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Executive Summary
 This report contains a supplemental Phase II remedial investigation
 of Middle Marsh and an adjacent wetland area. Middle Marsh is a
 thirteen-acre freshwater palustrine forested and emergent wetland
 located within the New Bedford Municipal Golf Club in New Bedford,
 Massachusetts. Middle Marsh is part of the Sullivan's Ledge
 Superfund site and is located downstream of the Sullivan's Ledge
 disposal area, a twelve-acre disposal area that was used during the
 mid-twentieth century for the disposal of industrial wastes
 including electrical transformers and capacitors.
 Previous remedial investigations (Ebasco, 1989a) determined that
 contaminated soils had migrated, via the unnamed stream, from the
 disposal area to Middle Marsh. To address concerns over long-term
 impacts associated with sediment contamination within and
 immediately adjacent to Middle Marsh, EPA established Middle Marsh
 and adjacent wetland areas as a separate operable unit and
 determined that further wetlands, hydrologic, sediment/soil, and
 ecological investigations were required. Chapter 3 of this report
 defines the nature and extent of contamination of Middle Marsh, the
 adjacent wetland, and several sections of the golf course.
 Topographical mapping, hydrologic and hydraulic modeling, and
 wetland delineation were conducted to assist in the design of a
 sampling plan and to support a detailed assessment of
 contamination. Hydraulic and hydrologic models indicated that
 contaminant concentrations would be most elevated in areas of
 frequent flooding and sediment deposition.
 Sampling revealed PCB contamination in surface sediment/soil
 throughout Middle Marsh and the adjacent wetland with highest
 concentrations and most frequently detected values near the unnamed
 stream and in upgradient areas of Middle Marsh. Semivolatiles,
 especially PAHs, were also detected in sediment/soil. Several
 heavy metals including lead and zinc were also elevated and their
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pattern of distribution was similar to that of the PCBs. Samples
 collected in golf course areas had lower concentrations of all
 contaminants. In addition, PCBs, heavy metals, and semivolatile
 compounds were detected in subsurface sediment/soil. Pore water
 samples revealed PCB concentrations exceeding ambient water quality
 criteria. Surface water samples had appreciably lower PCB
 concentrations. Semivolatiles, volatiles, and metals were detected
 in surface water samples at levels near detection limits and below
 ambient water quality criteria. All samples of sediment/soil and
 water indicated PCB (Aroclor 1254) as the major site contaminant.
 An ecological assessment of Middle Marsh and adjacent wetland areas
 was conducted to: 1) define the ecological baseline condition of
 the wetlands, 2) identify appropriate remediation goals, 3)
 determine how the remediation alternatives will affect the wetlands
 ecosystem, and 4) provide information for potential mitigation.
 Based on the toxicity of PCBs to wildlife, and previous studies
 conducted by EPA (Charters, 1991) which found PCBs in the body
 tissues of aquatic invertebrates, earthworms, amphibians, and small
 mammals in Middle Marsh, a potential endangerment to wildlife from
 bioaccumulation of PCBs was identified and an ecological exposure
 assessment was conducted for PCBs.
 A number of potential remediation criteria were considered for
 aquatic areas of Middle Marsh including the interim sediment
 quality criterion of 19.5 jug PCB/g carbon which was developed
 through the equilibrium partitioning method (EPA, 1988b). For
 wetland/terrestrial areas, a food chain pathway model was developed
 to assist in identifying critical wildlife exposure pathways.
 Development of remediation criteria for these areas was also
 developed to protect mink and was based on estimates of
 bioaccumulation in frogs and small mammals derived from site-
 specific data. Using a protective dietary level of 0.64 mg/kg PCB,
 a wetland/terrestrial sediment/soil clean-up level of 15 mg/kg was
 determined based on the terrestrial foraging habits of mink.
 xi
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A supplemental human health risk assessment was conducted in order
 to evaluate the potential risks to human health associated with
 exposure to contaminants detected in sediment/soil and surface
 water in Middle Marsh and adjacent wetland areas. Several exposure
 groups were evaluated and previous results were updated based on
 data derived from the field investigation. Risks under current
 land-use conditions were slightly higher for the Golf
 Course/Wetland Area than for Middle Marsh under the average case
 and equal under the maximum case. The incidental ingestion of
 soil/sediment was the route of exposure which represented the
 highest risk. The maximum risk for both the Golf Course/Wetland
 Area and Middle Marsh under current land-use conditions was 2xlO~5.
 Risks under future land-use conditions were evaluated for the
 increased contact with Middle Marsh, and the maximum risk
 associated with such use was 3xlO"5. The hazard indices calculated
 across pathways were less than 1.0 under current and future land-
 use conditions which indicates that adverse noncarcinogenic effects
 are unlikely to occur.
 The results of the human health risk assessment and the ecological
 risk assessment are intended to assist in decisions concerning the
 necessity for remediation and to help establish acceptable exposure
 levels for use in developing remedial alternatives in the
 Feasibility Study.
 Xll
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1.0 INTRODUCTION
 1.1 Purpose of Remedial Investigation
 Metcalf & Eddy conducted this supplemental Phase II Remedial
 Investigation/Feasibility Study of Middle Marsh, which is part of
 the Sullivan's Ledge Superfund site, under contract to U.S. EPA
 Region I Contract No. 68-W9-0036 in accordance with EPA Work Order
 No. 08-1L54 and the project Work Plan dated April 1990, Work Plan
 for Additional Studies of Middle Marsh.
 This report contains the remedial investigation (RI) which includes
 a wetland characterization and functional assessment, hydrologic
 and hydraulic monitoring and modeling, sediment/soil and water
 sampling, food chain pathway modeling and an ecological exposure
 assessment, and a human health risk assessment. The feasibility
 study (FS) includes screening of technologies, and development of
 alternatives for remediation of the wetland area with emphasis on
 techniques that minimize impacts to adjacent and downstream
 wetlands, water guality and biota. Remediation criteria are based
 on ecological and human health considerations.
 The primary objectives of the Supplemental Phase II RI of Middle
 Marsh and adjacent wetlands areas are to:
 1. Provide a comprehensive characterization of the wetland areautilizing information developed in previous studies as well ascurrent data to describe the physical and biological featuresof the wetland and the nature and extent of contamination.This characterization includes a detailed wetlands assessmentof Middle Marsh and adjacent wetland areas, hydrologic andhydraulic modeling, and sediment/soil and water sampling;
 2. Provide a comprehensive evaluation of environmental/ecologicaland human health risks.
 1-1
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1.2 Study Area Background
 The paragraphs below provide a geographical location and
 description of Middle Marsh and the other portions of the study
 area; the history of the area with respect to waste disposal; a
 description of previous investigations and the selected remedy for
 the Sullivan's Ledge disposal area; the rationale for additional
 studies; and a summary of the results of the additional
 investigations.
 1.2.1 Location and Description
 The study area consists of the Sullivan's Ledge disposal area, an
 unnamed stream, and downstream freshwater wetland areas including
 Middle Marsh, a smaller upstream adjacent wetland area bordering
 the unnamed stream, and Apponagansett Swamp as well as associated
 floodplains and watershed areas. Middle Marsh, which is the
 primary focus of this remedial investigation, is located north of
 the intersection of Route 140 and Hathaway Road in New Bedford,
 Massachusetts (Figure 1-1). It is a thirteen acre freshwater
 wetland consisting of palustrine broad-leaved deciduous forested
 wetland and palustrine emergent wetland. These wetlands are
 classified as bordering vegetated wetlands as defined by the
 Massachusetts Wetland Protection Regulations (314 CMR 10.00). The
 wetland is bisected by an unnamed stream that passes adjacent to
 the Sullivan's Ledge disposal area and under Hathaway Road
 approximately 1000 feet upstream and south of the stream's entrance
 to Middle Marsh.
 Much of the area surrounding Middle Marsh was once a forested
 wetland, contiguous with the Apponagansett Swamp. The area has
 been considerably disturbed through filling during the construction
 of nearby highway interchanges, the Conrail railroad embankment and
 development of a golf course. Middle Marsh and the upstream
 wetland, although assumed to have once been contiguous, have been
 1-2
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isolated from the larger Apponagansett Swamp, likely resulting in
 changes in their hydrologic characteristics, vegetative composition
 and associated habitat value. The area surrounding Middle Marsh is
 a low flat area, between 62 and 69 feet above mean sea level, that
 is part of the New Bedford Municipal Golf Club. Thus the overbank
 areas of the unnamed stream upstream and downstream of Middle Marsh
 are the groomed, treeless fairways of the golf course.
 The unnamed stream drains a 346 acre watershed upstream of Middle
 Marsh including dense residential and commercial areas as well as
 part of Routes 140 and 195, Hathaway Road and the golf course.
 Development of the area and the associated construction of
 impervious surfaces has resulted in increased flood flows through
 the golf course area. Hydrologic analysis conducted as part of
 this study indicates that peak flows during the 100-year storm are
 expected to approach 600 cubic feet per second, inundating all of
 Middle Marsh as well as part of the golf course. Downstream of
 Middle Marsh, the unnamed stream flows through three small ponds
 that serve as water hazards for the golf course and provide
 considerable storage that reduces peak flow at the culvert under
 the Conrail railroad embankment. During intense storms with a nine
 month return period or larger, in part due to the hydraulic
 restriction at the railroad embankment, these ponds overflow and
 cause flooding of considerable areas of the golf course fairways,
 which are accessible to golfers and golf course maintenance
 workers.
 1.2.2 Site History
 Sullivan's Ledge, a twelve-acre disposal area, is located on
 Hathaway Road in an urban area of the City of New Bedford, Bristol
 County, in Southeastern Massachusetts. The disposal area is
 roughly bounded on the north by Hathaway Road, on the south by
 Interstate I95/U.S. Route 140 interchange and on the east and west
 by commercial development (see Figure 1-1). Immediately north of
 1-4
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Hathaway Road is the New Bedford Municipal Golf Club, which covers
 about 250 acres.
 The study area includes the Sullivan's Ledge disposal area and
 downstream areas within the golf club because contamination has
 migrated from the site's disposal area via the unnamed stream into
 the golf course area (Ebasco, 1987). Contaminated groundwater also
 discharges from seeps along Hathaway Road. Surface water bodies in
 the study area include the unnamed stream, golf course water
 hazards, Middle Marsh and the Apponagansett Swamp. The unnamed
 stream follows a well-defined channel upstream of and adjacent to
 the eastern border of the disposal area, continuing northward
 across the golf course, bisecting Middle Marsh and eventually
 draining into the golf course water hazards. Surface runoff,
 overburden groundwater and shallow bedrock groundwater from the
 disposal area discharge to the unnamed stream.
 The twelve-acre Sullivan's Ledge disposal area is a former granite
 quarry. Four granite quarry pits with estimated depths up to 150
 feet have been identified from historical literature and field
 investigations. After quarrying operations ceased in 1921, the
 land was acquired by the City of New Bedford. Between the 1930s
 and the 1970s, the quarry pits and adjacent areas were used for
 disposal of hazardous materials including electrical transformers
 and capacitors, fuel oil, volatile liquids and other industrial
 waste.
 The Sullivan's Ledge Superfund Site, including the disposal area
 and downgradient areas, has been the subject of Phase I (Ebasco,
 1987) and Phase II (Ebasco, 1989a) remedial investigations and a
 feasibility study (Ebasco, 1989b) which was completed in January
 1989. The results of the field investigations revealed high
 concentrations of polychlorinated biphenyls (PCBs) and polyaromatic
 hydrocarbons (PAHs) in surface and subsurface sediment/soil. In
 addition, the sampling results indicate the presence of volatile
 1-5
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organic compounds (VOCs) and inorganics in groundwater sampled from
 the network of wells installed within the study area (Ebasco, 1987;
 1989a). Based on the results of the two RIs, EPA concluded that
 the sources of contamination within the Sullivan's Ledge study area
 are wastes disposed of in the former quarry pits, contaminated
 soils in the 12-acre disposal area, and sediments that wash off the
 disposal area. In particular, the remedial investigations reveal
 that PCBs and other contaminants have migrated from the disposal
 areas to the unnamed stream and the wetlands just north of the
 disposal area.
 U.S. EPA Region I issued a Record of Decision (ROD) on June 29,
 1989 which outlined remedial action for the disposal area and
 adjacent areas including the unnamed stream. The selected remedial
 action, as established in the ROD, consists of source control and
 management of migration components.
 Measures for design and implementation of the remedial action shall
 include, at a minimum, the following components:
 1. Fencing and site preparation;
 2. Excavation and on-site solidification of contaminated soils inthe unsaturated zone at the Disposal Area. Excavation and on-site solidification (if necessary) of contaminated soils inthe unsaturated zone in areas immediately east and north ofthe Disposal Area. All excavated and/or solidified soilsshall be disposed on the Disposal Area under the cap;
 3. Excavation/dredging, dewatering, solidification (if necessary)and on-site disposal of contaminated sediments from theunnamed stream up to and including the two golf course waterhazards;
 4. Construction of an impermeable cap over approximately 11 acresof the Disposal Area;
 5. Temporary diversion and lining of a portion of the unnamedstream;
 6. Construction and operation of groundwater passive collection,extraction, treatment and discharge systems;
 1-6
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7. Implementation of a wetlands restoration and maintenanceprogram;
 8. Long-term monitoring; and
 9. Institutional controls.
 1.2.3 Site Characteristics
 The remedial investigation contained herein defines the nature and
 extent of contamination in surface and subsurface sediment/soil,
 shallow groundwater (pore water), and surface water of the wetland
 areas of Middle Marsh and an upstream adjacent wetland area as well
 as several sections of the golf course that are adjacent to the
 unnamed stream and are intermittently subject to flooding.
 Sampling revealed PCB contamination in surface sediment/soil
 throughout Middle Marsh and the adjacent wetland with highest
 concentrations and most frequently detected values near the unnamed
 stream and in upgradient areas of Middle Marsh. Volatiles,
 semivolatiles, especially PAHs, and metals were also detected in
 surface sediment/soil. Several heavy metals including lead and
 zinc were elevated in the two wetland areas. Samples collected in
 golf course areas had lower concentrations of all contaminants.
 PCBs, semivolatiles and heavy metals were also detected in
 subsurface sediment/soil. Although patterns were irregular,
 contamination generally decreased with depth.
 Water samples were collected in May and October 1990 in both
 wetland areas and included filtered and unfiltered samples of pore
 water and surface water, if present. Results of sampling of pore
 water revealed that PCB concentrations exceeded PCB ambient water
 quality criteria for protection of wildlife. Surface water samples
 had comparatively lower PCB concentrations. Semivolatiles,
 volatiles and metals were also detected in pore water and surface
 water samples but were generally near detection limits and did not
 1-7
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exceed ambient water quality criteria.
 1.3 Technical Approach
 This section outlines the basic technical approach used in the RI
 including the characterization of Middle Marsh, the ecological
 exposure assessment and the human health risk assessment.
 Previous remedial investigations (Ebasco, 1987; 1989a) revealed PCB
 (primarily Aroclor 1254) concentrations in Middle Marsh of up to 60
 mg/kg. However, to address concerns over long-term impacts
 associated with remediation of Middle Marsh, and to support a
 remedial action decision, EPA established Middle Marsh and adjacent
 wetland areas as a separate operable unit from the Sullivan's Ledge
 site and determined that further wetlands, hydrologic and
 sediment/soil investigations were required to investigate
 contamination patterns and correlations with various physical and
 biological features of the wetlands, such as elevation, frequency
 of flooding, soil type, habitat or vegetation type, and distance
 from the unnamed stream as well as to identify endangerment to
 wildlife and/or humans. This section summarizes the major field
 investigations conducted to characterize Middle Marsh and adjacent
 wetland areas and to support a detailed assessment of contamination
 including the topographical survey, wetland characterization,
 hydrologic and hydraulic analysis, and sediment/soil contamination
 investigations. Detailed analyses are presented in Chapter 2, Site
 Investigations.
 Wetland boundaries and habitats within Middle Marsh were delineated
 using flagging based on vegetation, soils, hydrology and U.S. Fish
 and Wildlife Service habitats (U.S. FWS, 1980). A preliminary
 evaluation was conducted using available mapping followed by
 detailed field verification including vegetation identification,
 soils, and hydrologic characteristics (Federal Interagency
 Committee for Wetlands Delineation, 1989) .
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Prior to initiation of detailed wetlands, hydrologic, and
 sediment/soil studies, a topographical basemap of Middle Marsh with
 cross-sections of the unnamed stream and its tributaries was
 developed by conducting a land survey. This mapping was used to
 support the wetland and habitat delineation, hydraulic modeling of
 the unnamed stream, and the planning and location of sampling
 locations for the sediment/soil investigations. Flags delineating
 the boundary of the wetlands (based on the three parameter
 approach) were located during the topographical survey and plotted
 on the basemap. During the remedial investigation, the survey data
 were entered into a geographical information system (CIS). The CIS
 (ARC/INFO) was used to graphically depict information developed
 during characterization of the areas including wetland and habitat
 areas, areas subject to flooding, and sediment/soil contaminant
 concentrations.
 Using the detailed topography mapping and wet weather flow
 measurements, hydrologic and hydraulic modeling were conducted to
 identify areas inundated during various flow conditions. A
 hydrologic model was used to generate flows for storms ranging from
 a return frequency of less than 1 year up to the 100 year storm.
 The model was calibrated using hydrologic data collected during the
 monitoring of three storms at the site. The characteristics of the
 watershed were defined using information developed during the
 previous RI and sewer system mapping maintained by the City of New
 Bedford. Then, a hydraulic model was used to predict the extent of
 flooding during various flow conditions. The model allowed
 differentiation between areas inundated by local flooding and those
 flooded from overflow of the unnamed stream. Flood elevations were
 plotted on the basemap and were used to identify sediment/soil
 sampling stations designed to investigate the effect of flooding on
 sediment concentrations.
 To supplement previously collected sediment/soil contamination
 data, and to support the development of the food chain pathway
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model and wildlife exposure assessment, sediment/soil, pore water,
 and surface water sampling were conducted. A total of 58 stations
 in Middle Marsh, the golf course and a previously unsampled
 adjacent wetland area were selected. Sampling stations were
 located in Middle Marsh in previous hot spots (Ebasco, 1989a),
 potential depositional areas based on flooding frequency, and
 various habitat cover types; on portions of the golf course that
 flood frequently; and throughout the adjacent wetland area
 primarily to obtain wide geographical and diverse coverage. These
 data provided insight regarding past migration of contaminants and
 potential pathways for future migration.
 An ecological assessment of Middle Marsh and adjacent wetland areas
 was conducted to 1) define the ecological condition of the
 wetlands, 2) identify appropriate remediation goals, 3) determine
 how the remediation alternatives will affect the wetlands
 ecosystem, and 4) provide information for potential mitigation.
 The ecological assessment incorporates the findings of the wetlands
 assessment, sediment/soil, surface water, and pore water sampling,
 hydraulic and hydrologic evaluations, and biological sampling. A
 literature evaluation was used together with site-specific data to
 relate the ecological components of the wetland in an ecological or
 food chain pathway model. Appropriate remediation goals were
 identified based on the functional values of the wetlands, and the
 actual or potential threat posed to local biota from contamination.
