced photosynthesis, reduced mitosis, and reduced water absorption.  Lead does not biomagnify in the food chain but can bioaccumulate.  However, it is typically stored in hard tissue, such as bone and teeth (Eisler 1988).  The adsorption and toxicity of soluble lead to aquatic organisms is hardness dependent.  Little information is available on the relative toxicity of the various forms of lead.  Eisler (1988) has reported lead to be toxic to freshwater species at water concentrations ranging from 0.14 mg/L to 236 mg/L, and chronic effects at water concentrations of 0.012 mg/L to 0.083 mg/L.

Mercury

Mercury exists in three valence states: mercuric (Hg2+), mercurous (Hg1+), and elemental (Hg0+) mercury.  It is present in the environment in inorganic and organic forms, with the organic forms exhibiting greater toxicity to nearly all receptors.  Mercury and its compounds are not easily taken up by plants since most mercury in the environment is tightly bound to soil particles.  LOAELs for plants exposed to inorganic mercury species range from 0.0005 ppm (reduced root and shoot dry weight in perennial ryegrass) to 50 ppm (reduced root length and plant weight in barley) (Efroymson et al. 1997a).  Spruce seedlings exposed to 0.002 ppm methylmercury in solution experienced reduced transpiration rate and carbon dioxide uptake (Efroymson et al. 1997a).

In aquatic and terrestrial receptors, some forms of mercury, especially the organic form (monomethylmercury) can bioaccumulate significantly and biomagnify in the food chain.  In all ecological receptors, the target organs for mercury toxicity are the kidney and central nervous system (USEPA 1999a).  However, mercury elicits numerous other adverse effects including reproductive toxicity and mutagenicity. 

The primary exposure route for fish is uptake of mercury from surface water via sorption at the gill surface (USEPA 1999a).  In aquatic organisms, bioaccumulation is rapid and elimination is slow.  Absorbed mercury is distributed to the blood and ultimately the internal organs.  Mercury which is not absorbed is eliminated rapidly in the feces (Eisler 1987a).  The biological half-life of mercury in fish is approximately 2 to 3 years (USEPA 1999a).  In general, mercury accumulation is enhanced by elevated water temperatures, reduced water hardness or salinity, reduced water pH, increased age of the organism, reduced organic matter content of the medium, and the presence of zinc, cadmium, or selenium in solution (USEPA 1999a).

Mercury is readily absorbed by terrestrial species following exposure via oral and inhalation routes. Mercury is bioaccumulated by terrestrial species primarily in the kidney (USEPA 1999a), and mercury is biomagnified in mammals (Eisler 1987a).  Retention of mercury in mammals is longer for methylmercury compounds than for inorganic forms.  All mercury compounds interfere with metabolism in organisms, causing inhibition or inactivation of proteins.  In mammals, exposure to methyl mercury is reported to irreversibly destroy the neurons of the central nervous system (Eisler 1987a). 

Mercury toxicity to avian species is complex and depends on many factors including the form of mercury, dose, route of exposure, species, sex, age, and physiological condition of the exposed individual (Eisler 1987a).  Body burdens of 20 mg/kg mercury in laboratory studies with passerines were associated with acute poisoning and death (Eisler 1987a).  Acute oral toxicity ranged from 2.2 to 31.0 mg/kg for most species tested (Eisler 1987a).  

Nickel

Plants exposed to toxic concentrations of nickel experience iron deficiency induced chlorosis and foliar necrosis, and inhibited photosynthesis and transpiration (Efroymson et al. 1997a).  High concentrations of nickel may also impact nutrient absorption, root development, and metabolism (Efroymson et al. 1997a).  Experiments regarding phytotoxicity to nickel in soil reported LOAELs ranging from 50 ppm (reduced tree weight for red oak seedlings; 20 ppm was the NOAEL) to 294 ppm (reduced corn plant weight; the NOAEL was 220 ppm) (Efroymson et al. 1997a).

Nickel toxicity in aquatic systems is water hardness dependent, with higher toxicity associated with lower hardness values.  Acute water exposure values for nickel range from 0.51 mg/L for Daphnia magna to 46.2 mg/L for banded killifish at comparable hardness levels (USEPA 1985).  Freshwater algae experienced reduced growth at Nickel concentrations of 0.1 mg/L (USEPA 1985). 

Selenium

Selenium can bioaccumulate in exposed species.  Toxicity of selenium is dependent on the valence state and water solubility of the compound in which it occurs.  Selenium bioaccumulates in aquatic species (USGS 1999a) but toxicity to aquatic organisms was not available.