 Critical functions provided by the wetland were evaluated so that
 those areas could be preserved or replicated should a disruptive
 remedial alternative be selected.
 Specific ecological determinations and steps that were accomplished
 to achieve the overall objectives included:
 1. Location of ecological resources through wetland and habitatdelineation and functional assessment. Resources such asvegetated wetlands, open water habitat, and upland habitatswere identified and mapped.
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2. Description of the structure and function of the ecologicalresources with respect to characteristics critical to thetransfer of contaminants and important ecological material(e.g. nutrients, energy, or habitat requirements) through theecosystem.
 3. Construction of a food chain pathway model of Middle Marsh.The material developed in the above investigations wasassembled in a simplified food chain exposure pathway model toorganize the data and evaluate the relationships of thevarious biotic and abiotic factors in the wetland. This modelformed the basis for tracing the transfer of contaminantsthrough the food chain. It also aided in documenting therelative importance of various areas and functional units inthe wetland.
 4. Evaluation of ecological conditions compared to contaminantdistribution. This involved comparing concentrations ofcontaminants with the existence and condition of variousecological resources.
 A supplemental human health risk assessment was conducted in order
 to evaluate the risks to human health posed by site contaminants
 based on sediment/soil and water contamination data, in accordance
 with EPA Region I guidance, (U.S. EPA, 1989a). Several exposure
 groups were evaluated and previous results were updated based on
 data derived from the field investigation. Remedial action target
 levels or criteria were established based on exposure assessments
 and public health risks.
 1.4 Report Organization
 This remedial investigation report consists of five chapters
 describing the rationale for the investigation, activities
 conducted, data evaluation, and assessment of ecological and human
 health risks. Chapter 1 describes the history of the site, the
 purpose and objectives of the investigation contained herein, and
 the overall technical approach. Chapter 2 describes the objectives
 and details of technical evaluations conducted including
 topographical mapping, hydrologic monitoring and hydraulic
 modelling, wetland delineation, wetland functions and habitat
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evaluations, and sediment/soil and water sampling. Chapter 3
 contains an evaluation of the nature and extent of PCB/pesticide,
 semivolatile and volatile organic, and metals contamination in
 sediment/soil, pore water, and surface water in Middle Marsh, the
 adjacent wetland and the golf course. Chapter 4 contains an
 ecological exposure assessment which includes development of
 ecologically derived remediation criteria. Chapter 5 contains an
 assessment of human health risk based on the presence and
 distribution of contaminants in the area.
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2.0 SITE INVESTIGATIONS
 2.1 Objectives
 This section describes the physical, ecological, and contaminant
 investigations conducted in Middle Marsh, the adjacent wetland, and
 on the golf course. The objectives of these studies were to:
 1. Define the topographical, surficial soil, and hydraulicfeatures of the study area.
 2. Characterize the biotic factors of the wetland areas includinghabitats and wildlife.
 3. Collect information on pollutants in sediment/soil and waterto support an assessment of contamination, an ecologicalexposure assessment and a human health risk assessment.
 2.2 Physical investigations
 Physical investigations of Middle Marsh included topographical
 mapping, detailed sediment/soil investigations, and hydrologic and
 hydraulic monitoring and modeling. Rationale and specific
 objectives for these investigations are outlined below.
 During scoping of this remedial investigation, mapping available
 from the City of New Bedford and previous studies under REM III
 (Ebasco, 1989a) were reviewed. This revealed that the most
 detailed available topographical mapping of the area was at a
 horizontal scale of 1 inch equals 200 feet, with a contour interval
 of 5 feet. This contour interval and the scale were not detailed
 enough to provide the topographical resolution in Middle Marsh and
 the golf course necessary to support this study. Accordingly, a
 detailed topography map was developed with the objectives of:
 • Development of detailed cross-sections of the unnamed streamextending into overbank areas in Middle Marsh and the golfcourse
 2-1

Page 28
						

• Detailed mapping and analysis of wetlands and habitat areas
 • Selection and location of sediment/soil, pore water, andsurface water sampling stations
 • Investigation of relationships between contaminantconcentration and habitat type, elevation, and floodingfrequency
 • Detailed analysis of potential areas for remediation andmitigating measures
 Review of previous studies (Ebasco, 1987; Ebasco, 1989a) also
 revealed that the most detailed sediment/soil information within
 Middle Marsh was that available from the Soil Conservation Service
 and from borings conducted in the vicinity of Middle Marsh.
 Accordingly, detailed sediment/soil descriptions were made for each
 wetland area and sediment/soil sample during wetland and sampling
 investigations. The objective of these surveys was to determine if
 relationships exist between contaminant concentrations, and soil
 types within Middle Marsh and the adjacent wetland.
 The Middle Marsh study area receives water from direct
 precipitation, as well as groundwater and surface water inflows
 from the Sullivan's Ledge disposal area and other adjacent land
 areas. Previous RI/FS studies indicated that the primary transport
 route for contamination of Middle Marsh is the unnamed stream which
 flows along the eastern border of the disposal area. Surface
 waters and bottom sediments within this stream are contaminated
 with PCBs, PAHs and metals from the site (Ebasco, 1989a).
 Within Middle Marsh, the slope (hydraulic gradient) of the unnamed
 stream is much smaller than further upstream. As a result,
 relatively quiescent areas of back water form within Middle Marsh,
 reducing the sediment carrying capacity or water velocity in these
 areas. Over time, contaminated sediments entering the stream from
 upstream locations near the disposal site may be deposited in the
 unnamed stream and areas of Middle Marsh and other adjacent wetland
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areas that flood during wet weather. Also, during periods of
 extreme wet weather, floodwaters have likely transported sediment
 out of the bed of the unnamed stream and into Middle Marsh,
 adjacent wetlands, and other low-lying areas. Field observations
 suggest that deposition of these sediments has resulted in the
 formation of sediment pockets outside the stream bed.
 The objectives of the hydrologic studies and hydraulic modeling
 (Sections 2.2.5 and 2.2.6) were to describe the characteristics of
 flow through the area and to predict the extent, location and
 frequency of flooding of the wetland areas under study. This
 analysis served as a basis for the selection of sediment/soil
 sampling station locations from which the relationship of
 contaminant concentrations to flooding frequency could be examined.
 The primary tasks in the hydrologic and hydraulic analysis were to:
 1. Collect baseline hydrologic data to aid in defining thehydrologic characteristics of the inflow from the watershed.Data included quantification of significant water inflows andoutflows during normal dry and wet weather periods includingextreme wet weather events;
 2. Collect baseline hydraulic data and develop an hydraulic modelof the area north of Hathaway Road. The model was used todetermine water surface profiles, stream and overbank flowvelocities and other hydraulic characteristics of the studyarea for various sized rainfall events. The model was alsoused to estimate areas where frequent flooding occurs andwhere sediment deposition may take place.
 2.2.1 Review of Previous Studies
 Although previous studies did not include detailed topographical
 surveys, previously collected physical data including soils data
 were identified. In addition, hydrologic studies were conducted
 during the 1987 RI (Ebasco, 1987). These data are summarized
 below.
 Soil surveys conducted by the Soil Conservation Service (USDA,
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1981b) indicate Swansea muck (Sw) in the southwest, west and
 central parts of Middle Marsh, Whitman extremely stony fine sandy
 loam (WhA) in the central and northeastern parts of Middle Marsh,
 Whitman fine sandy loam (WgA) in the extreme northern and eastern
 parts of Middle Marsh, and Walpole fine sandy loam (WaA) in the
 south, southeast and eastern parts of Middle Marsh (Figure 2-1).
 Swansea muck, Whitman extremely stony fine sandy loam, Whitman fine
 sandy loam and Walpole fine sandy loam are listed as hydric soils
 by the National Technical Committee for Hydric Soils (USDA/SCS,
 1987). Swansea muck is a level, deep, very poorly drained organic
 soil. Permeability is moderate to moderately rapid in the organic
 layers. Whitman extremely stony fine sandy loam and Whitman fine
 sandy loam are nearly level, very poorly drained, have moderate
 permeability in the surface and subsoil. Walpole fine sandy loam
 is nearly level, deep, poorly and somewhat poorly drained with
 rapid permeability in the surface and subsoil layers. The Soil
 Survey indicates two bodies of water north of Middle Marsh and one
 to the southwest of Middle Marsh. These correspond to three of the
 five ponds indicated by the U.S. Geological Survey map (Figure 2-
 2).
 Through borings conducted in the vicinity of Middle Marsh, Ebasco
 (1987) identified unconsolidated deposits in the golf course areas
 consisting of swamp deposits, glacial tills and stratified glacial
 drift. In the vicinity of Middle Marsh, six foot thick swamp
 deposits overlie glacial till and, in the vicinity of the railroad
 tracks, the swamp deposits overlie stratified glacial drift.
 Glacial till deposits on the golf course are composed primarily of
 silty sands with some gravel and rock fragments. Stratified drift
 deposits consisted of sand and silty sand with some gravel. Prior
 to initiation of hydrologic and hydraulic modeling of the area,
 data collected and analyzed during previous studies of the
 Sullivan's Ledge Site and the unnamed stream were reviewed
 including the Ebasco (1987) Phase I Remedial Investigation.
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This study included hydrologic calculations, several short-term
 surveys of flow at various locations along the unnamed stream
 between the disposal area and Apponagansett Swamp, and a hydraulic
 analysis of the unnamed stream between the Route 140 interchange
 and Hathaway Road, directly adjacent to the landfill site.
 During the 1987 RI, hydrologic calculations and measurements were
 conducted in order to define hydrologic conditions in the unnamed
 stream and to assess the potential impact of the unnamed stream on
 the landfill site. The Thornthwaite and Mather (1957) method was
 used, along with precipitation and air temperature data for New
 Bedford, to develop monthly and annual water budgets for the study
 area watershed. Calculated dry weather flows and measured stream
 flow from several short-term surveys of flow in the unnamed stream
 were used to represent low-flow conditions.
 Estimates of wet weather peak runoff from the site and other
 drainage basins tributary to the study area were made using Soil
 Conservation Service Technical Report No. 55 (TR-55) (USDA, 1986) .
 Aerial photographs and topographical maps were used to select model
 variables describing watershed characteristics. Peak flows at
 Hathaway Road calculated by Ebasco (1987) using Technical Report
 No. 55 for the 5, 50 and 100 year storms were 186, 483 and 684
 cubic feet per second, respectively, based on a watershed area of
 821 acres. These values, however, were presented as an estimate,
 and did not take into account several factors that could influence
 flows adjacent to the disposal area and under Hathaway Road.
 Description of the watershed did not account for the presence of
 combined sewers in the southernmost urbanized areas of the
 watershed, which discharge outside the watershed. Further, the TR-
 55 analysis did not account for the presence of culverts underneath
 the interchanges of Routes 140 and 195, which may cause ponding
 just upstream of the culverts and attenuate peak flows, resulting
 in lower flows and flood elevations in the vicinity of Hathaway
 Road and Middle Marsh. The TR-55 flow values were used to
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qualitatively estimate flood elevations adjacent to the disposal
 area through development of a stage-discharge relationship for the
 culvert at Hathaway Road, not taking into account the potential
 storage capacity of upstream highway embankments. Assuming no
 upstream attenuation of flow, the model predicted that some flow
 would cross the surface of Hathaway Road but that little flooding
 of the Sullivan's Ledge disposal area would occur, even at the peak
 flow of the 100-year storm.
 2.2.2 Topographical Mapping
 A detailed land survey was conducted focusing on the 13-acre
 wetland area known as Middle Marsh as well as extensive adjacent
 golf course areas and the previously unsampled upstream wetland
 area. The principal technical components of this survey included
 1) development of a 1-foot contour map of the areas described
 above, 2) surveying of 16 stream cross-sections located at all
 hydraulic control structures and in open and forested areas to
 support hydraulic modeling of the unnamed stream, 3) location of
 numbered perimeter wetland delineation and internal habitat
 delineation markers, 4) location of previous and planned
 sediment/soil sampling stations, 5) placement of surveyed stakes
 adjacent to the unnamed stream to enable measurement of water
 elevation, and 6) establishment and field marking of a 100-foot
 grid based on the Massachusetts State Coordinate System to enable
 location of selected sediment/soil sampling stations in the field
 by triangulation. Data collected during the survey were used to
 produce detailed topographic mapping of the study area at
 horizontal scales of 1:80 and 1:40 with elevation contour intervals
 of 1 foot, annotated with numerous spot elevations. Subsequently,
 digitized contour data were downloaded into a geographic
 information system (ARC-INFO) and a detailed basemap was generated
 (Figure 2-3).
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2.2.3 Sediment/Soil Investigations
 During the conduct of the sediment/soil sampling, each sample was
 inspected and qualitatively described with respect to sediment/soil
 type (peat, silt, clay), color, odor, moisture content, presence of
 sand or gravel, presence of roots and decaying vegetation and
 presence of any surface sheens. Soil type was described according
 to the Annual Book of ASTM Standards (ASTM, 1974). Sediment/soil
 information was recorded in field books and was later transposed
 onto a basemap of the wetland to identify surficial sediment/soil
 patterns observed in Middle Marsh. Figure 2-4 depicts the
 surficial sediment/soil patterns observed in Middle Marsh. Most of
 the 12.45 acre area was dominated by an organic silty-clay
 containing dark brown peat and roots (OL/OH). The four other types
 of soil present within the Middle Marsh wetland area were: 1)
 silt, containing peat and roots (OL), 2) black saturated organics
 (Pt), 3) fine-medium silty sand (brown and gray) (SM), and 4) dry
 reddish-brown organic clay (OH).
 Sediment/soil samples were also taken in the upstream wetland area
 and from golf course fairways. The most common sediment/soil type
 in this area was a dark brown, organic silt, which contained some
 clay, peat, and roots. The other sediment/soil type present in the
 area was black organic saturated matter. The clayey and sandy
 soils found on the golf course were different from any
 sediment/soil condition found in the wetlands. This difference in
 soil type may be attributable to the historic filling conducted
 during construction of the golf course.
 2.2.4 Hydrology Field Investigations
 As described above, preliminary baseline hydrology data were
 collected under the previous RI (Ebasco, 1987) . These data,
 however, were limited with respect to description of hydrologic
 conditions downstream of Hathaway Road. In order to support a
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detailed hydrologic and hydraulic analysis of Middle Marsh and the
 upstream wetland area, previous data were supplemented with
 additional hydrologic data collected during three wet weather
 events using the methods described below. Wet weather events were
 monitored on January 25, February 10, and April 3-4, 1990. The
 most definitive data were collected during April 3-4, when a storm
 of 3.17 inches of rainfall was monitored from start to finish
 including measurements of peak flow. As described later in Section
 2.2.5, Hydrologic Analysis, the April storm was approximately equal
 to the storm with a 1-year return frequency and resulted in
 flooding of most of Middle Marsh, and golf course areas adjacent to
 the ponds between Middle Marsh and Apponagansett Swamp.
 Hydrologic measurements included flow velocity, stage or elevation,
 and depth at pre-established stations in the unnamed stream. Field
 reconnaissance was conducted during December 1989 to plan the
 hydrologic surveys and to select cross-sections and flow monitoring
 stations. Sixteen cross-sections were selected in the unnamed
 stream for input to the hydraulic model. The locations of the
 cross-sections numbered 1 to 15 are shown in Figure 2-5.
 During the hydrologic surveys, flows were measured at eight of the
 sixteen cross-sections. Flow velocity measurements were collected
 using a Weathertronics Pygmy Water Current Meter. Flow
 measurements were taken in the middle of the channel at each
 monitored cross-section and at half the distance between the
 center line of the stream and each bank at 20 percent and 80 percent
 of the total depth. If the depth was too shallow to allow two
 velocity measurements, one flow measurement was taken at 60 percent
 of the total depth measured from the water surface. All
 measurements were taken within the effective cross-section (i.e.
 shallow areas of bank overflow were not considered). Flow
 measurements were taken as close to established cross-sections as
 possible. Elevation or stream stage measurements were collected by
 measuring with a ruler the distance from the top of a stake of
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known elevation to the water surface. Stakes of known elevation
 were installed by the survey crew at cross-sections 5, 6, 7, 9, 10
 and 12a. A rain gage was used to collect information on amount of
 rainfall. Prior to collection of hydrologic data, the rain gage
 was set within the fenced area of the Sullivan's Ledge landfill
 site to avoid theft or vandalism. Readings were taken
 approximately every two hours during the sampling event in order to
 develop a hydrograph for the storm. These data were supplemented
 with data collected by the National Weather Service.
 As soon as possible after the onset of each wet weather event, the
 survey crew commenced monitoring of stream flow and elevation.
 Measurements were conducted at established cross-sections until
 stream flow and elevation had increased and stabilized for a
 significant period of time or until stream flow and elevation rose
 and subsided substantially. Monitoring of each cross-section
 station included measuring flow width and depth and recording
 observed water quality.
 2.2.5 Hydrologic Analysis
 The objective of the wet weather stream monitoring was to determine
 peak wet weather flow data in order to calibrate the hydrologic
 model. Stream flow data collected during this study were used,
 along with drainage catchment and culvert data, to develop a
 hydrologic model of wet weather surface runoff from subcatchments
 tributary to the study area. This model was used to predict flow
 in the unnamed stream for 24-hour storms with return periods
 ranging from less than 1 year up to 100 years.
 The information in the previous RI (Ebasco, 1987) on drainage
 catchment characteristics, culverts, and flow predictions, was
 reviewed and refined as necessary during this study. A visit was
 made to New Bedford City Hall to obtain and review detailed plans
 of storm sewers and the drainage systems of Routes 140 and 195 and
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the upstream watersheds. These investigations revealed an
 extensive combined sewer system extending into the watershed used
 to calculate flows in the unnamed stream during the previous RI.
 Elimination of this area in the current investigation resulted in
 a considerable reduction in the size of the watershed and a
 commensurate reduction in predicted flows as described below.
 Flow predictions in the previous RI were made using the hydrologic
 model in TR-55. For this study, TR-20 was used which is capable of
 providing a more detailed approach involving the analysis of
 separate subcatchments and discrete reaches of the stream. The
 input requirements of these two programs are compatible, thus some
 of the basic drainage basin and culvert data developed during the
 previous RI was verified or refined, and then reused during this
 study. Storm distribution, times of concentration and curve
 numbers were developed using guidance set forth by the Soil
 Conservation Service (USDA, 1981a). Areas of subcatchments,
 hydraulic lengths and slopes were developed from the most recent
 USGS map of the area and city drainage plans.
 Using TR-20, the watershed was to divided into four distinct
 subcatchments. Predicted flows from individual subcatchments were
 routed through reaches of the stream upstream of Hathaway Road.
 The stream reaches were described based on channel geometry, slope,
 and ground cover characteristics observed in the area. The most
 downstream point in the TR-20 analysis was the culvert at Hathaway
 Road. To evaluate the flow routing effects of the twin culverts at
 Hathaway Road, an hydraulic analysis was performed as described
 below. A rating curve of stage versus discharge was developed
 using HEC 2, a water surface profile model, for the culverts and
 the results were used as input to TR-20. The results of this
 analysis indicated that the culverts do not significantly affect
 peak flow discharging to the golf course, although backwater is
 expected to form on the upstream side of the culvert. The
 additional head increases the hydraulic gradient and thus results
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in more flow through the culverts. In addition, for large storms
 such as the 50 and 100 year design storms, flows were predicted to
 rise above Hathaway Road and flow over the roadway to the golf
 course. Due to the wide flow area across this road, significant
 flows may discharge to the golf course relatively unimpeded.
 Upstream of Hathaway Road, the unnamed stream flows through four
 culverts, passing through the inner areas of the highway
 interchange. Due to the fairly steep gradient of the stream
 channel upstream, and the culvert sizes and channel geometry, it is
 expected that high flow rates would pass relatively unimpeded
 through these culverts thus not significantly affecting peak flow
 rates.
 TR-20 was calibrated using stream flow and rainfall data collected
 during the April 3-4, 1990 wet weather (storm) event. This storm
 was used because it was the largest storm monitored and because of
 the volume of data collected. In addition, data collected for this
 storm included distinct peak flow measurements. The calibrated
 model was then used to develop hydrographs for more severe, less
 frequent storm events with return periods between 1 and 100 years.
 Peak flows calculated for the 1, 2, 5, 25, 50, and 100 year 24-hour
 storms were 114, 181, 253, 420, 471, and 555 cubic feet per second
 (cfs), respectively. The flow of 555 cfs calculated for the 100-
 year 24-hour storm was used in the hydraulic analysis to determine
 the extent of the 100-year floodplain within the study area.
 2.2.6 Hydraulic Analysis
 One objective of the hydraulic modeling was to determine the
 frequency and extent to which different areas of Middle Marsh are
 flooded. This information was needed as the basis for selecting
 sediment/soil sample locations within the range of elevation
 intervals in the wetland in order to identify relationships between
 contaminant levels and elevation or flooding frequency. A
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hydraulic analysis of normal and flood conditions was conducted for
 the stream reach adjacent to the Sullivan's Ledge disposal area
 during the previous RI. However, the normal hydraulic regime and
 flooding within the study area downstream of Hathaway Road was not
 the focus of the study. Accordingly, a detailed analysis of normal
 and wet weather hydraulics, as well as extreme flooding was
 conducted for the area downstream of Hathaway Road.
 A one-dimensional hydraulic model was developed for the area
 between Hathaway Road and the Conrail railroad embankment.
 Although Middle Marsh comprises a relatively small part of this
 area, the hydraulics within it are controlled by the response of
 the entire area. HEC-2 (U.S. ACE, 1985) was used to simulate
 normal and wet weather hydraulics within the entire area. This
 model assumes gradually varied flow conditions.
 HEC-2 requires the development of detailed cross-sections of the
 stream and overbank areas as well as for all culverts, weirs, and
 bridges. Detailed stream cross-section and topographic mapping of
 overbank wetland and low-lying golf course areas were used to
 develop cross-section input data for HEC-2. Flow input to the
 model was developed from monitoring data collected during wet
 weather events and TR-20 hydrologic modeling predictions for 24-
 hour 1, 2, 5, 25, 50, and 100 year storms. However, following an
 analysis of these storms, it was revealed that the majority of
 Middle Marsh flooded during all storms analyzed. Thus it was
 necessary to evaluate smaller storms with return periods between 0
 and 1 year. Since there are no established literature values for
 storms below a 1 year return period, various storms of less than a
 1 year return period were selected by extrapolating from a plot of
 rainfall versus return frequency on log-probability paper. Peak
 flows calculated for the 3 month, 6 month, and 9 month storms were
 30, 68, and 90 cfs, respectively. The results were used to
 evaluate the frequency with which the unnamed stream overtops its
 banks and floods depressed wetland areas near the bank of the
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unnamed stream.
 Flood elevations for the 3, 6 and 9 month and the 1, 25 and 100
 year storms were superimposed on the basemap of the Middle Marsh
 area (Figure 2-6) . This analysis revealed that due to the low flat
 topography of Middle Marsh, the banks of the unnamed stream
 overflow at least once every 3 months for a 24-hour storm, flooding
 extensive areas of Middle Marsh. The 3 month storm floods areas up
 to elevations 63 feet above mean sea level, encompassing
 approximately 3.7 acres of the wetland extending into outlying
 areas of the wetland on both sides of the unnamed stream. Although
 smaller storms could not be modeled, it is expected that due to the
 flat topography, the 1 and 2 month storms flood an area only
 slightly smaller than the area flooded by the 3 month storm. The
 6 and 9 month 24-hour storms flood to elevations 63.92 and 64.34
 feet above mean sea level, respectively, encompassing additional
 but incrementally smaller areas of the wetland due to the rising
 topography at the edges of the wetland approaching upland areas.
 The 9 month storm results in breaching of an old road bed that
 bisects the northern extremity of the wetland, resulting in
 flooding of a 0.5 acre area not inundated by the 3 and 6 month
 storms. With a flood elevation over 64 feet, the 9 month storm
 also results in inundation of approximately 3 acres of golf course
 fairways adjacent to the hazards or ponds between Middle Marsh and
 the railroad embankment. As shown in Figure 2-6, HEC-2 predicts
 that the 25 and 100 year storms inundate the entirety of Middle
 Marsh and large areas of the golf course.
 Hydrologic sampling and qualitative hydrologic and hydraulic
 observations were made at Middle Marsh during approximately six
 storms between January and August, 1990. Due to the reduced
 elevation and slope from the upstream area near Hathaway Road to
 the area near the golf course ponds, storms generally affect the
 area upstream of Middle Marsh with rapidly increased storm flows
 and flood levels. The low, flat area of Middle Marsh and the
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surrounding golf course provides a large amount of storage, thus
 storm flows peak upstream of Middle Marsh well before similar flows
 are recorded downstream of the ponds. As the ponds rise in
 elevation and begin to overflow onto the golf course, Middle Marsh
 begins to flood. The wetland areas below elevation 63 in Middle
 Marsh flood very rapidly once the unnamed stream reaches elevation
 62 within the wetland since the banks of the stream are at
 elevations 62 and much of Middle Marsh is between elevation 62 and
 63.
 During this stage of flooding, when the flood profile extends
 further and further upstream (southeast) , significant deposition of
 sediment over the banks of the unnamed stream was observed,
 especially in the most upgradient areas of Middle Marsh. In large
 storms, as predicted by HEC-2, flooding extends further upstream to
 the adjacent wetland area. A storm that totalled 6.8 inches of
 rainfall in the area, observed on August 8, 1990, resulted in
 overbank flooding of the unnamed stream just downstream of Hathaway
 Road. Floodwaters short-circuited the unnamed stream across the
 golf course and adjacent wetland and into the southeast end of
 Middle Marsh. This storm also flooded golf course areas to the
 east of the unnamed stream just downstream from the adjacent
 wetland.
 2.3 Ecological Investigations
 A comprehensive wetland investigation was conducted for Middle
 Marsh including a literature review, or off-site wetlands
 determination, and a field, or on-site delineation conducted in
 accordance with the Federal Manual for Identifying and Delineating
 Jurisdictional Wetlands (Federal Interagency Committee for Wetland
 Delineation, 1989). Wetlands characterization was conducted in
 accordance with the U.S. Fish and Wildlife Service's Classification
 of Wetlands and Deepwater Habitats of the United States (Cowardin
 et al, 1979). Floral and faunal observations were recorded and are
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included in this section. A functional assessment of Middle Marsh
 was conducted using the U.S. Army Corps of Engineers Wetland
 Evaluation Technique Volume II (WET II) (Adamas et al., 1987) and
 was supplemented with the U.S. Fish and Wildlife Service's Habitat
 Evaluation Procedures (HEP) (1980).
 2.3.1 Review of Previous Studies
 The 1987 RI (Ebasco, 1987) provided a general characterization of
 the terrestrial and aquatic biota and habitats present in the study
 area. In general, the area was characterized as disturbed in that
 the golf course was constructed 40 years ago, constraining the
 existence of a diverse wildlife population. At the time of the
 1987 RI, state and federal records indicated no record of the
 occurrence of any rare, threatened, or endangered species in the
 study area. Lists of species of mammals, reptiles, amphibians, and
 birds that could be expected to occur in the study area were
 assembled based on expected ranges presented in the literature.
 Middle Marsh was classified as Palustrine broad-leaved deciduous
 forested wetland, surrounded by open, mowed grassland. Based on
 field reconnaissance, forested wetland areas on the golf course
 were judged to be too small and lacking in den sites to fulfill the
 habitat requirements of larger species, but the area could be
 colonized by prey species such as small rodents, rabbits, and birds
 as well as muskrats and raccoons. The 1987 RI provided a general
 description of Middle Marsh but did not delineate the boundaries of
 the area or itemize the habitat resources within the forested
 wetland area.
 In response to questions about the potential for ecosystem impacts
 in Middle Marsh due to bioaccumulation, the EPA Environmental
 Response Team (Charters, 1991) conducted a food chain study in the
 wetland which included biological and chemical sampling conducted
 in June and September of 1989. EPA conducted the study, in part,
 due to the concerns of the US Fish and Wildlife Service for
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waterfowl and passerine birds utilizing the habitat.
 The study consisted of collection of sediment/soil, surface water,
 and biota samples. Sediment/soil and water samples are discussed
 in detail in Section 2.4, Contamination Investigation. Biota
 sampling consisted of benthic invertebrates, small mammals,
 amphibians, earthworms, and plants. Figure 2-7 illustrates biota
 sampling stations and the types of samples collected at each
 station. All samples in this study were analyzed for pesticides
 and PCBs. Aroclor 1254 was the only contaminant found in the
 tissue data. Table 2-1 summarizes the animal and plant tissue data
 collected at ten stations in Middle Marsh.
 Aroclor 1254, the principle contaminant of Sullivan's Ledge, was
 found in samples of sediment/soil, unfiltered water, small mammals,
 benthic invertebrates, earthworms, and frogs. Particularly
 noteworthy results included PCB concentrations in green frog (Rana
 clamitans melanota) which ranged from 0.19 to 0.73 milligrams per
 kilogram (mg/kg). Two short-tail shrews (Blarina brevicauda)
 caught at Station 4 had PCB concentrations of 0.38 and 0.98 mg/kg.
 Concentrations in meadow vole (Microtus pennsylvanicus) at the east
 bank station had PCB concentrations of 0.36, 0.88, and 1.6 mg/kg.
 Concentrations in deer mice (Peromyscus maniculatus) at the east
 and west bank stations ranged from undetected to 1.0 mg/kg PCB.
 Concentrations in white-footed mice (P. leucopus) which were found
 only at the west bank station were 0.68, 0.68 and 0.84 mg/kg PCB.
 Concentrations of PCB in earthworms, a common food species of
 carnivorous birds, ranged from undetected at Station 4 to 2.3 and
 1.8 mg/kg at the east bank and west bank, respectively. Aroclor
 1254 levels were found to be below the method detection limit (MDL)
 of 100.0 /xg/kg in all plant tissues sampled and in benthic
 invertebrates from five of the seven sites sampled. PCB was
 detected, however, in benthos at Stations 2 and 3 at concentrations
 of 0.35 and 0.4 mg/kg, respectively. These data from tissues of
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TABLE 2-1. PCB CONCENTRATIONS IN BIOTA SAMPLES COLLECTEDIN MIDDLE MARSH (CHARTERS, 1991)
 LOCATION
 ERT1
 ERT2
 ERT3
 ERT4
 ERT5
 ERT6
 ERT7
 EAST BANK
 WEST BANK
 ERT8
 SAMPLE
 BenthosGreen Frog, Rana clamitans melanotaRose Hips, Rosa multifloraGrass Seed Heads, Phaloris arundinacea
 BenthosGreen Frog, Rana clamitans melanotaRose Hips, Rosa multifloraGrass Seed Heads, Phaloris arundinacea
 BenthosGreen Frog, Rana clamitans melanotaGreen Frog, Rana clamitans melanotaRose Hips, Rosa multifloraGrass Seed Heads, Phaloris arundinacea
 BenthosEarthwormMeadow Vole, Microtus pennsylvanicusShort-tailed Shrew, Blarina brevicaudaShort-tailed Shrew, Blarina brevicaudaRose Hips, Rosa multiflora
 BenthosGrass Seed Heads, Phaloris arundinacea
 Green Frog, Rana clamitans melanotaRose Hips, Rosa multifloraGrass Seed Heads, Phaloris arundinacea
 BenthosGreen Frog, Rana clamitans melanota
 EarthwormGreen Frog, Rana clamitans melanotaM ead ow Vol e , Microtus pennsylvanicusMeadow Vole, Microtus pennsylvanicusMeadow Vole, Microtus pennsylvanicusDeer Mouse, Peromyscus maniculatusDeer Mouse, Peromyscus maniculatusDeer Mouse, Peromyscus maniculatus
 EarthwormDeer Mouse, Peromyscus maniculatusDeer Mouse, Peromyscus maniculatusDeer Mouse, Peromyscus maniculatusWhite-footed Mouse, Peromyscus leucopusWhite-footed Mouse, Peromyscus leucopusWhite-footed Mouse, Peromyscus leucopus
 Green Frog, Rana clamitans melanota
 PCB (AROCLOR 1254)Cmg/Kg)
 0.1 U0.250.1 U0.1 U
 0.350.270.1 U0.1 U
 0.40.680.240.1 U0.1 U
 0.1 U0.1 U0.1 U
 0.380.980.1 U
 0.1 U0.1 U
 0.190.1 U0.1 U
 0.1 U0.73
 2.30.390.360.38
 1.60.640.1 U
 0.44
 1.80.27
 10.280.840.680.68
 1.02
 U= undetected at detection limit indicated
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common food species indicate potential endangerment to upper level
 consumers. Such endangerment will be evaluated in Chapter 4,
 Ecological Exposure Assessment. Biological sampling, was conducted
 as part of the Phase II RI (Ebasco, 1989a) and included collection
 of benthic biota in the unnamed stream. Habitat surveys included
 characterization of habitats at stations in the unnamed stream
 upstream of and within Middle Marsh, and in the Apponagansett
 Swamp. The purpose of the biological sampling was to assess
 general habitat conditions, and to monitor for signs of obvious
 stress such as the presence of indicator species or indications of
 pathological stress. In the unnamed stream, there was a decrease
 in diversity of aquatic invertebrates downstream of the landfill
 site.
 2.3.2 Wetland and Habitat Delineation
 A preliminary wetland determination included review of the U.S.
 Geological Survey Topographical Map (U.S. Geological Survey, 1964)
 the U.S. Department of Agriculture Soil Conservation Service Soil
 Survey of Bristol County, Massachusetts (USDA, 1981b), and the
 National Wetland Inventory (U.S. Fish and Wildlife Service, 1977).
 The U.S. Geological Survey map indicates that Middle Marsh is
 wooded swamp or marsh. Five unnamed ponds are indicated in the
 area surrounding Middle Marsh and an unnamed stream is indicated
 flowing through the center of Middle Marsh. No other wetlands or
 deepwater areas are indicated. As discussed in Section 2.2,
 Physical Investigations, review of Soil Conservation Service soil
 surveys indicated the widespread presence of hydric soils in the
 vicinity of Middle Marsh and the golf course.
 The National Wetlands Inventory indicates Middle Marsh is
 Palustrine Forested Broad-Leaved Deciduous Wetland (PFO1) (Figure
 2-8). Forested wetland is characterized by woody vegetation that
 is 6m tall or taller (Cowardin et al, 1979). Red Maple (Acer
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rubrum) is typically the dominant tree occurring in northeastern
 forested wetlands (Cowardin et al., 1979). Four areas of
 Palustrine Open Water (POW) are indicated to the north of Middle
 Marsh and an additional POW is indicated to the southwest of Middle
 Marsh. The PFO1 wetland indicated at Middle Marsh corresponds to
 the wooded swamp or marsh designation of the U.S. Geological Survey
 and the hydric soils of the Soil Survey. The Palustrine Open Water
 designations correspond with the ponds of the U.S. Geological
 Survey (1964), and with the three water designations of the Soil
 Survey (USDA, 1981b).
 Based on this literature review, it was concluded that Middle Marsh
 was composed mainly of PPO1 with adjacent POW in three to five
 locations. Using this information as a basis, a field
 investigation was conducted to delineate wetland boundaries, and to
 characterize all wetlands occurring at the site. The onsite
 investigation was conducted on 11 and 12 December 1989 and 8 and 9
 May 1990. Figure 2-9 depicts the wetland/upland borders as well as
 distinct habitat types identified within and adjacent to Middle
 Marsh. Wetland flag series A1-A71 and B1-B6 define the
 upland/wetland boundary of Middle Marsh. Middle Marsh is
 predominantly a PFO1 wetland with red maple the dominant tree
 species. Appendix A summarizes the transects conducted and lists
 other plant species identified.
 Additional wetland classes were delineated and characterized within
 Middle Marsh itself. Flag series PHA1-PHA6, PHB1-PHB9 and PHD1-
 PHD27 define three areas of Palustrine Emergent Persistent Wetlands
 (PEM"1") dominated by the Common Reed, Phragmites australis. Flag
 series F1-F10 defines a PEM1 Wetland with a mix of emergent, non-
 Phragmites plant species located in the northern section of Middle
 Marsh. Emergent wetland is characterized by erect, rooted
 herbaceous hydrophytes present for most of the growing season
 (Cowardin et al., 1979). In addition, Persistent Emergent Wetlands
 are dominated by species that normally remain standing at least
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until the beginning of the next growing season (Cowardin et al.,
 1979) .
 Flag series PHC1-PHC16 and PHE1-PHE2 define a Palustrine Scrub-
 Shrub Broad-Leaved Deciduous/Emergent Wetland (FSS1/EH) located in
 the north central section of Middle Marsh. Scrub-Shrub/Emergent
 Wetland is characterized by woody vegetation less than 6m tall, and
 erect, rooted herbaceous hydrophytes present for most of the
 growing season (Cowardin et al., 1979).
 2.3.3 Flora and Fauna Investigations
 The flora and fauna investigation consisted of consultation with
 the Massachusetts Division of Fisheries and Wildlife Natural
 Heritage & Endangered Species Program to determine the potential
 occurrence and distribution of any threatened or endangered species
 including state listed "Species of Special Concern", and direct
 observations and recording of all encountered wetlands flora and
 fauna.
 According to the Massachusetts Natural Heritage & Endangered
 Species Program, two state listed "Species of Special Concern",
 the spotted turtle, Clemmys guttata and the mystic valley amphipod,
 Crangonyx aberrans may occur onsite. Both species have a
 documented occurrence in the historically contiguous Apponagansett
 Swamp. Massachusetts "Species of Special Concern" includes any
 native species which have been documented by biological research
 and inventory to be suffering a decline that could threaten the
 species in the Commonwealth if allowed to continue unchecked, or
 which occurs in such a restricted distribution or specialized
 habitat requirements that it could easily become threatened (MDFW,
 1989) .
 The spotted turtle is found in small, shallow water bodies,
 frequently basking along the water's edge (Ditmars, 1983). It is
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omnivorous, consuming insects, other invertebrates, and aquatic
 plants underwater (Ditmars, 1983). Breeding occurs from March to
 May, with one to four eggs deposited in well-drained soil or
 tussocks (DeGraaf and Rudis, 1985). Spotted turtles hibernate
 during the winter on the muddy bottoms of small ponds, and may
 become dormant for the late part of the summer (DeGraff and Rudis,
 1985). During the 8 and 9 May 1990 field investigation, spotted
 turtles were observed in Middle Marsh in the northern part of the
 scrub-shrub wetland area about 500 feet from the unnamed stream.