Selenium can produce toxic effects in plants exposed to high concentrations of this nonessential metal.  Plants exposed to toxic concentrations of selenium exhibit chlorisis, stunting, and yellowing of the leaves (Efroymson et al. 1997a).  Toxicity assays conducted in soil mediums reported LOAELs for reduced shoot weight in alfalfa ranging from 1.5 ppm to 4 ppm (the corresponding NOAELs were 0.5 ppm and 2 ppm) (Efroymson et al. 1997a).  Several studies were conducted to elucidate the effects of selenium in solution on plants; however most of these studies observed effects at the lowest concentrations tested.  

Chronic selenium toxicity can occur in grazing animals feeding on plants with selenium concentrations between 3 mg/kg and 25 mg/kg over a long period of time, and plant concentrations above 400 mg/kg have had lethal results (USEPA 1985).  Livestock exposed to selenium by grazing on plants containing selenium can develop a condition called "alkali disease", which is characterized by loss of hair, inflammation of the coronary band followed by cracked or malformed hooves, rough hair coat, impaired vision, aimless wandering behavior, reduced consumption of food and water, and paralysis (Aiello 1998).  Adverse reproductive and developmental effects (decreased rates of conception, increased rates of fetal resorption, and reduced fetal body weights) have been reported for domesticated and laboratory animals (Opresko 1993).

Although little information was found regarding the toxicity to selenium to avian species, it is reported to be teratogenic in birds (Opresko 1993).

Thallium

Thallium commonly exists in either the monovalent (thallous) or trivalent (thallic) form.  Thallium is taken up by the roots of higher plants.  Exposure to high concentrations of thallium can inhibit chlorophyll formation and seed germination (USEPA 1999a).  

In aquatic organisms, thallium is absorbed primarily from ingestion and thereafter bioconcentrates in the organism (USEPA 1999a).  Toxic effects have been observed in numerous aquatic organisms including daphnia, fat-head minnow, sheepshead minnow, saltwater shrimp, Atlantic salmon, bluegill sunfish, and others (USEPA 1999a).

Birds and mammals are exposed to thallium via ingestion of soil, water, and plant material (USEPA 1999a). Thallium exposure in mammals causes cardiac, neurological, reproductive and dermatological effects (USEPA 1999a).  

Vanadium

In the environment, vanadium can be present in one of its six oxidation states or its numerous chemical forms.  From a toxicological standpoint, the most important inorganic vanadium compounds are vanadium pentoxide (V2O5), sodium metavanadate (NaVO3), sodium orthovanadate (Na3VO4), vanadyl sulfate (VOSO4), and ammonium vanadate (NH4VO3) (ATSDR 1997).  Based on acute toxicity, ammonium vandate has been reported to be more than twice as toxic as trivalent VCl3 and more than 6 times as toxic as divalent VI2.  vanadium pentoxide has been reported to be more than 5 times as toxic as trivalent V2O3 (Opresko 1991).  

Vanadium taken up by plans its primarily stored in the roots as an insoluble form with calcium (Efroymson et al. 1997a).  Plants exposed to toxic concentrations of vanadium exhibit chlorosis, dwarfing, and inhibited root growth (Efroymson et al. 1997a).  While impacts to plants from vanadium exposure have been identified, there are relatively few laboratory studies presented in the literature.  Reduction in root weight of lettuce seedlings were noted when 0.2 ppm vanadium was added to solution, while 0.1 ppm had no effect.  Wheat and millet showed no effects when exposed to 40 ppm vanadium in solution (Efroymson et al. 1997a).  However, lettuce, turnip, and cabbage displayed reduced radical length when exposed to 2.5 ppm vanadium in solution (Efroymson et al. 1997a).

Mammals exposed to toxic concentrations of vanadium experience vasoconstriction, diffuse desquamative enteritis, congestion and fatty degeneration of the liver, congestion and focal hemorrhages in the lungs and adrenal cortex (Opresko 1991).  Uptake of vanadium was greater in the bones of rats than in bones of dogs exposed to the same dietary levels of vanadium (Opresko 1991).

Zinc

Although plants utilize zinc as an essential nutrient, high concentrations can be toxic.  Symptoms of zinc toxicity include chlorosis and depressed growth (Efroymson et al. 1997a).  Phytotoxicity studies conducted in solution reported LOAELs ranging from 0.41 ppm for clover to 6.6 ppm for bush bean (NOAELs were 0.08 ppm and 0.65 ppm, respectively) (Efroymson et al. 1997a).  LOAELs for zinc in soil ranged from 25 ppm (reduced soybean seed production per plant) to 131 ppm (leaf and root weights of soybeans) (Efroymson et al. 1997a).  The corresponding NOAELs for these studies were 10 ppm and 115 ppm, respectively.