 The mystic valley amphipod is primarily a nocturnal species
 occurring in lowland aquatic habitats, especially in red maple
 swamps (MDFW, 1989). They feed on detritus surrounding the roots
 of plants, and breed in the spring or early summer, lay
 approximately 100-150 eggs producing young which mature the
 following spring (MDFW, 1989). This species was not observed on-
 site.
 Flora observed at Middle Marsh and the immediate vicinity are
 listed in Table 2-2. Relative coverage of wetlands flora was
 determined using the United States Fish and Wildlife Services's
 Ocular Estimation of Cover (Hays et al., 1981). The relative
 coverage of the canopy, liana (vines), sapling, shrub and herb
 layers was determined for an upland area and its corresponding
 wetland area at random locations along the upland/wetland boundary
 (see Appendix A: Wetland Transect Summaries). Fauna observed at
 Middle Marsh and the immediate vicinity are listed in Table 2-3.
 2.3.4 Tree Density
 Tree density was estimated throughout Middle Marsh, differentiating
 between the wetland habitat types identified in Section 2.3.2. A
 point sampling approach was used to estimate tree density with each
 surveyed grid intersection serving as a sample point. Two measures
 of density were sampled: total tree stems per acre and the total
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TABLE 2-2. PLANTS OBSERVED AT MIDDLE MARSHAND IMMEDIATE VICINITY
 Common Name Scientific Name
 Trees:
 American BeechAmerican HollyBalsam FirBlack CherryEastern HemlockGray BirchIronwoodPussy WillowRed AshRed CedarRed MapleRed OakSassafrasStaghorn SumacTrembling AspenWhite AshWhite OakWhite PineYellow Birch
 Lianas:
 Fox GrapeCommon Green-brier
 Saplings:
 American BeechPussy WillowRed MapleSassafrasWhite Pine
 Shrubs:
 American ElderArrow-woodBarberryBayberryBlackberryFetterbushHighbush Blueberry
 Fagus grandifoliaIlex opacaAbies balsameaPrunus serotinaTsuga canadensisBetula populifoliaOstrya virginianaSalix discolorFraxinus pennsylvanicaJuniperus virginianaAcer rubrumQuercus rubraSassafras albidumRhus typhinaPopulus tremuloidesFraxinus americanaQuercus albaPinus strobusBetula alleghaniensis
 Vitis labruscaSmilax rotundifolia
 Fagus grandifoliaSalix discolorAcer rubrumSassafras albidumPinus strobus
 Sambucus canadensisViburnum dentatumBerberis vulgarisMyrica pensylvanicaRubus allegheniensisLeucothde racemosaVaccinium corymbosum
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TABLE 2-2 (Continued). PLANTS OBSERVED AT MIDDLE MARSHAND IMMEDIATE VICINITY
 Common Name Scientific Name
 Japanese HoneysuckleMaleberryMultiflora RosePepperbushSilky DogwoodSmooth AlderSpeckled AlderSpicebushSwamp HoneysuckleWinterberryWitch Hazel
 Herb Layer:
 BittersweetBroad-leaved CattailCinnamon FernCommon reedGreater DuckweedEvening PrimroseGoldenrodJack-in-the-pulpitJewelweedMarsh FernMeadowsweetPoison IvyPokeweedPurple MilkweedReed Canary GrassRoyal FernSensitive FernSoft RushTussock SedgeWatercressWhite Aster
 Mosses:
 Sphagnum Moss
 Lonicera japonicaLyonia ligustrinaRosa multifloraClethra alnifoliaCornus amonunAlnus serrulataAlnus rugosaLindera benzoinRhododendron viscosumIlex verticillataHamamelis virginiana
 Celastrus scandensTypha latifoliaOsmunda cinnamoneaPhragmites australisSpirodela polyrhizaOenothera biennisSolidago sp.Arisaema triphyllumImpatiens capensisDryopteris thelypterisSpirea latifoliaToxicodendron radicansPhytolacca americanaAsclepias purpurascensPhalaris arundinaceaOsmunda regal isOnoclea sensibilisJuncus effususCarex strictaNasturtium officinaleAster divarieatus
 Sphagnum palustre
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TABLE 2-3. ANIMALS OBSERVED AT MIDDLE MARSHAMD IMMEDIATE VICINITY
 Common Name Scientific Name
 Birds:
 American CrowAmerican GoldfinchAmerican RobinBlack-capped ChickadeeBlue JayBrown-headed CowbirdCanada GooseCarolina WrenCatbirdCedar WaxwingChipping SparrowCommon CrackleCommon YellowthroatEastern KingbirdGreat Blue HeronGreat EgretGreen HeronHerring GullHouse FinchHouse WrenMallardMockingbirdMourning DoveNorthern OrioleRed-tailed HawkRed-winged BlackbirdRufous-sided TowneeSong SparrowTree SwallowYellow Warbler
 Mammals:
 Deer MouseEastern Cottontail RabbitRaccoonStar-nosed Mole
 Amphibians:
 Bull FrogGreen FrogNorthern Leopard Frog
 Corvus brachyrhynchosCarduelis tristisTurdus migratoriusParus atricapillusCyanocitta cristataMolothrus aterBranta canadensisThryothorus ludovicianusDumetella carolinensisBombycilla cedorumSpizella passerinaQuiscalus guisculaGeothlypis trichasTyrannus tyrannusArdea herodiasCasmerodius albusButorides striatusLarus argentatusCarpodacus mexicanusTroglodytes aedonAnas platrhynchosMimus polyglottosZenaida MacrouraIcterus galbulaButeo jamaicensisAgelaius phoeniceusPipilo erythrophthalmusMelospiza melodiaIridoprocne bicolorDendroica petechia
 Peromyscus maniculatusSylvilagus floridanusProcyon lot orCondylura cristata
 Rana catesbeianaRana clamitansRana pipiens
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TABLE 2-3 (Continued). ANIMALS OBSERVED AT MIDDLE MARSHAND IMMEDIATE VICINITY
 Common Name Scientific Name
 Reptiles:
 Eastern Garter Snake Thamnophis s. sirtalisSnapping Turtle Chelydra serpentina
 * Spotted Turtle Clemmys guttata
 Invertebrates:
 Crayfish Cambarus sp.
 *State listed species of special concern.
 cross-sectional area of stems (basal area) per acre. In both
 methods, all live tree stems over two inches in diameter were
 tallied, and all trees were identified by species. The cross-
 sectional area of the trees was measured at approximately five feet
 above ground level. Two tree size classes were employed: two to
 five inches, and five inches and above. Basal area is a measure of
 the cross-sectional area occupied by all tree stems. Basal area
 per acre was measured with a prism, the most commonly used tool for
 measuring timber in the eastern United States (Avery and Burkhardt,
 1983). The number of stems per acre was measured by counting all
 tree stems in a l/100th acre plot (plot radius 11.7 feet).
 Density estimates were aggregated and averaged by four habitat
 types: forested wetland, scrub-shrub/emergent wetland, emergent
 wetland, and forested upland. Table 2-4 summarizes density and
 basal area data for these areas. Appendix B contains field data
 and statistics. The forested upland area refers to the area to the
 northeast of the exit of the unnamed stream from Middle Marsh
 (Figure 2-9). The forested upland area had the highest basal area
 and lowest density; these values are indicative of the relatively
 mature age and large size of the trees in the upland area. The
 comparatively high density and low basal area of the forested
 wetland type suggests that this area generally contains smaller,
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TABLE 2-4. ESTIMATED BASAL AREA AND DENSITY OF TREES IN FOURHABITAT TYPES IN MIDDLE MARSH
 HabitatType
 ForestedWetland
 n (Numberof SamplingPoints)
 36
 Average BasalArea/Acre(sq. ft./ac)
 77.7 (±28.8)
 AverageDensity(stems/ac. )
 485.7 (±266.3)
 Scrub-shrub/emergentwetland
 EmergentWetland
 ForestedUpland
 11
 2
 25.0 (±15.0)
 40.0 (±31.0)
 120.0 (±45.5)
 300.0 (±200.0)
 170.0 (±177.6)
 66.7 (±47.1)
 younger trees. The low basal area of the two emergent wetland
 types (Figure 2-9) illustrates the smaller tree size and relative
 openness of these habitat types. The high standard deviations for
 all estimates indicates that spatial heterogeneity exists within
 habitats.
 The forested upland area contained a mixture of red and white oaks
 (Quercus rubra and Quercus alba), eastern hemlock (Tsuga
 canadensis), American beech (Fagus grandifolia), and white pine
 (Pinus strobus). The forested wetland was dominated by poletimber
 sized (five to ten inch diameter) red maple (Acer rubrum) , red ash
 (Fraxinus pennsylvanica), American elm (Ulmus americana), and
 willows (Salix spp.). Common tree species in the emergent and
 emergent/shrub-scrub habitat types include red maples and dogwoods
 (Cornus spp.).
 2.3.5 Functional Analysis
 The section describes the functional analysis and habitat
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evaluation for Middle Marsh and the adjacent wetland. As stated in
 Section 1.3, Technical Approach, these analyses establish the
 functional and ecological condition of the wetland and serve as a
 baseline for the ecological assessment and as a reference for the
 selection of species for inclusion in the food chain pathway model
 and for the development of remediation goals.
 An analysis of wetland functions and values was conducted for
 Middle Marsh and the adjacent wetland using the U.S. Army Corps of
 Engineers Wetland Evaluation Technique Volume II (WET II) (Adamas
 et al., 1987) . WET II assesses functions and values by
 characterizing a wetland in terms of its physical, chemical and
 biological processes and attributes. Characterization is
 accomplished by identifying threshold values for predictors, simple
 or integrated variables that directly or indirectly measure
 wetlands processes or attributes. WET II results in the
 development of a qualitative probability rating of high, moderate
 or low for functions and values in terms of effectiveness,
 opportunity and social significance.
 WET II is used here in combination with the habitat evaluation to
 support the site-specific risk assessment by defining the
 ecological condition of Middle Marsh. The evaluation establishes
 a baseline and determines the impacts of remedial alternatives.
 Wet II assesses the following functions and values:
 • Groundwater Recharge
 • Groundwater Discharge
 • Floodflow Alteration
 • Sediment Stabilization
 • Sediment/Toxicant Reduction
 • Nutrient Removal/Transformation
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• Production Export
 • Wildlife Diversity/Abundance
 • Aquatic Diversity/Abundance
 • Recreation
 • Uniqueness/Heritage
 Through analysis of responses to a series of questions related to
 the features of the wetlands, WET II evaluates functions and values
 in terms of effectiveness, opportunity and social significance.
 Effectiveness assesses the capability of a wetland to perform a
 function given its biological, physical and chemical
 characteristics. Opportunity assesses the opportunity of a wetland
 to perform a function to its level of capability. Social
 significance assesses the wetlands value as an educational,
 research and aesthetic resource.
 The assessment area for this evaluation is Middle Marsh. However,
 many of the questions asked by WET II involve areas beyond Middle
 Marsh. These areas either contribute to the biological, physical
 and chemical processes of Middle Marsh, or they facilitate
 assessment of Middle Marsh in the context of a larger surrounding
 area. The areas considered in the WET II analysis are defined
 below and are depicted in Figure 2-10. The input zone includes the
 area within 300 feet upgradient of Middle Marsh. The input zone is
 expected to directly influence Middle Marsh in terms of sediment,
 toxicant and nutrient inputs. The service area is the area to
 which wetland functions or values are delivered and includes other
 wetlands and residential and commercial areas. The service area
 for this evaluation is Apponagansett Swamp. Locality is a
 relatively small political or hydrologic division, and is herein
 defined as the Middle Marsh watershed. Region is a larger
 political, ecological, hydrologic, or jurisdictional division which
 is relatively homogeneous in terms of topography and drainage. The
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south part of Bristol County, Massachusetts is the region for this
 evaluation.
 The results of the WET II evaluation of Middle Marsh are discussed
 below. A summary table and the answers to the questions in WET II
 are provided in Appendix C. Since one of the purposes of the
 Middle Marsh investigation was to define the ecological condition
 of the wetlands, effectiveness in providing wetland functions is
 emphasized in the analysis rather than opportunity or social
 significance. In addition, although WET II addresses the wetland
 system as a whole, including the unnamed stream, the functional
 value of Middle Marsh is emphasized.
 Groundwater Recharge. Wetlands serve to purify and recharge
 groundwater supplies through infiltration of floodwaters. Although
 Middle Marsh floods frequently, there is uncertainty about the
 amount of groundwater recharge that occurs in Middle Marsh. The
 wetland is not located in a precipitation deficit region, thus
 infiltration from Middle Marsh is not critical to groundwater
 supplies in the area. Recharge may be somewhat inhibited in Middle
 Marsh because the wetland is underlain by glacial till which is
 composed largely of silty sand (Ebasco, 1989a) and may be somewhat
 impervious. Wetlands most effective for recharge are underlain by
 a gravelly layer which would actively replenish groundwater
 resources. Although it is not in the vicinity of a sole source
 aquifer or near wells with exceptional yields, the level of
 recharge provided by Middle Marsh is moderately socially
 significant because it is located in an urban area where recharge
 may be limited.
 Groundwater Discharge. Middle Marsh is relatively ineffective for
 groundwater discharge as a large percentage of the Middle Marsh
 watershed is developed and may be somewhat impervious. Wetlands
 with a high probability of receiving groundwater discharge on a net
 annual basis include permanently flooded or saturated wetlands
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which occur in precipitation deficit regions, are located
 immediately below dams or steep slopes, or in relatively small
 watersheds with pervious surfaces. Because Middle Marsh is located
 in an urban area, it is rated moderately socially significant for
 this function.
 Floodflow Alteration (Attenuation). The WET II analysis predicted
 Middle Marsh is moderately effective in terms of floodflow
 alteration as the area is relatively large, water is not
 artificially removed, and the underlying soils do not have an
 exceptionally slow infiltration rate. However, the hydraulic
 modeling indicates Middle Marsh, combined with the golf course
 hazards (ponds), provides some storage and attenuation of flood
 flows. Approximately 3.7 acres of Middle Marsh are inundated at
 least four times annually and approximately 9 acres of the wetland
 is flooded every 9 months. According to the WET II analysis, the
 opportunity for Middle Marsh to alter floodflows is high, as the
 watershed is largely impervious, resulting in increased flood
 flows. Floodflow alteration provided by Middle Marsh has low
 significance in terms of protecting areas or structures of
 significant social or economic value downstream such as dams,
 marinas, or residential areas.
 Sediment Stabilization. Wetlands stabilize and incorporate
 influent sediments. Vegetated areas of Middle Marsh outside the
 stream channel are highly effective for stabilizing sediment since
 vegetation is dense in most areas and there is good
 water/vegetation interspersion throughout the wetlands. Middle
 Marsh has social value because it acts as a buffer to Apponagansett
 Swamp.
 Sediment/Toxicant Retention. WET II determined Middle Marsh has
 a low probability of effectively retaining sediments and toxicants.
 Relative to other wetlands, its effectiveness in retaining
 sediments and toxicants is reduced because flow through the
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wetlands is channelized; the channel (unnamed stream) is sparsely
 vegetated; and the wetland has a permanent, unconstricted outlet.
 Sediment deposition was observed in the first of the series of golf
 course ponds beyond Middle Marsh, supporting WET II's conclusion
 that Middle Marsh is ineffective in retaining sediments and
 toxicants. Further, sampling of Apponagansett Swamp under the
 Phase II RI (Ebasco, 1989a) revealed the presence of PCB in areas
 downstream of Middle Marsh. PCB concentrations in areas downstream
 of Middle Marsh may be attributable to the New Bedford
 incinerator/landfill.
 Middle Marsh is rated low for sediment/toxicant retention because
 during average flow conditions in which the unnamed stream does not
 flood into Middle Marsh, most of the flow and associated sediments
 never leave the unnamed stream, passing directly into the golf
 course ponds/hazards. Chemical data and direct observations
 indicate, however, that during wet weather that causes flooding of
 the unnamed stream, deposition of sediments and removal of
 toxicants does occur in Middle Marsh. In many areas, especially
 those directly adjacent to the stream, there is clear visual
 evidence of streambed sediment deposition. Overbank deposition of
 sediments was observed during hydrologic monitoring in April 1990.
 Chemical sampling indicates that due to the highly organic nature
 of the substrate in the wetland and vegetation that promotes
 filtration, PCBs and other contaminants attached to suspended
 sediments have accumulated in frequently flooded areas of the
 wetland.
 The opportunity for Middle Marsh to trap sediments and toxicants is
 high as sediments and pollutants enter the wetland from an urban
 watershed via the unnamed stream. Hydraulic conditions in the
 unnamed stream preclude effective filtering of sediments and
 contaminants under average flows conditions, thus opportunity to
 perform this function occurs only during wet weather. Further, the
 unrestricted outlet and the lack of vegetation in the stream allow
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washout of sediments and toxicants deposited in the stream during
 low flow. The unrestricted outlet precludes removal of these
 sediments and toxicants by dense vegetation in Middle Marsh. There
 is no surface drinking water supply in the immediate vicinity.
 However, Middle Marsh is rated moderately significant to the human
 population in terms of sediment/toxicant retention as it is located
 in an urban area.
 Nutrient Removal/Transformation. WET II indicates that Middle
 Marsh is not effective in removing and transforming nutrients, as
 erect emergent vegetation is absent from the channel and much of
 the flow in the channel never contacts vegetation in Middle Marsh.
 However, as described above for sediment/toxicant retention,
 whereas this analysis relates to the stream channel under average
 conditions, hydraulic analysis indicates that approximately 3.7
 acres of Middle Marsh are flooded by stream bank overrun
 approximately 4 times per year, and approximately 9 acres of Middle
 Marsh are flooded by stream bank overrun every nine months. During
 these periods, there is likely to be some removal of nutrients by
 emergent vegetation in Middle Marsh.
 According to the WET II evaluation, Middle Marsh has only a
 moderate opportunity to remove and transform nutrients. Although
 the watershed is largely urban, there are no potential point or
 nonpoint sources of nutrients in the watershed such as septic
 systems or feedlots. Middle Marsh has opportunity to remove
 nutrients from urban stormwater which is typically high in
 nutrients. Middle Marsh is moderately socially significant for the
 nutrient removal/transformation function as it is located in an
 urban area. There are no surface drinking water areas, swimming
 areas or nutrient-sensitive water bodies in the vicinity.
 Production Export. Production export refers to production and
 export of plant and animal material and detritus for consumption by
 primary consumers in Middle Marsh and downstream areas. Middle
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Marsh is moderately effective for production export as it is a
 well-vegetated, although isolated part of the Apponagansett Swamp
 palustrine system and has a permanent outlet which allows
 downstream transport of plant and animal material. However, it
 comprises a small percentage (<20%) of the total area of the
 watershed.
 Wildlife Diversity. Middle Marsh is highly effective in providing
 breeding, migration and wintering habitat for wildlife. Middle
 Marsh is of sufficient size to support many small to medium sized
 wildlife species, is semi-permanently flooded, has high plant
 species richness, adjacent wooded areas, is an oasis wetland, and
 has an irregular wetland/upland boundary which provides protective
 cover for some wildlife species. Middle Marsh is known to support
 a Massachusetts wildlife species of "Special Concern", the spotted
 turtle (Clemmys guttata), and therefore is significant to society
 for research and nature observations. Additional wildlife
 functions and values are evaluated in the habitat evaluation
 presented in this section.
 Aquatic Diversity/Abundance. Middle Marsh does not provide an
 abundance of ideal aquatic habitat in that permanent open water
 within Middle Marsh is limited to its main tributary and adjacent
 permanently flooded areas. These areas support aquatic life such
 as aquatic invertebrates, tadpoles, mollusks, and crayfish. The
 unnamed stream is relatively small and shallow under average flow
 conditions, experiences dramatic changes in water levels, has toxic
 inputs and, although several small fish were observed, does not
 provide ideal habitat for fish and other aquatic species. Middle
 Marsh is moderately significant in terms of social value for
 aquatic diversity/abundance because it is located in an urban area.
 No rare aquatic species are known to inhabit Middle Marsh.
 Uniqueness/Heritage and Recreation. WET II evaluates the
 uniqueness/heritage and recreation value of wetlands in terms of
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social significance. Middle Marsh is highly significant in terms
 of Uniqueness/Heritage because a species of special concern, the
 spotted turtle, is known to inhabit Middle Marsh. In addition,
 although not observed, the mystic valley amphipod may occur onsite.
 Although located within a golf course, Middle Marsh is rated low
 for recreation as it is not used regularly for recreational or
 consumptive activities, nor is it a major public access point to a
 recreational waterway.
 Adjacent Wetland. It must be noted that the functional analysis
 provided above does not address the smaller adjacent emergent
 wetland upstream of Middle Marsh. Rather, this area was considered
 part of the watershed of Middle Marsh. It was determined, based on
 the size of the area, that a full WET II analysis was not warranted
 and that a qualitative analysis of the functional value of the area
 was sufficient to establish its ecological significance. This
 analysis is provided below.
 The physical and biological characteristics of the adjacent wetland
 are markedly different from those of Middle Marsh. Habitats in the
 area consist of palustrine emergent and scrub-shrub wetland
 including a large area of Phragmites wetland directly adjacent to
 the unnamed stream as opposed to Middle Marsh which is largely
 forested wetland (see Figure 2-9). In comparison to the large flat
 expanses of overbank area in Middle Marsh, slopes in the adjacent
 wetland are more pronounced, likely resulting in more rapid
 drainage and flooding of shorter duration. In addition, the
 elevation gradient within the unnamed stream is more pronounced,
 resulting in higher stream velocities and more rapid drainage.
 Due to the general topography and subsurface geology of the
 adjacent wetland, the area is likely ineffective for groundwater
 recharge and discharge. Due to its small size and relatively steep
 slopes toward the unnamed stream, this area does not function
 effectively for flood attenuation. With dense vegetation abutting
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the stream bank, this area could provide reduction of sediments and
 toxicants, and removal and transformation of nutrients, as well as
 stabilization of sediments despite rapid overbank streamflow
 velocities. Dense vegetation could also provide production export.
 Due to the area's relatively small size, homogeneous cover type,
 and absence of characteristics such as tree cavities for protective
 cover and seed or nut producing tree or plants, the area does not
 have exceptional habitat value but could support various species of
 birds and nocturnal mammals. Further, the proximity of the golf
 course, rapid stream velocities, and dramatic fluctuations in water
 level preclude provision of valuable aquatic and wildlife habitat
 for some species.
 Habitat Evaluation. As a supplement to the Middle Marsh functional
 analysis for wildlife diversity and abundance, a wildlife habitat
 evaluation was conducted using the U.S. Fish and Wildlife Service's
 Habitat Evaluation Procedure (HEP). HEP is a habitat-based
 evaluation used for impact assessment and project planning, and
 provides a quantification of wildlife habitat based on the Habitat
 Suitability Index (HSI) and the area of available habitat. HSI
 values, ranging from zero for unsuitable habitat to unity (one) for
 optimal habitat, are determined for individual evaluation species
 from documented species models. Indices include the presence of
 habitat features required for reproduction, feeding and protective
 cover. HSI values are multiplied by the area of available habitat
 to produce Habitat Units (HUs). Changes in HUs will be used during
 the feasibility study to determine the impacts to wildlife habitat
 from remedial alternatives that involve temporary or permanent
 changes to vegetation, soils or hydrology.
 Species to be modeled were selected through a four stage screening
 process. The initial stage consisted of a review of existing HEP
 models for geographic appropriateness. Next, species models
 determined to be applicable to the region were evaluated for
 applicability to the ecosystem cover types identified at Middle
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Marsh (Figure 2-9). These species are listed in Table 2-5
 according to cover type. The identified species were evaluated
 with respect to life history requirements. Finally,
 representatives were selected from major guilds [i.e. groups of
 species with similar requirements (e.g. insectivorous, semi-
 aquatic) ]. During species selection, it was assumed that species
 may spend part of their time away from Middle Marsh in
 Apponogansett Swamp, on the golf course, or in other adjacent
 areas. It is important to note that species selection was limited
 to species for which HEP models were available.
 Middle Marsh was evaluated for its habitat suitability for ten
 wildlife species. Table 2-6 outlines the reproductive, foraging
 and other requirements of the selected species which include wood
 duck (Aix sponsa), great blue heron (Ardea herodias), snapping
 turtle (Chelydra serpentina), marsh wren (Cistothorus palustris),
 muskrat (Ondatra zibethicus), downy woodpecker (Picoides
 pubescens), bullfrog (Rana catesbiana), yellow warbler (Dendroica
 petechia), gray squirrel (Sciurus carolinensus), and mink (Mustela
 vison). Habitat units were then calculated for each species as
 summarized in Table 2-7. The basis for each calculation is
 discussed below and is organized in order of habitat suitability at
 Middle Marsh ranging from optimal to unsuitable.Middle Marsh was
 determined to provide optimal habitat for small insectivorous
 cavity nesters as represented by the downy woodpecker (Picoides
 pubescens). There are a sufficient number of snags available for
 nesting cavities, and an optimal tree density for insect
 production. A downy woodpecker was observed in Middle Marsh, as
 were a number of trees with evidence of woodpecker feeding.
 The area is also well suited for frogs and turtles such as the
 bullfrog (Rana catesbiana) and snapping turtle (Chelydra
 serpentina). Middle Marsh contains areas of permanent or semi-
 permanent water, with additional permanent water available in
 nearby ponds, which support semi-aquatic amphibians and reptiles.
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TABLE 2-5. ANIMAL SPECIES TYPICALLY ASSOCIATED WITH WETLANDSCOVER TYPES IDENTIFIED AT MIDDLE MARSH
 ScientificName
 Common NameCover Types
 Forested Scrub- EmergentWetland Shrub/ Wetland
 Emergent
 AMPHIBIA
 Ambystomamaculatum
 Bufoamericanus
 Hyla crucifer
 Ranacatesbeiana
 Rana clamitans
 Rana sylvatica
 Rana pipiens
 REPTILIA
 Chelydraserpentina
 Clemmysgutatta
 Chrysemyspicta
 Nerodiasipedon
 Thamnophissauritus
 Spottedsalamander
 EasternAmericanToad
 NorthernSpringPeeper
 Bullfrog
 Green Frog
 Wood Frog
 NorthernLeopardFrog
 CommonSnappingTurtle
 SpottedTurtle
 PaintedTurtle
 NorthernWater Snake
 EasternRibbonSnake
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TABLE 2-5. ANIMAL SPECIES TYPICALLY ASSOCIATED WITH WETLANDSCOVER TYPES IDENTIFIED AT MIDDLE MARSH (CONT'D)
 ScientificName
 Common NameCover Types
 Forested Scrub- EmergentWetland Shrub/ Wetland
 Emergent
 AVES
 Ardea herodins Great BlueHeron
 Butoridesstriatus
 Nycticoraxnycticorax
 Aix sponsa
 Anas rubripes
 Green-backedHeron
 Black-crownedNight Heron
 Wood Duck
 AmericanBlack Duck
 Anaspia tyrhyncos
 Buteo lineatus
 Falcosparverius
 Rallusellegans
 Ralluslimicola
 Mallard
 Red-shoulderedHawk
 AmericanKestrel
 King Rail
 VirginiaRail
 PorzanaCarolina
 Gallinagogallinago
 Scolopaz minor
 Tachycinetabicolor
 Sora
 CommonSnipe
 AmericanWoodcock
 TreeSwallow
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TABLE 2-5. ANIMAL SPECIES TYPICALLY ASSOCIATED WITH WETLANDSCOVER TYPES IDENTIFIED AT MIDDLE MARSH (CONT'D)
 ScientificName
 Common NameCover Types
 Forested Scrub- EmergentWetland Shrub/ Wetland
 Emergent
 Cistothorusplatensis
 Cistothoruspalustris
 Vireo griscus
 Dendroicapetechia
 Seiurusnoveboracensis
 Geothlypistriches
 Melospizamelodia
 Melospizageorgiana
 Agelaiuspheoniceus
 Quiscalusquiscula
 Casduelistristis
 Picoidespubescens
 MAMMALIA
 Sedge Wren
 Marsh Wren
 White-eyedvireo
 YellowWarbler
 NorthernWaterThrush
 CommonYellow-throat
 SongSparrow
 SwampSparrow
 Red-wingedBlackbird
 CommonCrackle
 AmericanGoldfinch
 DownyWoodpecker
 Castorcanadensis
 Microtuspennsylvanicus
 Beaver
 Meadow Vole
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TABLE 2-5. ANIMAL SPECIES TYPICALLY ASSOCIATED WITH WETLANDSCOVER TYPES IDENTIFIED AT MIDDLE MARSH (CONT'D)
 ScientificName
 Cover TypesCommon Name Forested Scrub- Emergent
 Wetland Shrub/ WetlandEmergent
 Ondatrazibethicus
 Muskrat
 Zapushudsonius
 Mustela vison
 Mephitismephitis
 Sciuruscarolinensis
 MeadowJumpingMouse
 Mink
 StripedSkunk
 GraySquirrel
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TABLE 2-6. SPECIES HABITAT REQUIREMENTS FOR REPRODUCTION AND FORAGING
 SPECIESREPRODUCTIVEREQUIREMENTS
 FORAGINGREQUIREMENTS OTHER
 Downy Woodpecker(Picoides pubescens)
 Great Blue Heron(Ardea herodias)
 Marsh Wren(Cistothorus palustris)
 Wood Duck(Aix sponsa)
 Yellow Warbler(Dendroica petechia)
 Snapping Turtle(Chelydra serpentina)
 Bull Frog(Rana catesbiana)
 Gray Squirrel(Sciurus carolinensis)
 Mink(Mustela vison)
 Muskrat(Ondatra zibethicus)
 Cavity nester, preferssoft snags
 Trees; nest colony sitestypically near water inDisturbance Free zones
 Nests in emergent marsheswith standing water
 Tree cavity nesters, require3"x4'r cavities; optimalbrood-rearing in denseemergent shrubs & treesinterspersed with small openwater channels
 Dense moderately tallstands of deciduous shrubs
 Moist well drained andloosely packed soils,unshaded areas
 "Warm-Adapted";permanent calm water,air temperature <27 C
 Tree cavities
 Dens and cavities beneathtree roots near edge ofwater
 Lodges or burrows inemergent wetlands locatedin permanent low velocitywater, firm substraterequired
 Insectivore, penetratebark with bill, glean, &less frequently, flycatch
 Fish in shallow water,less frequently, terrestrialsurfaces
 Gleaning & flycatchinginsectivores
 Primarily herbivores,occassionally feed uponinvertebrates; terrestrialor aquatic foraging
 Insectivores, forage on smalllimbs in deciduous foliage
 Seasonally dependentupon aquatic vegetation;carnivores during earlyspring, altering to herb-ivores during late springand summer
 Ominivorous carnivores
 Herbivorous granivores
 Primarily nocturnal;aquatic, semiaquatic, andterrestrial predators
 Herbivores, occassionallyconsume animal matter
 Number of suitablenesting tree sites is apotential limiting factor
 Other wading bird speciesmay cohabit a heronry
 Breeding habitat suitabilityreportedly influenced bydensities of predators,breeding marsh wrens, &red-winged & yellow-headed blackbirds
 Nest cavities in treeslocated in standing waterare preferred habitat
 Prefer edge habitats
 Permanent water bodiesrequired to maintainpopulations
 Standing water, preferablyat constant levels, is requir-ed for all life history stages
 Prefer forests with welldeveloped understory
 Avoids open areas; inhabitsall types of wetland areas
 Water permanence & emer-gent vegetation densityare equally importanthabitat values
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TABLE 2-7. SUMMARY OF HABITAT EVALUATION PROCEDURE
 Area of HabitatEvaluation Available Suitability Habitat
 Species Habitat Index Units
 Downy Woodpecker(Picoides pubescens)
 Mink
 (Mustela vison)
 Bull Frog(Rana catesbiana)
 Snapping Turtle
 (Chelydra serpentina)
 Yellow Warbler
 (Dendroica petechia)
 Marsh Wren
 (Cistothorus palustris)
 Muskrat
 (Ondatra zibethicus)
 Wood Duck(Aix sponsa)
 Gray Squirrel(Sciurus carolinensis)
 Great Blue Heron(Ardea herodias)
 Total
 9.6 PFO
 12.5PFO, SS, EM
 1.1 PSS, EM
 1.1 PSS, EM
 0.8 (PSSI/EM)
 1.1 PSS, EM
 1.1 PSS, EM
 12.5 PFO, SS, EM
 9.6 PFO
 12.5 PFO, SS, EM
 1
 0.5
 0.7
 0.7
 0.8
 0.3
 0.2
 0.01
 0
 0
 9.6
 6.3
 0.8
 0.8
 0.7
 0.3
 0.2
 0.1
 0
 0
 18.8
 PFO = Palustrine ForestedSS = Palustrine Scrub-ShrubEM = Palustrine Emergent 2-52
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Bullfrogs occur in Middle Marsh but are somewhat limited by the
 absence of deep water, whereas snapping turtle are limited by the
 amount of canopy coverage. Both frogs and turtles require a silty
 substrate beneath unfrozen water for hibernation. As the mucks in
 Middle Marsh are underlain by fine sandy loam and gravel,
 hibernacula, or areas with suitable protective cover for
 hibernation, may be limited.
 Middle Marsh is also well-suited for small, insectivorous birds
 which glean prey from vegetation, as represented by the yellow
 warbler. Suitability is slightly less than optimal for yellow
 warbler because of the relatively low shrub density. The area is
 moderately suited for bird species which nest in emergent
 vegetation as represented by the marsh wren (Cistothorus
 palustris). Marsh wren, however, are limited by the relatively low
 density of emergent, herbaceous vegetation. The adjacent wetland
 area is also well-suited to small insectivorous birds.
 Middle Marsh is also moderately suited to semi-aquatic carnivores
 as represented by the mink (Mustela vison). Mink commonly inhabit
 wetland areas of all kinds including swamps, marshes, backwater
 areas, and streams (Linscombe et al., 1982) such as those found in
 and around Middle Marsh including the adjacent wetland area.
 Denning sites are typically found in the roots of trees near the
 edge of water. Since the minimum home range requirement for mink
 is approximately 20 acres (Linscombe et al., 1982), mink that
 inhabit other nearby forested areas may visit Middle Marsh to feed.
 Although the presence of the golf course may somewhat limit optimal
 habitat and daytime movement in the area, mink are primarily
 nocturnal and could cross golf course areas at night.
 Middle Marsh is poorly suited for species unable to make their own
 nesting cavities such as wood duck (Aix sponsa) as suitable nesting
 cavities are limited. Although the muskrat was sighted in Middle
 Marsh, the relatively low density of emergent, herbaceous
 2-53

Page 80
						

vegetation, and limited areas of permanent water, renders Middle
 Marsh poor habitat for muskrat which requires this cover type for
 shelter and food.
 The scarcity of oak (Quercus spp.), beech (Fagus spp.)/ hickory
 (Carya spp.) and black walnut (Juglans nigra) renders Middle Marsh
 unsuitable for species such as gray squirrel (Sciurus carolinensis)
 which rely on mast, such as acorns and nuts, for food. Although
 great blue heron (Ardea herodias) was observed at the golf course
 ponds/hazards, the relatively small size of Middle Marsh, and its
 proximity to the golf course, renders it unsuitable for this
 species which is susceptible to disturbance.
 In summary, Middle Marsh provides habitat primarily for small
 insectivorous birds, including cavity nesters, semi-aquatic
 mammals, amphibians and reptiles. As described in Section 2.3.3,
 Flora and Fauna Investigations, a number of species in these guilds
 were observed in Middle Marsh and are included in the HEP analysis
 including the snapping turtle, downy woodpecker, and bullfrog. In
 addition, although not specifically addressed by the HEP analysis,
 Middle Marsh also provides suitable habitat for small terrestrial
 mammals, such as mice and raccoons, and carnivorous birds such as
 American robin and woodcock.
 2.3.6 Ecological Food Chain Pathway Model
 In this section, a conceptual food chain pathway model is developed
 to represent the trophic relationships between the species expected
 to be present in Middle Marsh. The end product is a graphical food
 chain pathway model composed of both biotic and abiotic components
 of the ecosystem. The model will assist in 1) evaluating the
 effects of contamination on environmental receptors, 2) determining
 ecological assessment endpoints for remediation, 3) evaluating the
 impacts of remediation on the wetland area, and 4) identifying
 appropriate mitigating measures.
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The energy in an ecosystem is passed along in a series of steps
 that comprise the food chain. Similarly, lipophilic substances,
 such as PCBs and pesticides, are passed along. In an effort to
 evaluate the threat of PCBs and other contaminants through trophic
 magnification to upper level consumers in Middle Marsh, an
 ecological or food chain pathway model was developed to identify
 the operative energy transfer pathways and hence, potential
 exposure pathways. In longer food chains, less energy is available
 to upper level consumers that require larger amounts of food mass
 to obtain their necessary energy requirements. As a result, the
 upper level animals consume more mass and more lipids and
 potentially more lipophilic contaminants.
 Species included in the food chain pathway model for Middle Marsh
 were selected because they are integral parts of important transfer
 pathways. Selections were based on observed abundance at the site,
 presence of suitable habitat for the species, and likelihood of
 exposure. Abundance of the species was judged by the number of
 sightings during sediment/soil and wetland studies and by trapping
 conducted by EPA (Charters, 1991) . Habitat suitability was based
 on the habitat evaluation procedure. Species with frequent or
 constant exposure to sediment/soil and water such as earthworms,
 insects and small mammals were included in the model. Conversely,
 species were excluded from the model if they were assumed to have
 little or no exposure to site contaminants or if they have been to
 shown to have very high tolerances to the contaminants (e.g.
 snapping turtle, Chelydra serpentina) (Olafsson et al.,1983).
 Selected species were included in a simplified food chain pathway
 model as illustrated in Figure 2-11. This model forms the basis
 for tracing the transfer of energy and contaminants through the
 ecosystem. It also serves as a visual aid to document the relative
 importance of various areas and functional units in Middle Marsh.