In terrestrial species, chronic exposures to zinc can result in anemia, enteropathy, and kidney damage (Sileo and Beyer 1985).  Studies conducted with livestock and laboratory animals suggest that these species are relatively resistant to zinc toxicity (Eisler 1993).  However, ingestion of large doses results in neurological, hematological, immunological, hepatic, renal, cardiovascular, developmental, and genotoxic effects (Eisler 1993).

Toxicity of zinc to aquatic species is somewhat dependent on the water pH, which favors speciation of different zinc species.  Sensitive aquatic species have LOAELs between 10 and 25 parts per billion (ppb) in water (Eisler 1993).  Zinc in water can be acutely toxic to freshwater organisms at concentrations ranging from 0.090 mg/L to 58.1 mg/L, and chronic effects have been reported at levels from 0.047 mg/L to 0.852 mg/L (Long and Morgan 1990).  Generally, embryos and juveniles were more susceptible to zinc toxicity (Eisler 1993).  Behavioral effects in fish are observed at concentrations of 5.6 ppb.  

Toxic effects in birds from exposure to high levels of zinc range from lethality, molting, and loss of muscular control/strength.  Mallards experience increased mortality when fed diets containing 742 mg/kg body weight (Eisler 1993).

4.1.5.  SVOCs

Several SVOC compounds were retained as COPCs based on the screening conducted in the PFD.  Ecotoxicity profiles are only presented for the two SVOCs for which sufficient information was available in the literature. 

bis(2-Ethylhexyl)phthalate

bis(2-Ethylhexyl)phthalate (BEHP) adsorbs strongly to soil and sediment, and it may be biodegraded in aerobic environments.  For aquatic receptors, acute median effect values range from 1 mg/L to 11.1 mg/L in water for Daphnia magna; significant reproductive impairment was observed in chronic tests at 0.003 mg/L (USEPA 1985).  The LC50 values for the midge, scud, and bluegill exceeded the highest concentrations tested, which were 18 mg/L, 32 mg/L, and 770 mg/L, respectively (USEPA 1985).  Since these values are greater than the water solubility of BEHP, it is unlikely that BEHP is acutely toxic in freshwater systems.  A chronic toxicity value of 0.0084 mg/L was reported for the rainbow trout (USEPA 1985).  BEHP bioconcentration in aquatic organisms is generally low, therefore food chain biomagnification in upper-trophic-level fish is unlikely (USEPA 1999a).

Mammalian and avian wildlife can metabolize and eliminate BEHP, therefore, it does not biomagnify in these receptors (USEPA 1999a).

Di(n)octyl phthalate

Di(n)octyl phthalate is a high-molecular-weight compound with a low water solubility and low vapor pressure.  Therefore it adsorbs strongly to the soil and sediment.  Di(n)octyl phthalate may accumulate to relatively high levels in algae, aquatic invertebrates, and fish, and accumulate to low levels in terrestrial wildlife (USEPA 1999a).  Since most higher-trophic-level receptors quickly metabolize it, it does not biomagnify in food chains (USEPA 1999a).  

No information was available on the fate of DOP in birds or plants.

4.1.6.  VOCs

Trichloroethene 

Trichloroethene does not occur naturally in the environment.  It evaporates easily but can persist in soil, sediment, and groundwater for long periods of time.  Trichloroethene in soil tends not to degrade, and due to this persistence it can pass through the soil and into underground water.  When trichloroethene is broken down in the air, phosgene, a lung irritant, can be formed (ATSDR 1997).  No information could be found in the literature regarding the toxicity of trichloroethene to aquatic species, birds, and plants.  One toxicological review reported that trichloroethene does not bioaccumulate in fish, but it has been found at low levels in them (ATSDR 1997).  The only toxicity information available is limited to studies conducted on laboratory animals.  

Mammals exposed to trichloroethene tend to rapidly metabolize the compound.  However, studies with laboratory animals have demonstrated that some of these metabolites elicit toxic effects on the animals (ATSDR 1997).  Due primarily to this rapid breakdown, trichloroethene does not bioaccumulate in mammals (ATSDR 1997).

Acute oral LD 50s have been determined for mice and rats exposed to trichloroethene.  These tests suggest that the lethality of trichloroethene may be related to the delivery vehicle (oil versus water).  Administration of trichloroethene in an aqueous vehicle proved to be more lethal but less hepatotoxic than similar administration of trichloroethene in corn oil (ATSDR 1997).  Animal deaths have occurred as a result of tumors or other conditions (body weight loss, respiratory infection, renal failure, and central nervous system depression) following intermediate-duration exposure in studies (ATSDR 1997).