 It must be noted that Figure 2-11 depicts a wetland/terrestrial
 food chain which appears to be dominant in Middle Marsh, as aquatic
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habitat is limited to areas near the unnamed stream and its
 tributaries.
 To evaluate exposure of upper level consumers, it is important to
 understand the levels of exposure that occur at the lowest level of
 the food chain. In every ecosystem, there are two chains of energy
 transfer - one that originates in the autotrophs or photosynthetic
 plants, the grazing food chain, and another that originates in the
 decomposition of detritus by decomposers or detritivores, the
 detrital food chain (Smith, 1980). In wetland/terrestrial and
 shallow-water ecosystems, such as Middle Marsh, much energy
 transfer to higher trophic level organisms flows from species that
 consume detritus. Detritivores, such as insects, spend a great
 deal, if not all of their life cycle in the contaminated
 sediment/soil. Detritivores and insects are the base of the food
 chain in Middle Marsh and are, in combination with small mammals
 and top predators, the focus of the food chain pathway model for
 Middle Marsh. The grazing food chain in Middle Marsh is generally
 limited to seed-eating birds, ducks, mice, and turtles.
 2.4 Contamination Investigation
 2.4.1 Review of Previous Studies
 Several previous studies found contaminated sediment/soil in the
 unnamed stream and adjacent areas including Middle Marsh. These
 studies and major findings are summarized below.
 Hazardous substance investigations in the 1987 RI focussed on the
 Sullivan's Ledge landfill site and were based on multi-media
 monitoring conducted by EPA and identification of waste dumped into
 the former quarry pits. The study was designed to assess and
 characterize contamination present in the soil, sediment,
 groundwater, and surface water. Contaminants identified from
 analyses of samples included volatile organics, acid and
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base/neutral extractable organics, polychlorinated biphenyls
 (PCBs), pesticides, and heavy metals. During nine sampling events
 between January 1985 and September 1986, 469 samples were collected
 and analyzed for chemical contaminants. Although sampling was
 centered on the quarry site and areas in the vicinity of Hathaway
 Road where high concentrations of PCBs, base neutrals, volatile
 organics, and some inorganics were detected, sediment contamination
 was also discovered in the unnamed stream, Middle Marsh, and
 Apponogansett Swamp. PCB concentrations in the unnamed stream were
 observed to be about three times higher than adjacent areas
 including Middle Marsh, and base/neutral concentrations were about
 twice as high in the unnamed stream. PCB concentrations in Middle
 Marsh sediment/soil ranged from below detection limits in a
 reference area at the western extreme of the area to 18,000 /ag/kg
 in an area frequently inundated by floodwaters. Additionally,
 groundwater sampling revealed that contaminant concentrations
 diminish between the disposal area and Middle Marsh.
 The Phase II RI (Ebasco, 1989a) was conducted from October 1987 to
 March 1988. In addition to providing additional data on migration
 of pollutants from the disposal area, this study provided 1)
 additional sediment/soil sampling data in Middle Marsh, the unnamed
 stream, and Apponagansett Swamp; 2) an evaluation of potential
 contaminant migration pathways downstream of the site; and 3) a
 site-specific biota study to refine the previous assessment of
 environmental risks to aquatic biota in the unnamed stream.
 Figure 2-12 illustrates the stations (MM1-MM26) in Middle Marsh at
 which PCB and TOC data were collected (Ebasco, 1989) . PCB and
 total organic carbon (TOC) data were collected to determine the
 areal extent of PCB contamination in the wetland and to normalize
 the PCB concentrations with organic carbon. Station MM-5 had the
 highest PCB concentration at 60 mg/kg. Areas around the periphery
 of Middle Marsh had the lowest concentrations, perhaps due, as
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postulated in the RI, to local drainage which could inhibit
 deposition of sediment from the unnamed stream during storms.
 EPA (Charters, 1991) conducted an environmental assessment of
 Middle Marsh which included sediment/soil sampling in June and
 September of 1989. Sample locations (designated with ERT) are also
 depicted in Figure 2-12 and sediment/soil analyses are summarized
 in Table 2-8. This study, unlike previous remedial investigations
 conducted by Ebasco (1987; 1989a), focused entirely on the Middle
 Marsh wetland area. The investigations provided information
 concerning PCB levels in sediment/soil and water samples taken from
 both the unnamed stream and the surrounding wetland. A total of
 ten sediment/soil and seven pore and standing water samples was
 collected from stations in the unnamed stream and the wetland.
 Stations ERT 1, 2 and 3 were all located in the unnamed stream.
 Surface sediment/soil samples were collected at all ten of the
 stations while core samples were obtained from four sites all
 located in the wetland away from the unnamed stream. Station ERT
 3, located at the northernmost end of the unnamed stream yielded a
 sediment concentration of 22.5 mg/kg; the highest PCB concentration
 encountered during the study. Stations outside the stream in
 Middle Marsh, however, ranged from <1 mg/kg to 16 mg/kg with the
 highest concentrations found directly adjacent to the stream. PCBs
 were detected at 0.35 /tg/1 in one of seven water samples at station
 ERT 6. However, the water samples were unfiltered and may have
 contained particulates, thus this data point will not be used for
 comparison to established water quality criteria.
 2.4.2 Sampling Program Objectives
 The sediment/soil/water sampling program conducted as part of this
 study was designed to:
 • Provide additional chemical data on water andsediment/soil media to better define the horizontal andvertical extent of contamination in Middle Marsh and theadjacent wetland area;
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TABLE 2-8. PREVIOUS SEDIMENT/SOIL SAMPLING DATA FROM MIDDLEMARSH (CHARTERS, 1991)
 LOCATION
 ERT1
 ERT2
 ERT3
 ERT4
 ERT5
 ERT6
 ERT7
 EAST BANK
 WEST BANK
 ERT8
 MATRIX
 Surface Sample
 Surface Sample
 Surface Sample
 Surface Sample
 Surface Sample
 Surface Sample
 Core Sample
 Surface Sample
 Core Sample
 Surface Sample
 Core Sample
 Surface Sample
 Core Sample
 Surface Sample
 Surface Sample
 Surface Sample
 Surface Sample
 Surface Sample
 Surface Sample
 Surface Sample
 Surface Sample
 AROCLOR 1254
 fogftg)
 750
 1,800
 22,500
 200 U
 290
 400
 87
 2,200
 1,400
 7,200
 4,300
 827 J
 1,400
 4,700
 2,700
 16,000
 9,000
 14,000
 3,900
 1,800
 3,000
 TOTAL ORGANICCARBON
 (09/9)
 230,000
 5,700
 89,000
 100,000
 130,000
 500,000
 67,000
 98,000
 94,000
 50,000
 420,000
 120,000
 330,000
 380,000
 480,000
 78,000
 190,000
 86,000
 350,000
 110,000
 300,000
 NORMALIZED
 PCB(A/gPCB/gC)
 3.3
 315.8
 252.8
 2.2
 0.8
 1.3
 22.4
 14.9
 144.0
 10.2
 6.9
 4.2
 12.4
 5.6
 205.1
 47.4
 162.8
 11.1
 16.2
 10.0
 U= undetected at detection limit indicatedJ= estimated value
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• Determine the persistence and extent of previouslyidentified "hot spots";
 • Examine the relationship of contaminant concentrationswith frequency of flooding and resultant sedimentdeposition;
 • Define the partitioning of contaminants among media andvertical distribution in previously identified "hotspots";
 • Examine the relationship between contaminantconcentrations and various vegetation cover types (andtheir condition) found throughout the wetlands;
 • Determine contaminant concentrations in golf course soilsin areas of the golf course that were observed to floodfrequently;
 • Determine contaminant concentrations in an additionalpreviously unsampled wetland area upstream from MiddleMarsh that was observed to flood frequently.
 These data were used to support the human health risk assessment
 and the ecological exposure assessment which require the
 identification of potential pathways for the physical and
 biological transfer of contaminants. Collection of data to support
 these assessments involved sampling of various environmental media
 in Middle Marsh, the adjacent wetland area, and the golf course.
 These media are referred to in this report as soil, sediment,
 organic mat, surface water and pore water and are defined as
 follows:
 • Soil - substrate that is indigenous to the area as formedby natural geological and biological processes in bothwetlands and uplands.
 • Sediment - substrate that has been deposited in awaterbody or on soil. Sediment that has been depositedon soil may become incorporated and be indistinguishablefrom the soil over time.
 • Organic mat - substrate formed from the growth and decayof vegetation. With depth, this mat becomes more decayedand is integrated into the soil. The most recent layer
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of organic mat could consist of several inches of loose,individually distinguishable leaves and twigs.
 • Surface water - water that has formed as pools in thewetland but outside the banks of the unnamed stream.
 • Pore water - water that occupies the interstitial spacesof the sediment/soil in the wetland.
 For the purposes of this report, substrate in Middle Marsh and the
 adjacent wetland area will be referred to as sediment/soil.
 Surface water and surficial sediment/soil were collected to
 determine the horizontal (areal) extent of contamination.
 Interstitial (pore) water and sediment/soil cores were collected to
 determine the vertical extent of contamination. Pore water samples
 were collected to evaluate it as a pathway for transfer of
 contaminants between sediment/soil and biota.
 Sampling of these media was distributed among previous hot spots,
 depositional areas, various habitats, the upstream wetland area and
 on the golf course. Tables 2-9, 2-10 and 2-11 and Figures 2-13 and
 2-14 provide detailed descriptions of the stations sampled during
 May, September and October 1990. The stations designated with ME
 station numbers were sampled in May 1990. The stations designated
 with SL station numbers were sampled in September and October 1990
 to (1) collect additional data in depositional areas observed on
 August 8, 1990, (2) resample several pore water stations, and (3)
 collect samples at depth at two previous surface sediment/soil
 stations. For Middle Marsh, many of the stations satisfy multiple
 criteria (e.g. the station is in a previous hot zone and is in an
 observed depositional area). Sample stations located in the
 previously identified "hot spots" provide current water and
 sediment/soil data in those areas, and results can be used to
 evaluate changes in contamination over time. Stations located in
 depositional areas were sampled to investigate correlations between
 contaminant concentrations and areas where sediments deposit during
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 FIGURE 2-14. SEDIMENT/SOIL SAMPLING STATIONSIN THE ADJACENT WETLAND AREA AND GOLF COURSE
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various flood events (e.g. one year storm and five year storm
 levels). Stations selected in the adjacent wetland area were
 distributed geographically as well as in different habitats and
 elevations to characterize this previously unsampled area. Also,
 nine samples were taken in areas of the golf course that flood
 frequently and may expose golfers and golf course workers and other
 adults to contamination.
 2.4.3 Field investigations
 In May 1990, seventy-eight (78) sediment/soil samples, twelve
 (12) pore water samples, and ten (10) surface water samples were
 collected. Stations were located by triangulation using a 200 foot
 measuring tape and the grid system established during the original
 survey of the study area. At each station, samples were collected
 in locations judged to be representative of the general area. At
 each station, site conditions were documented, the sampling
 location was sketched, and photographs were taken. Each sample was
 documented by recording: (1) the description of the sample
 (physical characteristics such as odor, color, presence of dead
 vegetation, surface sheens, etc.), (2) the approximate depth of the
 sample collection, (3) information on the sample type (grab or
 composite), and (4) the date and time of sample collection. Each
 sample was immediately labeled and tagged (as required), preserved
 if necessary, stored on ice at 4° C, and shipped to the assigned CLP
 laboratory for analysis.
 On 18 and 19 September 1990, twenty (20) additional sediment/soil
 samples were collected from the south end of the adjacent wetland
 area and from stations on the golf course on two sides of this
 adjacent wetland. Additional two-foot cores were also sampled at
 stations ME38 (SL38) and ME22 (SL22) (previous surficial
 sediment/soil stations) which showed particularly high
 concentrations in surface sediment/soil in the May studies. Each
 2-73
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sample was analyzed for seven PCB congeners. One (1) of the
 samples from the golf course stations on each side of the wetland
 was analyzed for TOC. All of the samples collected in the adjacent
 wetland were analyzed for TOC. Twenty-five (25) percent of the
 additional samples were analyzed for metals and semivolatiles.
 None of the additional samples were analyzed for volatiles. On 1
 October 1990, five previous sediment/soil core stations were
 resampled to supplement information collected in May on pore water
 and surface water PCB concentrations. Sample collection methods
 for all surveys are described below.
 2.4.3.1 Surface Sediment/Soil
 Surface sediment/soil samples were collected using a hand auger.
 If vegetative cover was present, as much was removed as possible,
 without disturbing the sediment/soil, before the sample was taken.
 Organic matter was included in the samples but any recently
 deposited organic matter, such as loose, individually
 distinguishable leaves or twigs, was removed. The top six (6)
 inches of sediment/soil were collected as composites from multiple
 core holes within a sampling area of ten foot radius to ensure
 sufficient sample volume. The borings were removed from the hand
 auger with a stainless steel trowel and collected into a stainless
 steel bowl where they were composited prior to being placed into
 sample jars. During sampling of surface and core sediment/soil,
 considerable organic odors were noted at stations near the unnamed
 stream. Throughout Middle Marsh, there was a visible surface.
 2.4.3.2 Subsurface Soil/Sediment
 Subsurface sediment/soil cores were collected with a hand auger
 from the top two (2) feet of sediment/soil. The cores were
 collected in four (4) individual six-inch segments of increasing
 depth for each two-foot core. For each two-foot sample, the first
 six inch subsample (the surface fraction of the sample) included
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organic matter but did not include any recently deposited leaves or
 twigs.
 In response to analytical difficulties, five pore water stations in
 Middle Marsh were resampled on October 1, 1990 including Stations
 ME17, ME1, ME15, ME4 and ME14. One composite core sediment/soil
 sample was collected at each station to represent the substrate in
 contact with the pore water, and one pore water sample was
 collected and analyzed for PCB only. At each station where
 standing water was present, a surface water sample was collected
 and analyzed for PCB. Soil/sediment samples were analyzed for
 Pesticide/PCB and TOG. One sediment/soil and one surface water
 sample was collected and analyzed in duplicate for quality control
 purposes.
 2.4.3.3 Pore Water
 Pore water samples were collected from the water which seeped into
 the associated two-foot core holes. The integrity of the core hole
 was maintained by inserting a perforated PVC well point. Samples
 were extracted from the well point using a PVC bailer. Samples for
 metals analysis were filtered using a laboratory cleaned and
 dedicated 0.45 micron filter. Filtration for PCB analysis was
 performed by the laboratory as described in the Special Analytical
 Service (SAS) request. Pore water samples were accompanied by
 field measurements including pH, specific conductance, and
 temperature.
 2.4.3.4 Surface Water
 Surface water samples were collected directly into sample
 containers prior to removal of the sediment/soil samples. When
 standing water depth was too low to collect directly into the
 sample containers, a decontaminated stainless steel scoop was used
 to collect the sample. Surface water samples for metals analysis
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were filtered with a 0.45 micron filter in the same manner as the
 pore water samples were filtered. Laboratory filtering for PCB
 analysis was performed according to the SAS request and field
 measurements taken included pH, specific conductance, and
 temperature.
 2.4.4 Sample Analysis/Data Validation
 Sediment/soil and water samples collected in Middle Marsh were
 analyzed following EPA Routine Analytical Service (RAS) Statement
 of Work (SOW) 2/88 and SOW 7/88 procedures or by Special Analytical
 Service (SAS) procedures approved by EPA Region I QA/QC.
 Sediment/soil was analyzed for TCL (Target Compound List) PCBs and
 pesticides, semivolatiles and volatile organics, and TAL (Target
 Analyte List) metals. Total organic carbon and grain size were
 analyzed by Contract Laboratory Procedure (CLP) using SAS
 procedures. Water was analyzed for TAL metals (filtered and
 unfiltered), TCL volatiles, and TCL semivolatiles. Filtered and
 unfiltered pore water and standing water samples were analyzed for
 PCB using a SAS modified PCB TCL RAS procedure in order to get to
 very low detection limits required for the ecological exposure
 assessment. All data were produced through the EPA CLP at Level IV
 deliverables or deliverables required in the specific SAS.
 All the data produced during the Sullivan's Ledge sampling episodes
 were analyzed through the CLP and were submitted in data packages
 suitable for data validation. Approximately 10 percent of the data
 was fully validated (Level IV) by Region I functional guidelines
 for volatiles, semivolatiles, metals and one-hundred percent of the
 pesticide/PCB and TOC data was validated to Level IV. The
 remaining 90 percent of the volatile, semi-volatile and metals data
 was validated to Level III. Table 2-12 presents the sample types,
 number of samples, analytical parameters, and methods used during
 this sampling program. The data validated to Level III was checked
 for holding times, surrogate recoveries, matrix spike, method
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blanks, trip blanks, equipment blanks and duplicates. These checks
 were performed using the summary QC forms only and no documentation
 was performed. Lotus tables for both Level IV and Level III data
 were produced with the proper flags denoting data quality. These
 tables are presented in Appendix D. The data from both Level III
 and Level IV were compared to ascertain whether all data was
 ofequal quality. The paragraphs below describe overall data
 quality and the results of the comparative analysis.
 Polychlorinated Biphenyls (PCB). The entire set of PCB data for
 both sediment/soil and water was validated to Level IV. Very few
 of the samples of sediment/soil were flagged for QC reasons and all
 were acceptable. Most of the sediment/soil data were in the same
 order of magnitude ranging from detection limits to 32 mg/kg of
 Aroclor 1254. Aroclor 1254 was confirmed by the laboratories and
 the validators. No other Aroclors were found.
 The surface water and pore water PCB analyses were performed by SAS
 and the initial set of results for unfiltered waters was rejected
 due to procedural problems in the analysis. The initial filtered
 water analysis identified Aroclor 1254 and Aroclor 1260. However,
 the chromatograms indicated that the Aroclor identified was 1254
 that has been highly weathered. The second set of pore water and
 surface water PCB data indicated only detection of Aroclor 1254 and
 also showed a consistent concentration relationship between
 filtered and unfiltered samples. The unfiltered samples were in
 the 10 /xg/1 or less range whereas the filtered samples were in the
 1.0 ^g/1 or less range. The second set of data was much more
 consistent than the first set of data. All samples of
 sediment/soil and water appear to have Aroclor 1254 as the major
 site contaminant.
 Volatiles data. Level IV validated volatile data were very
 comparable to the Level III data for both sediment/soil and water.
 Volatiles samples contained methylene chloride, acetone and 2-
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TABLE 2-12. MIDDLE MARSH SEDIMENT/SOIL AND WATERSAMPLING PROGRAM ANALYTICAL PARAMETERS
 Samcle Media
 Surface Sediment/Soil
 Surface Water
 Sediment/ Soil Cores(16 locations)
 Pore Water
 Field Duplicate
 NumberAnalytical of AnalyticalParameter Samples Level
 TCL Pesticides/PCBsTCL Semi-VolatilesTAL MetalsTotal Organic CarbonGrain Size
 TCL Pesticides/PCBs (a)TCL Volatile OrganicsTCL Semi-VolatilesTAL Metals (a)Field Parameters (b)
 TCL Pesticide/PCBsTCL Volatile OrganicsTCL Semi-volatilesTAL MetalsTotal Organic CarbonGrain Size
 TCL Pesticides/PCBs (a)TCL Volatile OrganicsTCL Semi-VolatilesTAL Metals (a)Field Parameters (b)
 TCL Pesticide/PCBsTCL Volatile OrganicsTCL Semi-volatilesTAL MetalsField ParametersTotal Organic CarbonGrain Size
 44 IV11 [15] III (IV)9 [13] III (IV)26 III26 III
 15 IV6 [2] III (IV)6 [2] III (IV)6 [2] III (IV)8-14 I
 68 IV18 [12] III (IV)22 [7] III (IV)21 [7] III (IV)56 III56 III
 18 IV6 [2] III (IV)7 [2] III (IV)6 [2] III (IV)
 8-14 I
 10% media IV10% media III (IV)10% media III (IV)10% media III (IV)10% media I10% media III10% media III
 AnalyticalType
 CLP-RASCLP-RASCLP-RASCLP-SASCLP-SAS
 CLP-RAS /SASCLP-RASCLP-RASCLP-RAS
 — —
 CLP-RASCLP-RASCLP-RASCLP-RASCLP-SASCLP-SAS
 CLP-RAS /SASCLP-RASCLP-RASCLP-RAS
 — —
 CLP-RAS /SASCLP-RASCLP-RASCLP-RAS
 —CLP-SASCLP-SAS
 Equipment Blanks TCL Pesticides/PCBs (a) 10% media IV CLP-RAS/SASTCL Volatile Organics 10% media III (IV) CLP-RASTCL Semi-Volatiles 10% media III (IV) CLP-RASTAL Metals 10% media III (IV) CLP-RAS
 Bottle Blanks TCL Pesticides/PCBsTCL Volatile OrganicsTCL Semi-VolatilesTAL Metals
 3% media IV CLP-RAS3% media III (IV) CLP-RAS3% media III (IV) CLP-RAS3% media III (IV) CLP-RAS
 Trip Blanks TCL Volatile Organics (c) III (IV) CLP-RAS
 (a) Filtered and non-filtered samples will be analyzed.(b) pH, specific conductance, and temperature.(c) Dependent on the number of sample shipments.[ ] Number of non-pesticide/PCB samples validated at analytical level IV
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butanone that were attributed in most cases to blank contamination
 but did appear as validated detections in the cases of acetone and
 2-butanone. Sediment/soil contained validated detections of carbon
 disulfide, chloroform, toluene and xylenes all of which were at or
 near detection limits. Surface water samples contained carbon
 tetrachloride and acetone at levels below detection limits. Pore
 water contained acetone at or below detection limits and toluene
 and carbon disulfide below detection limits. Methylene chloride
 and acetone were found in pore waters above contract required
 detection limits and are not considered due to blank contamination.
 Semivolatile Organics. The core and surface sediment/soil
 exhibited similar characteristics between Level IV and Level III
 data. The Level IV data confirmed the presence of phthalate esters
 above contract required detection limits. Many PAHs and various
 phenols were also found, usually below contract required detection
 limits. Benzoic acid was present in many samples in levels below
 contract required detection limits. The presence of phenol and 2-
 methyl phenol at levels near detection limits may represent the
 break down of the PAHs found.
 The phthalate esters found above contract required detection limits
 that were confirmed by validation were bis(2-ethylhexyl) phthalate,
 di-n-octylphthate and di-n-butylphthalate. PAHs that were found
 below contract required detection limits and above instrument
 detection limits and were confirmed include: acenaphthalene,
 acenaphthene, fluorene, phenanthrene, anthracene, fluoranthene,
 pyrene, benzo(a)anthracene, chrysene, benzo(b)fluoranthene,
 benzo(k)fluoranthene, benzo(a)pyrene, indeno(l,2,3-cd)pyrene,
 dibenz(a,h)anthracene and benzo(g,h,i)perylene.
 The presence of 4-methylphenol in sediment/soil above the contract
 required detection limit was confirmed. The pore water samples
 contained pentachlorophenol, benzoic acid and bis(2-ethylhexyl)
 phthalate, all above the contract required detection limit. In
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surface waters, benzole acid and bis-2-ethylhexyl phthalate were
 found below contract required detection limits.
 Metals Data. Metals data validated at Level IV and Level III were
 comparable. Approximately 50 percent of the metals detection
 limits were raised to the levels found in bottle blank and
 equipment blank analyses. Very small quantities were estimated due
 to interference checks, duplicate precision, and matrix spike
 recoveries. These data are valid and useable.
 All TOG and grain size results from May 1990 were validated. All
 criteria for all parameters were met for the May TOC data. The TOC
 samples collected in September and October 1990 were inadvertently
 analyzed using a non-SAS CLP methodology. These data ware not
 validated but were within the range observed in the samples
 collected in May and were not used. Thirty percent of the grain
 size results were estimated because the holding times of 14 days
 were exceeded. The holding times were twenty-five days or more.
 Seven percent of the grain size results were rejected because they
 did not meet duplicate agreement quality control criteria. All TOC
 data were in the percent range showing very high organic content.
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3.0 NATURE AND EXTENT OF CONTAMINATION
 This chapter provides an analysis of contaminant concentrations and
 patterns in Middle Marsh, the adjacent wetland area, and several
 areas of the golf course. The assessment is organized by media
 (surface sediment/soil, sediment/soil cores, pore water and surface
 water) and by type of contaminant (PCB, pesticides, volatiles,
 semivolatiles and metals). Since PCB is the contaminant that is
 generally found in the highest concentrations with respect to
 background levels, it is the main focus of this chapter. In
 addition, the nature and extent of lead and zinc contamination in
 sediment/soil in Middle Marsh is discussed in detail since these
 contaminants exceeded background levels. Comparisons are made to
 the results of PCB and metals sampling conducted in the Phase I
 (Ebasco, 1987) and II (Ebasco, 1989a) RIs and to PCB samples from
 an environmental assessment of Middle Marsh conducted by Charters
 (1991). Narrative summaries are provided for other classes of
 compounds, describing the location, frequency of detection, and
 concentrations of contaminants.
 Prior to design of the sampling program, several contamination and
 transport hypotheses were developed. Hypotheses addressed include
 horizontal transport as well as vertical transport and behavior of
 contaminants, especially PCBs, within the different media in the
 wetland (i.e. soil, sediment, pore water, and surface water). The
 primary hypotheses are listed and subsequently described below.
 1. The unnamed stream is the primary vehicle for transport ofcontaminants from the disposal area to Middle Marsh andother downstream areas.
 2. During frequent flooding events, sediments are deposited inareas immediately adjacent to the unnamed stream.
 3. During large, more infrequent flooding events, sedimentsare deposited in areas immediately adjacent to the unnamedstream and in upstream areas of Middle Marsh where the flowof the unnamed stream meets quiescent backwaters and isdissipated.
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4. Sediments are deposited in the adjacent wetland area duringstorm events that cause flooding of the area.
 The unnamed stream adjacent to the disposal area is the most likely
 vehicle for transport of contaminants from the disposal area to
 Middle Marsh and other downstream areas. Sediment sampling
 conducted under the previous RI (Ebasco, 1989a) showed
 contamination of stream sediments extending from stream portions
 adjacent to the disposal area, through the golf course to Middle
 Marsh. Contaminated soil particles, particularly smaller size
 particles, are transported from the disposal area by overland flow
 to the stream during rain events. Immediately adjacent to the
 disposal area and near the adjacent wetland, the stream gradient
 and therefore water flow velocities are sufficient to keep fine
 sediments in suspension. However, in Middle Marsh, the stream
 gradient is reduced and contaminated particles settle out.
 During most hydraulic conditions, the main channel within Middle
 Marsh contains the flow of the unnamed stream. However, during
 storms, the channel overflows, inundating much of the wetland area.
 Field observations confirmed that when the channel overflowed,
 suspended sediments were deposited in Middle Marsh. Field
 observations and hydraulic modeling indicated two likely areas of
 deposition: 1) low areas immediately adjacent to the channel where
 suspended sediments could be deposited during small frequent
 storms; and 2) the upstream regions of inundated areas where during
 larger storms, advective flow ceases and suspended sediments could
 be deposited. In addition, there are several secondary hypotheses
 that were considered. For the first area, undulating topography
 and dense vegetation near the channel may constrain transport of
 sediment to more outlying areas. Further, hydraulic modeling
 (Section 2.2.6) demonstrated that during small storms, peripheral
 areas of the wetland were flooded due to runoff from adjacent golf
 course areas and not from overflow of the stream channel, further
 constraining transport to peripheral areas. For the second area,
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although deposition occurs less frequently, larger storms could
 carry a greater sediment load, resulting in significant deposition
 in these areas as well as areas near the stream.
 The hydraulic model predicted frequent inundation of the adjacent
 wetland area just upstream from Middle Marsh. Although there was
 no previous documentation of contamination in this wetland area,
 under the transport and distribution hypothesis, deposition of
 sediments could occur in this area.
 Several secondary hypotheses addressing the behavior of
 contaminants within the wetland areas are described below and
 relate to trends in PCS concentrations with sediment/soil
 description, sediment/soil organic content, vegetation or habitat
 type, mounds of sediment/soil at the edges of the wetland, and
 previous hot spots.
 Hydrophobia contaminants such as PCBs tend to bind to organic
 particles (Pal et al, 1980; EPA, 1988b). Thus, such contaminants
 could accumulate in areas of the wetland with sediment/soils of
 high organic content. Further, if surface sediment/soils were more
 organic than in soils at depth, PCB could be expected to decrease
 with depth. Accordingly, such contaminant trends were investigated
 by documenting sediment/soil description and total organic carbon
 concentrations which are reported in this chapter with PCB
 concentrations.
 There are areas within Middle Marsh that support different
 vegetation types, indicating differences in elevation and thus
 frequency and extent of inundation. In several of these areas, the
 detailed topographic survey did not identify the small differences
 in elevation and hydrology that can produce such vegetative
 differences. Also areas that were historically at low elevations
 could have received significant deposition (and thus potential
 contamination) over time and may no longer be active depositional
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areas. The historic deposition could support different vegetation
 and these areas were identified as potentially contaminated areas.
 Two topographic high spots or mounds near the entrance and exit of
 the unnamed stream from Middle Marsh (Figure 2-3) are examples of
 areas supporting different vegetation that could be contaminated
 even though inundation from the stream channel was not predicted
 for the areas. These areas support stands of Common reed
 (Phragmites austrails) and are adjacent to the stream and water
 hazards. Since Common reed frequently grows in disturbed soils,
 the presence of the reeds in these areas could indicate previous
 depositional areas.
 The final category of potentially contaminated areas considered was
 previously identified PCB "hot spots" as identified by
 Ebasco (1989a). If the "hot spots" correlated with predicted
 depositional areas and they were consistently higher in PCB
 concentration than surrounding areas, the findings would support
 the transport hypothesis. Other results could indicate a different
 transport mechanism and or a secondary source of contamination.
 An extensive sampling program was conducted in Middle Marsh, the
 adjacent wetland area, and areas of the golf course. Sampling
 stations were distributed among the various flood areas, habitats
 and previous hot spots as described in Chapter 2; Figures 2-13 and
 2-14, and Tables 2-9, 2-10, and 2-11. All the data collected under
 this program are presented in Appendix D. In addition, to
 facilitate review of the discussion presented in this chapter,
 abbreviated tables containing only compounds with detectable
 concentrations are included in Appendix E. In this section, these
 data are used to define the nature and extent of contamination in
 these areas and to support or refute the above described
 hypotheses. In addition, some areas where contamination was not
 expected, were sampled. High contaminant concentrations in such
 areas would indicate a gap in the above described hypotheses
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because the hypotheses would not fully explain the distribution and
 transport of contaminants. The above described contamination
 hypotheses are investigated by a qualitative assessment of trends
 and are not supported or refuted by use of the null hypothesis and
 a rigorous statistical analysis.
 Stations ME8 and ME20 (Figure 2-13), were chosen as background
 stations because of their elevation and distance from the unnamed
 stream. In addition, two stations (SL-SO-401 and SL-SO-402) from
 the 1987 RI (Ebasco, 1987) were selected as comparative background
 stations and were located on the golf course and south of the
 disposal area. However, subsequent field investigations during
 storm conditions and hydraulic modeling revealed that stations ME8
 and ME20 flood during storms and may be exposed to contamination.
 Results of analyses of samples from Stations ME8 and ME20 are
 described in subsequent paragraphs and confirm that these stations
 are contaminated with levels of some semivolatiles and metals that
 exceed background levels found by Ebasco (1987). Review of data
 collected at the Ebasco stations revealed low levels of PCB and PAH
 contamination at both stations. This indicates that at some
 locations, low levels of contamination in the Sullivan's Ledge area
 may be due to influences other than flooding such as atmospheric
 deposition or runoff from nearby highways. In the human health
 risk assessment (Chapter 5) , metals and PAH values are compared to
 background concentrations from the literature (Schacklette and
 Boerngen, 1984; Butler et al., 1984). The Ebasco stations,
 stations ME8 and ME20 and the literature values presented in
 Chapter 5 were used in the analysis contained herein to evaluate
 contaminant concentrations throughout the wetland.
 3.1 Surface Sediment/Soil
 Surface sediment/soil was sampled to define more clearly the
 horizontal extent of contamination as well as to investigate the
 contamination hypotheses and other relationships between
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contaminant concentrations and elevation, frequency of flooding,
 soil description and vegetation cover type. Tables of detected
 contaminants in surface sediment/soil are presented in
 Appendix E-l.
 3.1.1 Polychlorinated Biphenyls
 PCB Aroclor 1254 was the only Aroclor detected in the study area.
 This is consistent with the results of previous studies (Ebasco,
 1987; Ebasco, 1989a; Charters; 1991). To facilitate identification
 of contamination patterns, Arc/Info was used to generate maps of
 surface concentrations of PCB, as detected during sampling programs
 conducted under the current investigation. Figure 3-la shows
 individual and contoured PCB concentrations above 5 mg/kg in Middle
 Marsh assuming that the stream influences the distribution of
 sediment equally on both sides of the stream. In contrast, Figure
 3-lb shows the same individual concentrations with assumed zero
 concentrations along the stream. This assumes that the stream does
 not influence the distribution of PCB equally on both sides of the
 stream. Examination of these figures reveals similar contouring of
 PCB concentrations except for several areas adjacent to upstream
 reaches of the unnamed stream. No sampling was conducted in 1990
 in these areas and Figure 3-lb assumes no PCB concentrations. In
 contrast, Figure 3-la assumes PCB concentrations in these areas
 similar to the concentrations on the opposite stream bank. Figures
 3-la and 3-lb do not include PCB data from the 26 stations sampled
 by Ebasco (1989a). These data are discussed separately in the
 discussions of sampling results. Figure 3-2 shows individual and
 contoured PCB concentrations at 25 surface stations in the adjacent
 wetland area and surrounding golf course areas. Table 3-1 lists
 each station sampled, the PCB concentration and pertinent
 qualifier, and sediment/soil descriptions. Soil organic carbon-
 normalized PCB concentrations were calculated for comparison to
 interim sediment quality criteria and are discussed in Chapter 4,
 Ecological Exposure Assessment. Data in these figures and the
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TABLE 3-1. PCB, TOG, AND QUALITATIVE SEDIMENT/SOIL DESCRIPTIONS FORSURFACE STATIONS
 MIDDLE MARSH:
 STATION
 ME 1
 ME2
 ME3
 ME4
 ME5
 ME6
 ME7
 ME8
 ME 9
 ME 10
 ME1I
 ME12
 ME13
 ME14
 ME 15
 ME16
 ME 17
 ME18
 ME 19
 ME20
 PCB CONC.(mg/kg)*
 20.0 J
 5.8 J
 9.3 J
 11.0
 4.8 J
 1.9
 4.4 J
 U
 6.2
 20.0
 12.0J
 5.5
 6.1 J
 19.0
 13.0
 5.7 J
 24.0
 7.6
 5.7
 U
 TOC CONC.(mg/kg)
 100,000
 97,000
 170,000
 69,000
 22,000
 420,000
 97,000
 480,000
 26,000
 49,000
 68,000
 290,000
 330,000
 23,000
 57,000
 80,000
 58,000
 9,500
 80,000
 160,000
 NORM. PCB(mg/kg)
 200
 60
 55
 159
 218
 5
 45
 0
 238
 408
 176
 19
 18
 826
 228
 71
 414
 800
 71
 0
 SOIL DESCRIPTION
 DARK BROWN SILTY CLAY
 DARK BROWN ORGANIC SILT
 DARK BROWN ORGANIC SILTY CLAY
 DARK BROWN ORGANIC SILT
 DRY RED-BROWN ORGANIC CLAY. LOOSE, HOMO
 DARK BROWN ORGANIC SILT
 BLACK ORGANIC, SATURATED
 REDDISH-BROWN ORGANIC SILT
 BROWN ORGANIC SILT
 DARK GREY SANDY SILT
 DK BROWN CLAYEY SILT. TRACE SAND, ROOTS
 DARK BROWN-BLACK ORGANIC SILT, ROOTS
 DARK BROWN BLACK ORGANIC PEAT. ROOTS
 REDDISH-BROWN ORGANIC CLAY, LOOSE
 RED-BROWN CLAY FINE SILTY SAND, F. ROOTS
 DARK BROWN ORGANIC SILT CLAY-FINE SAND
 BROWN FINE SEDIMENT
 BLACK ORGANIC. SATURATED
 BLACK ORGAN 1C SILT
 BROWN SAND
 BLACK ORGANIC SILT, ROOTS
 BLACK ORGANIC. ROOTS
 COREDEPTH (in.)
 0-6
 0-6
 0-6
 0-6
 0-6
 0-6
 0-6
 0-2
 TOP LAYER
 0-6
 0-6
 0-6
 0-6
 0-6
 0-6
 0-6
 0-1
 1-6
 0-6
 0-6
 0-6
 0-6
 3-10
 * J=estimated value; U=undetected at detection limit
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TABLE 3-1. PCB, TOC, AND QUALITATIVE SEDIMENT/SOIL DESCRIPTIONS FOR
 SURFACE STATIONS (CONTINUED)
 STATION
 ME21
 ME22
 ME23
 ME24
 ME25
 ME26
 ME27
 ME28
 ME29
 ME30
 PCB CONC.(mg/kg)*
 1.0J
 28.0
 U
 2.2
 3.2 J
 0.38
 2.2
 2.8 J
 5.6
 4.1J
 TOC CONC.(mg/kg)
 300,000
 31,000
 350,000
 200,000
 96,000
 23.000
 410,000
 340,000
 190,000
 240,000
 NORM. PCB(mg/kg)
 3
 903
 0
 11
 33
 17
 5
 8
 29
 17
 SOIL DESCRIPTION
 BLACK ORGANIC SILTY PEAT, LOOSE, WOODY
 FINE SANDY SILTY CLAY
 DARK BROWN ORGANIC SILT, ROOTS. NO SAND
 DARK BROWN ORGANIC SILT, ROOTS
 DARK BROWN ORGANIC SILT, SOME PEAT+ROOTS
 DARK BROWN SANDY SILT. ROOTS
 BLACK, BROWN-RED ORGANIC SILTY PEAT, WOOD
 DARK BROWN ORGANIC SILT-SOME PEAT + WOOD
 DARK BROWN ORGANIC SILT. MANY ROOTS
 BLACK PEATY ORGANIC SILT. ROOTS
 COREDEPTH (in.)