Chronic studies in laboratory animals have reported toxic effects in the liver, kidney, and central nervous system (ATSDR 1997).  In animal studies, signs of neuropathology have been observed in response to oral doses of trichloroethene.  Central nervous system effects were also observed during two chronic studies of rats and mice (ATSDR 1997).

4.2.  Compilation of benchmark values

As part of the BERA, the detected chemical concentrations in surface soil, sediment, and surface water will be compared with published benchmark concentrations for adverse effects on aquatic or terrestrial life. Benchmark concentrations are defined as “concentrations of chemicals in ambient media that are believed to represent acceptable concentrations with respect to selected ecological receptors. In general, if the benchmark concentrations are not exceeded, further analysis of that contaminant and ecological receptor is not warranted” (USDOE 1998a). As indicated, benchmark values are typically intended to be used as part of the screening level assessment in order to identify COPCs for further assessment in the BERA.  However, comparison with benchmark values may also be applied in the BERA process as part of a “weight-of-evidence” evaluation for assessing site specific ecological risks.  USDOE (1998a) discusses the application of benchmark values in the BERA process as follows:

“They [ecological risks] should be based on a weighing of all available lines of evidence including biological surveys, toxicity tests performed with contaminated media, and conventional single-chemical toxicity tests. The role of the benchmarks in this process depends on the availability of other data to support the inference. For example, if high quality biological survey or media toxicity data are available for the site, single-chemical data may be used simply to confirm the reasonableness of those results. For that purpose, the benchmarks may be adequate. However, if more realistic and site-specific effects data are not available or give ambiguous results, it is necessary to use single-chemical toxicity data to make the best possible estimate of risks. Simply using the benchmarks is not adequate for that purpose. Rather, the assessor should return to the literature from which the benchmarks were derived and reanalyze it in a way that is relevant to the specific assessment endpoint and medium being considered. In some cases this will lead to the conclusion that one of the benchmarks provides the best estimate of the effects on the endpoint entity, property, and effects level.”
Since the BERA calls for a more detailed and site specific evaluation than the screening assessment, the published benchmark values may be re-selected on a constituent specific basis by prioritizing data from environments comparable to the Plant Site and Ley Creek aquatic habitat.  For example, given that Ley Creek is a fresh water environment, it is appropriate to prioritize fresh water data as opposed to estuarine or marine data in selecting benchmark values.  A modification of the sediment screening methodology recommended by NYSDEC (1998b) will be used as a basis to evaluate ecological risks associated with constituents in sediments and surface soil.  According to the NYSDEC guidance, two levels of protection are identified as a basis for sediment quality screening criteria.  These are the Lowest Effect Level (LEL) and the Severe Effect Level(SEL).  The LEL indicates a level of sediment contamination that can be tolerated by the majority of organisms.  The SEL is reported as the concentration above which it is expected that adverse ecological impacts may occur.  The NYSDEC methodology will be modified and applied to evaluate sediments, surface soils, and surface water as discussed below.

Sediments:  For sediments, the published NYSDEC LELs and SELs are based on the data of Long and Morgan (1990) and Persaud et al. (1993).  Long and Morgan (1990) reviewed and categorized chemical effects data in sediments according to low and median toxic effects for benthic organisms observed in field studies across the nation, including fresh water, estuarine, and marine environments.  The data from Persaud et al. (1993) is based on sediment bioassays in the Great Lakes (fresh water).  To derive the screening level SELs or LELs, NYSDEC selected the lower value from either Long and Morgan (1990) or Persaud et al. (1993), regardless of habitat considerations.  A summary of the specific data sources which will be included in compiling the BERA LELs and SELs is presented below :

· Long and Morgan 1990; Long et al. 1995 - Effects Range-Medians and Effects Range-Lows:  The effects range approach for deriving sediment quality guidelines involves matching dry-weight sediment contaminant concentrations with associated biological effects data.  Long and Morgan (1990) originally developed informal guidelines using this approach for evaluation of NOAA’s National Status and Trends (NS&T) data.  Data from equilibrium partitioning modeling, laboratory, and field studies conducted throughout North America were used to determine the concentration ranges that are rarely, sometimes, and usually associated with toxicity for marine and estuarine sediments (Long et al. 1995).  Effects range-low (ERL) and effects range-median (ERM) values were derived by Long et al. (1995) for 28 chemicals or classes of chemicals: 9 trace metals, total PCBs, 13 individual PAHs, 3 classes of PAHs (total low molecular weight, total high molecular weight, and total PAH), and 2 pesticides.  For each chemical, sediment concentration data with incidence of observed adverse biological effects were identified and ordered.  The authors identified the lower 10th-percentile concentration as the ERL and the 50th-percentile concentration as the ERM.  According to the authors, in terms of potential biological effects, sediment concentrations below the ERL are defined as in the “minimal-effects range,” values between the ERL and ERM are in the “possible-effects range,” and values above the ERM are in the “probable-effects range.” 

· Washington State 1997, Apparent Effects Thresholds (AETs):  The AET approach is another empirical data evaluation approach to defining concentrations in sediment associated with adverse effects.  The AET concept applies to matched field data for sediment chemistry and any observable biological effects (e.g., bioassay responses, infaunal abundance at various taxonomic levels, bioaccumulation).  By using these different biological indicators, application of the resulting sediment quality values enables a wide range of biological effects to be addressed in the management of contaminated sediments.  Using sediment samples from Puget Sound in Washington State, AET values have been developed for 52 chemicals: 10 trace metals, 15 individual polynuclear aromatic hydrocarbons (PAHs), 3 pesticides, 6 halogenated organics, and 18 other compounds.

The focus of the AET approach is to identify concentrations of contaminants that are associated exclusively with sediments exhibiting statistically significant biological effects relative to reference sediments.  For a given data set, the AET value for a chemical is the sediment concentration above which a particular adverse biological effect for individual biological indicators (amphipod bioassay, oyster larvae bioassay, Microtox bioassay, and benthic infaunal abundance) is statistically elevated relative to matched reference conditions.  Two thresholds were recognized in the evaluations conducted in this report, when possible, based on the different indicators.  The USEPA defined the AET-low as the lowest AET among applicable biological indicators, and the AET-high as the highest AET among applicable biological indicators.  The two thresholds will be used in this evaluation to evaluate the sediment data against a range of effects values.  Further, if necessary, the AET values may be modified to focus on data sources, toxicological end points, and habitats which are applicable to site specific conditions in Ley Creek.

· Persaud et al. 1993 - The Ontario Ministry of the Environment (Ontario MOE) Provincial Sediment Quality Guidelines.  These values are based on Ontario sediments and benthic species from a wide range of geographical areas within the province (Persaud et al. 1993).  According to the criteria defined by Persaud et al., the lowest effect level (Low) is the level at which actual ecotoxic effects become apparent.  The severe effect level (Severe) represents contaminant levels that could potentially eliminate most of the benthic organisms (Persaud et al. 1993). 

· Pastorok et al. (1994) investigated the effects of sediment PAH associated with a creosote treating plant located on the Willamette River in Oregon.  They observed total sediment PAH as high as 540 ppm (TOC) or 10.26 ppm (dry sediment weight assuming 1.9% TOC).  These authors assessed the effects on organisms at this site by conducting Microtox and Hyalella bioassays.  In addition to sediment chemistry, bioaccumulation studies in fish (Catastomus macrocheilus) and crayfish (Pacifastacus leniusculus) were complimented with a histopathological survey of the livers of the large-scale sucker (Castastomus macrocheilus).

Surface Soils:  The USDOE soil benchmarks for the toxicity to plants (USDOE 1998a) and soil invertebrates and heterotrophic processes (USDOE 1998b) will be used as the basis for selecting surface soil benchmark values.  A brief description of these data sources and the application in the BERA is presented below.

· Plant Toxicity : USDOE derived thresholds for effects on growth and reproduction based on published toxicity studies conducted in soil or solution.  They identified benchmarks as concentrations of chemicals that correspond to the Lowest Observed Effects Concentration (LOEC) for the 10 percentile of plant species tested.  Statistically significant effects thresholds were used unless a lower concentration tested corresponded with a 20% level of effects.  Further, they assumed that tests conducted in nutrient and mineral solution were representative of exposures of plants to contaminants measured in very shallow ground water (seeps and springs) or in aqueous extracts of soil.

· Soil invertebrates and heterotrophic processes :  The USDOE benchmarks for toxicity to soil invertebrates and heterotrophic processes represent thresholds (LOECs) for statistically significant effects on growth, reproduction, or activity.  They selected toxicity benchmarks by rank-ordering the LOEC values and then selecting a value that approximated the 10th percentile.  If ten or fewer values were available for a chemical, they used the lowest LOEC.

4.3.  Compilation of no observed adverse effects levels

The toxicological benchmark used at the screening level is the laboratory-derived NOAEL.  The NOAEL is a literature-derived toxicological effect concentration.  NOAELs are constituent and organism specific and are based on laboratory toxicity studies. 

Tables 4-1 through 4-8 present the TRVs and their sources for great blue heron, mink, short-tailed shrew, red-tailed hawk, American robin, cottontail rabbit, and fish, respectively.  Fish toxicity data is presented in two tables due to the inherent differences in how these values are derived.  Table 4-7 presents benchmarks for concentration in surface water that elicit adverse effects in fish.  Table 4-8 presents TRVs based on measured constituent levels in fish tissue.  The primary references utilized in the identification of the NOAEL values are:

Sample et al. (1996) (for the Oak Ridge National Laboratory) reviewed the research related to toxicity of constituents to wildlife and extrapolated the laboratory-derived values to a variety of other wildlife species, based on ratios of body size, water ingestion, and food consumption.  The studies used to derive values for endpoint species were obtained from the USEPA TERRE-TOX database, U.S. Fish and Wildlife Service (USFWS) reports, USEPA criteria documents, Public Health Service toxicity profiles, and many referred journals, such as Environmental Toxicology and Chemistry, Archives of Environmental Contamination and Toxicology, and Journal of Wildlife Management.

California Exposure Factor and Toxicity Database, Cal/EPA (2000).  The State of California maintains a database of species specific and receptor specific toxicity based on their review of the available literature.  NOAEL values for the constituents and receptors were retrieved from this database as available.

Uncertainty factors:  Ideally, laboratory toxicity data performed on target species to study chronic effects caused by exposure to each site-related constituent will be used for the toxic effects assessment.  However, species- and constituent-specific data for the desired receptors and effects is not always available.  Laboratory toxicity studies have been performed on relatively few species that are found in the wild; therefore, NOAELs are often extrapolated to species other than those tested.  The sources identified above provide the most current sources of wildlife toxicity information.  There is always uncertainty associated with extrapolations of laboratory data to conditions in the wild or to other species.

Ideally, chronic NOAELs for studies in which the study endpoint is reproductive toxicity, developmental toxicity, or reduced survival from scientifically rigorous studies should be used.  However, this type of data is not always available.  In these instances, uncertainty factors are used to conservatively adjust the toxicity data.  This reduces the likelihood of underestimating ecological risk from potential exposure to constituents.  However, it increases the risk of overestimating potential impacts.

In some cases, NOAEL values were provided in Sample et al. (1996).  These authors have already applied uncertainty factors to the estimated wildlife NOAELs reported in this document.  Therefore, when these values are reported, no additional uncertainty factors are applied.  Toxicity values obtained from Parsons (2000) also already have uncertainty factors applied to the NOAELs to account for study duration, etc.  Therefore, the toxicity values reported from this document do not have additional uncertainty factors applied.

For some constituents, toxicity information for the taxonomic group was not available in the literature.  When chronic-exposure toxicity studies on the effects of a COPC on lethality, growth, or reproduction are not available for a species of concern to the risk assessment, extrapolations from other studies are made in order to estimate toxicity values for the target species.  For example, if toxicity data is unavailable for a particular species of bird, toxicity data for a related species of bird is used if appropriate information was available.  

Uncertainty factors (UFs) were utilized to account for the uncertainty of differences between toxicological responses of different organisms, different test endpoints, and test duration.  UFs between 0.1 and 0.01 are typically used to account for these uncertainties (Sample et al. 1996; USEPA 1995a).  This approach is applied as a margin of safety and assumes that the target species is more sensitive than the test species, which may not necessarily be a valid assumption.  The adjustment effectively biases the calculated value towards a more conservative outcome.  Although extrapolations across groups (mammal to bird) are not generally recommended (Sample et al. 1996), UFs of 0.01 were utilized to derive NOAEL values for bird species from NOAELs for small mammals due to the lack of toxicity information for bird species for several COPCs.  The NOAELs utilized in the terrestrial and aquatic HQ modeling, and their associated UFs, are presented in Tables 4-1 through 4-7 for the respective receptor. 

The list below was adapted from USEPA (1999a) and presents the UFs as they were applied to the toxicity data to adjust for differences in test species, test endpoint ,and exposure duration:

· Chronic NOAEL for different taxonomic group:  UF = 0.01,

· Acute lethal dose (LD50 or LC50):  UF = 0.01,

· Subchronic NOAEL:  UF = 0.1,

· Chronic LOAEL (or LOAEC):  UF = 0.1, and

· Chronic NOAEL:  UF = 1.

5. Risk characterization

The risk characterization of the BERA will synthesize the estimates of receptor exposure (Section 3) and toxicological effects (Section 4) into a statement regarding the potential adverse impacts to the assessment endpoints identified in Section 2.5.  The risk characterization will include both qualitative and quantitative descriptions of potential risk, where appropriate.  The two components of a risk characterization are the risk estimation and risk description for each measurement endpoint.  A discussion of how these elements will be presented for the site is presented below.

5.1.  Risk characterization for terrestrial receptors

HQs for each of the terrestrial receptors except plants (short-tailed shrew, cottontail rabbit, American robin, and red-tailed hawk) will be calculated for the COPCs identified in the PFD.  The risk estimation for these receptors will be the calculated HQ, which compares the receptors expected exposure to the constituent to the concentration at which no adverse effects are expected. For constituents that did not have TRVs, HQs can not be calculated.  As such, for these constituents the risk estimation will be qualitative.  If published screening criteria are available for these constituents, a comparison of the site COPC concentration to the screening level will be completed and presented in the risk estimate section. 

Terrestrial plants will be assessed based on a screening of the estimated site COPC concentrations to the plant toxicity screening benchmarks presented in Table 3-3.

5.2.  Risk characterization for aquatic receptors

HQs for the mink and great blue heron exposed to COPCs identified in the PFD will be calculated and presented.  The risk estimation for these receptors will be the calculated HQ, which compares the receptors expected exposure to the constituent to the concentration at which no adverse effects are expected.  However, it is possible that toxicity reference values will not be available for each COPC in sediment and surface water.  For constituents that do not have TRVs, HQs can not be calculated.  In these instances the risk estimation will be qualitative.  If published screening criteria are available for these constituents, a comparison of the site COPC concentration to the screening level will be completed and presented in the risk estimate section.

5.3.  Risk description

The risk description describes the estimated magnitude and nature of potential risk for each assessment endpoint, based on the quantitative results of the risk estimation and calculated HQ values.  Risk description also discusses the significance of the default assumptions used to assess exposure, because they affect the magnitude and certainty of the calculated HQ value. 

The individual constituent HQs will be summed for constituents with common toxicological endpoints to estimate hazard indices (HIs) for each chemical class.

6. Uncertainty analysis

Uncertainty is inherent in each step of the ERA process.  Therefore this section of the BERA will summarize the major factors contributing to the uncertainty associated with this ERA.  Some of the key elements of uncertainty are:

· Measured concentrations of constituents in environmental media at the site and the calculated exposure point concentrations

· Estimates of toxicity to ecological receptors

· Estimates of uptake and retention (body burden) by receptors 

· Estimates of receptor exposure to constituents (“representative” life history information regarding body weight, food consumption, etc.)

Since uncertainty is unavoidable for this type of assessment, wherever possible steps were taken to build conservatism into the model.  For example, in some cases uncertainty factors were applied in developing TRVs.  The purpose of these uncertainty factors is to ensure that the calculated TRVs are protective of the receptor species of concern.  Another source of uncertainty is associated with the future PCB concentrations in fish.  Therefore, although the final calculated values will be uncertain, they will be conservative and thus overestimate the potential risk to receptors from exposure to constituents at the site.  This approach is appropriate, when a decision is made to bias errors towards risk management actions erring on the “side of safety.”  However, the numeric output is not appropriate as a predictor of future impacts or estimate of ecological damage experienced by the system in the past.  This section of the BERA will provide qualitative discussion of the key uncertainties and their implications for risk management decisions. 

7. Development of BERA Conclusions

The results of the BERA will be presented as described below in a Conclusions Section of the BERA Report.  To integrate the various components of the BERA, the results of the risk characterization and associated uncertainties will be evaluated using a weight-of-evidence approach to assess the risk of adverse effects in the receptors of concern.  The strengths and limitations of the assessment will be identified and described.  A discussion concerning the ecological significance of the identified risk and potential for future risk at site will be presented.  Consideration of future conditions at the site will also be incorporated into the conclusions of the BERA.  Additionally, figures will be prepared presenting the sample locations exhibiting HQs greater than 1 for the primary COPCs.

The weight-of-evidence approach, discussed below, will consider the results of the HQ analysis, benchmark comparisons, field observations for each assessment endpoint (e.g. habitat quality), and other site-specific considerations, to make specific conclusions regarding the ecological health of the terrestrial and aquatic ecosystems at the site.

7.1. Weight-of-evidence methodology

Although the term "weight-of-evidence" is used frequently in ecological risk assessment, there is no consensus on its definition or how it should be applied.  Various documents have provided differing definitions and guidance on conducting weight-of-evidence evaluations (USDOE 1996; MADEP 1995; Suter 1993).  For the purposes of this assessment, weight-of-evidence is defined as the process by which multiple measurement endpoints are related to an assessment endpoint to evaluate whether significant risk of harm is posed to the environment as a result of site related constituents. 

To achieve this, all available data regarding site and upstream conditions and the results of measurement endpoint evaluations (hazard quotient calculations, benchmark comparisons, habitat surveys), will be qualitatively evaluated based on individual lines of evidence and then combined to estimate the likelihood that significant site-related effects are occurring.  Weight-of-evidence will be considered relative to the multiple factors discussed below.  Each of the factors will be assigned a score or “high”, “medium”, or “low” depending on qualitative considerations as illustrated below.

1. Quality of measurement endpoint:  Measurement endpoints may vary in the degree to which they relate to the assessment endpoint, the quality of the data, or the manner in which they were applied.  Based on these attributes, more confidence may be placed in the results of one measurement endpoint compared to another.  For example, the quality may be classified as low if the basis for the selected benchmark is not similar to the site media (e.g. sediment benchmark based on estuarine data) or the literature-derived data used a form of the chemicals that is not relevant to the chemical detected in the field. 
2. Magnitude of response in the measurement endpoint:  Strong or obvious responses (high HQs (greater than 10) or high benchmark exceedences) are assigned greater weight than marginal HQs (1-10) or benchmark exceedences.
3. Concurrence among measurement endpoints: More weight or confidence is attributed to findings in which there is agreement among multiple measurement endpoints.  Less confidence is assigned to findings in which the lines of evidence contradict one another.

4. Spatial Considerations of Responses to Measurement Endpoints: The spatial extent of derived HQs and benchmark exceedences will be evaluated and presented on maps and frequency histograms.  For example, the spatial extent will be classified as high if high HQs (or benchmark exceedences) are derived at multiple locations over a wide spatial area, and low if the majority of the study area represent low HQs with high HQs occurring only in focused hot spots.
5. Source Attribution: The extent to which the derived HQs or benchmark exceedences are attributable to site related constituents will be assessed based on the results of the upstream comparison (presented in the PFD) and assessment of derived upstream risks.  A value of “high” will be assigned to constituents for which the analysis indicates that the derived HQs are attributable to site-related constituents and “low” if they are attributable to anthropogenic background.  The chemicals historically used or resulting from the processes conducted at the site will also be considered during this assessment.  

The results of the weight-of-evidence analysis will be presented as text, maps presenting sample locations exhibiting HQs greater than one for the major COPCs, frequency histograms, and a tabulated matrix detailing the considerations and judgement applied for evaluating each line of evidence.  This presentation will allow independent review and weighing of the evidence by risk managers and stakeholders.
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� The screening HQ calculations for the great blue heron, mink, shrew, and red tailed hawk were presented in the PFD report (O’Brien & Gere 2000c).  The screening HQ calculations for the American robin and cottontail rabbit are presented in Attachment A.


� The comparison of body burden values with TRVs was identified as a potential measurement endpoint following completion of the PFD.  However, as previously discussed with NYSDEC, risks to terrestrial mammals will be assessed through food chain calculations (TDIs) rather than monitoring of the site small mammal community.  The potential risks to small mammals will be assessed based on the food chain / hazard quotient approach.


� The comparison of body burden values with TRVs was identified as a potential measurement endpoint following completion of the PFD.  However, risks to piscivorous mammals will be assessed through food chain calculations rather than estimation of body burdens.  As such, body burden estimates in piscivorous mammals will not be derived. 


� Food chain model calculations were identified as a potential measurement endpoint following completion of the PFD.  Based on further review, risks to fish are most directly assessed by estimating body burdens using BCFs or BSAFs, rather than food chain calculations.  Therefore a food chain model will not be applied in the BERA.


� Due to general urban and industrial point and non-point sources rather than site related releases.


� The stream in the study was neutral to slightly alkaline (pH 6.8 – 8.4).  Surface water samples collected from Ley Creek in November 1998 (O’Brien & Gere 2000a) recorded pHs ranging from 6.8 to 8.9.  


� Many of the references present statistical compilations of the data, which were utilized for the median and 90th percentile estimates.


� The EHRAV database (1996) is a commercially available database that compiles physical/chemical data from available literature sources.


� For constituents exceeding surface water screening values.


� As presented earlier, life history information is not used to estimate constituent body burden in fish.


� This is based on the length of the study area portion of the creek (8,550 ft) multiplied by the average width of the creek (30 ft).
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