 0-6
 0-6
 0-6
 0-6
 0-6
 0-6
 0-6
 0-6
 0-6
 0-6
 ADJACENT WETLAND AREA:ME31
 ME32
 ME33
 ME34
 ME35
 ME36
 ME37
 ME38
 ME39
 SL53
 SL54
 3.4
 5.7
 0.6
 16.0
 22.0
 13.0J
 1.3
 32.0
 4.6
 4.5
 0.91
 19.000
 19,000
 29,000
 42,000
 53,000
 12,000
 34,000
 7,700
 33,000
 179
 300
 21
 381
 415
 1,083
 38
 4,156
 139
 DARK BROWN ORGANIC SILTY CLAY-SAND. ROOT
 DARK BROWN ORGANIC SILT-FINE SANDY CLAY
 DARK BROWN ORGANIC SILT, SOME CLAY. SAND
 DARK BROWN ORGANIC CLAY-SILT. SAND. ROOTS
 DARK BROWN ORGANIC, PEATY ROOTS
 DARK SILTY WET ROOTS
 DARK BROWN ORGANIC PEAT, ROOTS
 REDDISH-BROWN COARSE SAND
 DARK BROWN ORGANIC CLAY
 DARK BROWN ORGANIC PEAT, HOOTS
 BROWN. SILTY. DRY, ROOTS
 BROWN. DRY
 0-6
 0-6
 0-6
 0-6
 0-6
 0-6
 0-6
 0-3
 3-6
 0-6
 0-6
 0-6
 3-11
 * J=estimated value; U=undetected at detection limit
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TABLE 3-1. PCB, TOC, AND QUALITATIVE SEDIMENT/SOIL DESCRIPTIONS FOR
 SURFACE STATIONS (CONTINUED)
 STATION
 SL55
 SL56
 SL57
 SL58
 SL59
 SL60
 SL61
 SL62
 PCB CONC. TOC CONC. NORM. PCB(nag/kg)* (mg/kg) (mg/kg)
 3.4
 34.0
 0.82
 2.4
 2.5
 0.82
 0.89
 0.97
 SOIL DESCRIPTION
 BROWN, SILTY, DRY. ROOTS
 BROWN, SILTY, DRY, ROOTS
 LIGHT BROWN, SANDY
 LIGHT BROWN, SANDY, WET
 BROWN CLAY, ORGANIC. ROOTS
 BROWN, ORGANIC, SAND, CLAY
 BROWN. ROOTY
 BROWN. ROOTY. SAND
 COREDEPTH (in.)
 0-6
 0-6
 0-6
 0-6
 0-6
 0-6
 0-6
 0-6
 GOLF COURSE FAIRWAYS:ME40
 ME4I
 ME42
 SL50
 SL51
 SL52
 SL63
 SL64
 SL65
 U 12,000 0 CLAYEY SILT, MEDIUM SAND, GRASS
 1.1 31,000 35 GRASS, CLAYEY SILTY SAND
 0.6 92,000 7 DARK BROWN CLAYEY SILT, SOME SAND
 1.4 BROWN, ORGANIC. CLAY
 1 0.0 BROWN. ORGANIC, CLAY
 0.94 BROWN, ORGANIC, CLAY
 0.78 BROWN, DRY. SILTY
 0.38 BROWN, DRY. SILTY
 3.3 LIGHT BROWN, MEDIUM-FINE SAND
 0-6
 0-6
 0-6
 0-6
 0-6
 0-6
 0-6
 0-6
 0-6
 3-12
 * J=estimated value; U=undetected at detection limit
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table include all surface sediment/soil (SS) samples as well as the
 surface fraction (0-6 inches) of the 14 core (SC) stations. The
 paragraphs below describe PCB contaminant patterns in these areas.
 Since the discussion of PCB in surface samples is extensive, the
 text is segregated into separate discussions for Middle Marsh, the
 adjacent wetland and the golf course.
 Middle Marsh. Twenty-seven of the thirty stations sampled in
 Middle Marsh under the current investigation had PCB contamination
 in surface sediment/soil. As illustrated by Figure 3-1, the most
 elevated PCB concentrations in Middle Marsh were found near the
 unnamed stream and in the most upstream areas. PCBs were not
 detected at stations ME8 and ME20. However, Aroclor 1254 was
 detected at the Ebasco background stations at concentrations
 ranging from 0.71 to 1.4 mg/kg. In some areas, sediment/soil
 concentrations appear to be correlated with elevation and frequency
 of flooding. Specifically, PCB concentrations decrease with
 increasing elevation and thus increase with frequency of flooding.
 However, an additional trend indicates decreasing concentrations
 with distance from the stream despite an insignificant change in
 elevation. This occurred on both sides of the unnamed stream in
 palustrine forested wetland to the south and in palustrine emergent
 and scrub-shrub emergent wetland to the north. To the north of the
 unnamed stream, concentrations at stations ME15 (13 mg/kg), ME29
 (5.6 mg/kg), ME17 (24 mg/kg), ME2 (5.8 mg/kg) and ME30 (4.1 mg/kg)
 decrease with distance from the unnamed stream within an elevation
 range of less than one foot. Similarly, in forested wetland to the
 south of the unnamed stream, as seen at stations ME14 (19 mg/kg),
 ME16 (5.7 mg/kg) and ME23 (0 mg/kg), concentrations decrease with
 distance. Stations ME1 (20 mg/kg), ME10 (20 mg/kg), ME14 (19
 rog/kg) i ME15 (13 mg/kg) , and ME17 (24 mg/kg) had among the most
 elevated concentrations in the survey and are all located
 relatively close to the unnamed stream in the upgradient areas of
 Middle Marsh.
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The above described results support contamination hypotheses 1, 2
 and 3 as listed earlier. The most elevated PCB concentrations
 were found near the unnamed stream indicating the stream as the
 source. Sampling results revealed a trend of increasing PCB
 concentration with frequency of flooding, especially in areas near
 the stream that flood at an interval of 3 months or more. The
 decrease in concentration with distance from the stream supports
 the hypothesis that the presence of dense vegetation, undulating
 topography, and inflow of drainage from golf course areas
 physically and hydraulically retard the transport of sediments to
 peripheral areas of Middle Marsh. During several large storms,
 highly turbid waters carrying heavy sediment loads were observed
 overflowing the banks of the unnamed stream in the vicinity of
 stations ME9 and ME14 which were in or adjacent to areas of PCB
 concentrations of approximately 20 mg/kg. This occurred during
 storms that flooded Middle Marsh, resulting in backwater and
 reduced stream velocities and resultant dissipation of stream flow
 and deposition. These hypotheses are further emphasized by Figure
 3-3 which depicts contoured PCB concentrations superimposed on the
 3 and 6 month flood areas. Figure 3-3 also reveals several
 anomalies in PCB contaminant patterns which will be discussed
 later.
 PCB sampling results from the current investigation are consistent
 with samples collected in Middle Marsh as part of the 1989 RI
 (Ebasco, 1989a) and with samples collected by EPA (Charters, 1991).
 The results of these surveys are summarized in Figure 2-12 with
 Ebasco's stations marked as MM-1 to MM-26 and EPA's stations marked
 as ERT1 to ERT8. In general, the highest concentrations were found
 in upstream portions of the wetland in areas near the stream that
 are subject to frequent flooding. Comparison of results from
 samples collected in similar areas by the different studies are
 consistent compared to the overall range of concentrations found
 including ME12 (5.5 mg/kg PCB) and MM-10 (11 mg/kg PCB); ME17 (24
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mg/kg PCB) and MM-12 (23 mg/kg PCB); ME7 (4.4 mg/kg PCB) and ERT6
 (7.2 mg/kg PCB); and ME30 (4.1 mg/kg PCB) and ERT5 (2.2 mg/kg PCB).
 Investigations of the previous "hot spots" were not as consistent
 with each other. In the Phase II RI (Ebasco, 1989a) , station MM-5
 marked a "hot spot" of 60 mg/kg PCB. In the current study, in the
 same area at station ME1, the concentration was 20 mg/kg PCB.
 Conversely, EPA (Charters, 1991) found concentrations of 3.9, 1.8
 and 3.0 mg/kg in the same area (ERT8) . Similar variability was
 found when comparing other stations located close together. ME11
 and MM-20 (Ebasco, 1989a) were located in dense forested wetland in
 the same area and had concentrations of 12 and 28 mg/kg PCB,
 respectively. ME27 and MM-25 (Ebasco, 1989a) were both located
 adjacent to the tributary in the southwest portion of the wetland,
 but had concentrations of 2.2 and 10 mg/kg, respectively. Such
 variability is likely due to slight differences in topography,
 hydrology or soil type. In addition, concentrations may vary with
 time as flooding events of varying intensity deposit and
 redistribute sediments.
 Several surface sediment/soil samples were collected under the
 current investigation in the mounds near the unnamed stream's
 entrance to Middle Marsh (ME22) and near its exit (ME5). Although
 the PCB concentration at ME5 was consistent with other stations in
 peripheral areas of Middle Marsh, station ME22 had the second
 highest PCB concentration (28 mg/kg) found during the May sampling.
 Since the elevation at ME22 was higher than the surrounding area,
 this area does not flood frequently, thus hypotheses 2 and 3 are
 refuted for this area. The soil type on this mound resembles that
 of the stream, and deposition may have occurred by means other than
 flooding.
 There was no apparent overall relationship between PCB
 concentration and vegetation type. A comparison of Figure 3-1 with
 Figure 2-9 reveals no pattern with the major habitat types
 3-16
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identified in Middle Marsh. However, there does appear to be a
 coincidence of elevated PCB and Common reed (Phragmites) in several
 areas. In Middle Marsh, the mound at Station 22 is occupied by
 Phragmites. The Phragmites extends to the north to Stations ME17
 and ME29, both of which had elevated PCB concentrations, 24 rag/kg
 and 5.6 mg/kg, respectively (Figure 3-1). In contrast, Phragmites
 also occupies a narrow strip along the southwest edge of the Middle
 Marsh where PCBs were not detected.
 There are alternative hypotheses to explain the distribution of
 these dense monospecific stands of Phragmites. Phragmites
 typically colonize deposited spoil material and disturbed or
 erosional areas (Tiner, 1987). Any surrounding areas impacted by
 erosion from the mounds may have been occupied by Phragmites due to
 the disturbance. There are, however, several other areas occupied
 by less dense stands of Phragmites that do not appear to be related
 to the mounds located near ME22 and ME5. In these areas,
 sedimentation and/or contamination may have eliminated pre-existing
 relatively sensitive species and may have allowed Phragmites to
 out-compete those species and occupy the area. These hypotheses
 are difficult to support with the data collected but may explain
 the occurrence of Phragmites in some areas.
 There was no clear relationship between PCB concentrations and soil
 type. Figure 2-4 illustrates the various soil types present within
 Middle Marsh. Similarly, there was no apparent trend between PCB
 concentrations and soil organic content as indicated by total
 organic carbon concentration (TOC). There was a wide range of TOC
 values throughout the areas sampled (860 ppm to 920,000 ppm) with
 no clear pattern of distribution. Although PCB tends to adhere to
 organic particles, transport and distribution hypotheses 2 and 3
 appear to be more dominant in Middle Marsh.
 Adjacent Wetland Area. The most elevated concentrations of PCBs in
 the study area were encountered in the adjacent wetland (see Figure
 3-17
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3-2) upstream from Middle Marsh. Aroclor 1254 was detected at
 every station sampled in the adjacent wetland area. Stations SL56,
 ME38, ME35 and ME34 were directly adjacent to the unnamed stream,
 from upstream to downstream, and had PCB concentrations of 34, 32,
 22 and 16 mg/kg, respectively. Another station adjacent to the
 stream (ME31) but further downstream had a concentration of 3.4
 mg/kg PCB. Concentrations at other stations decreased with
 increasing elevation and distance from the stream. These data
 support contamination hypothesis 4, and appear to reveal a pattern
 in the adjacent wetland that corresponds to hypothesis 2.
 Data collected at stations SL53 to SL62 support hypothesis 2 and
 suggest that some filtering of overbank flooding by vegetation
 occurs in the adjacent wetland, especially at Stations SL53, SL55
 and SL56. PCB concentrations at Stations SL53 and SL55, where
 vegetative filtering was observed on August 8 were 4.5 and 3.4,
 respectively. As shown in Figure 3-2, concentrations decrease with
 distance from the area of Stations SL53 and SL55. Station SL56 was
 located very close to the unnamed stream and like Station ME38 (32
 mg/kg PCB), Station SL56 had the highest surface sediment/soil PCB
 concentration (34 mg/kg) found in the September 1990 sampling.
 Golf Course Areas. As described in section 2.4.2, surface soils
 were sampled at nine locations on the golf course. PCB was
 detected at eight of the nine stations. Concentrations ranged from
 undetected to 10 mg/kg PCB. In the vicinity of the ponds/hazards
 to the north of Middle Marsh, concentrations did not exceed
 1.1 mg/kg PCB (ME41). In the golf course area east of the unnamed
 stream (Stations SL63 to SL65), PCB concentrations ranged from 0.42
 to 3.3 mg/kg. Three additional stations were sampled near a golf
 course tee area next to the adjacent wetland and the unnamed
 stream. PCB concentrations in this area were 1.4 (SL50) , 10.0
 (SL51), and 0.94 (SL52). Station SL51 was located closest to the
 unnamed stream and the elevated PCB concentration at this station
 supports hypothesis 2.
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3.1.2 Pesticides
 Pesticides were detected in four surface samples from thirty (30)
 stations in Middle Marsh. The pesticides detected were 4,4'-DDE,
 4, 4'-DDT, and 4, 4'-ODD and were found at levels only slightly above
 detection limits with concentrations ranging from 0.13 mg/kg to
 0.590 mg/kg. All three (3) of these pesticides were detected at
 Station ME23 at the south edge of Middle Marsh. 4,4'-DDT was also
 found near site-specific background levels at stations ME8 and
 ME20. ME8 and ME20 were considered background stations. These
 stations were located in peripheral areas near the golf course. In
 the adjacent wetland area, 4,4-DDD was found at Station SL54 at
 0.009 mg/kg. No other pesticides were found at levels above
 detection limits in the adjacent wetland area. Pesticides were not
 found on the golf course. Since 4,4'-ODD and 4,4'-DDT were found
 in only two samples collected under the Phase I RI, these
 detections of pesticides are not likely related to the disposal
 area.
 3.1.3 Volatile Organics
 Thirteen surface sediment/soil samples were analyzed for volatile
 organics. Data indicate that volatiles were found at ten stations
 in Middle Marsh. Volatiles found included acetone (0.019-
 0.190 mg/kg), 2-butanone (0.004-0.030 mg/kg) and methylene chloride
 (0.009-0.110 mg/kg). Chloroform, toluene, and xylene were found at
 levels near detection limits. Toluene was found at one of the
 Ebasco background stations (SL-SO-401) at 0.021 mg/kg. These
 compounds were found at one or more of the following stations: ME1,
 ME2, ME4, ME15, ME17, ME23 and/or ME29 which are widely distributed
 in Middle Marsh but are all within the 3 month floodplain (See
 Figure 2-6). No distinct patterns or relationship to patterns of
 PCB contamination were observed in Middle Marsh. Volatiles were
 virtually undetected in the adjacent wetland/golf course area.
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3.1.4 Semivolatile Organics
 Semivolatile organics were found in surface sediment/soil samples
 at all of the twenty-five stations sampled in Middle Marsh and at
 eighteen of the twenty-three stations sampled in the adjacent
 wetland and the golf course. Semivolatile organics detected
 included: polyaromatic hydrocarbons (PAH), phenols, furans,
 phthalates, 1,4'-dichlorobenzene, and benzoic acid. Concentrations
 of individual compounds ranged from 0.040 to 7.0 mg/kg. Fifteen
 PAH compounds were detected. Eight of these PAHs, including
 phenanthrene, fluoranthene, pyrene, benzo(a)anthracene, chrysene,
 benzo(b)fluoranthene, benzo(k)fluoranthene, and benzo(a)pyrene were
 widely distributed (present at 14 or more stations) and individual
 detected concentrations of these PAHs ranged from 0.040 to
 2.1 mg/kg in Middle Marsh and from 0.055 to 0.140 in the adjacent
 wetland. Concentrations of these PAHs at background stations ME8
 and ME20 ranged from undetected to 0.200 mg/kg. In comparison,
 concentrations of many of these Semivolatile compounds at the
 Ebasco background stations ranged from 0.093 to 0.99 mg/kg,
 indicating that levels in Middle Marsh exceed site-specific
 background concentrations. Concentrations in the adjacent wetland
 fall within the range of site-specific background concentrations.
 In comparison, literature values presented in Chapter 5 indicate
 that PAHs in both areas are within the range of concentrations
 reported near highways (Butler et al., 1984). Seven other PAHs
 (acenaphthylene, acenaphthene, fluorene, anthracene, indeno(l,2,3-
 cd) pyrene, dibenz(a,h) anthracene, and benzo (g,h,i) perylene)
 were found less frequently in Middle Marsh (at fewer than 8
 stations) at individual detected concentrations of 0.062 to
 0.500 mg/kg and were undetected in the adjacent wetland.
 Individual PAHs were found most frequently at stations ME15 and
 ME14 at concentrations of 0.075 to 2.1 mg/kg and 0.062 to 1.3
 mg/kg, respectively. These stations are located very close to the
 unnamed stream and are frequently flooded. Four phthalates were
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detected including di-n-butylphthalate, butylbenzyl phthalate,
 bis(2-ethylhexyl)phthalate and di-n-octylphthalate. Bis(2-
 ethylhexyl)phthalate was detected at seventeen stations (including
 ME8 and ME20) at concentrations ranging from 0.26 to 3.7 mg/kg. 4-
 methyl phenol was found at six stations (0.18 to 2.3 mg/kg) and
 benzoic acid was detected at stations ME8 and ME16 with
 concentrations of 0.8 and 7.0 mg/kg, respectively. Similar to
 volatile organics, semivolatiles concentrations were frequently
 found at levels below contract required detection limits, and did
 not exhibit a strong pattern of distribution, but were detected at
 greater frequency at several stations near the unnamed stream.
 3.1.5 Metals
 Metals analysis was performed on samples from thirty-four surface
 stations in Middle Marsh and the adjacent wetland. Surface soils
 indicated that the concentration and frequencies of detection of
 aluminum, calcium, sodium, potassium and barium and were generally
 consistent with stations ME8, ME20, the Ebasco (1987) background
 stations and regional background (Schacklette and Boerngen, 1984).
 Somewhat elevated levels of calcium, sodium, and potassium at some
 stations may have been due to differences in soil characteristics
 or the influence of ash that may have been deposited in the
 disposal area. There was, however, no pattern of distribution of
 these metals within Middle Marsh as was seen for PCB. Manganese
 (22.3-1870 mg/kg) and iron (2360-167,000 mg/kg) were widely
 distributed in Middle Marsh and the adjacent wetland and exceeded
 site-specific background levels. Iron appears to be related to the
 disposal site as evidenced by comparison to site-specific
 background levels (2490 to 12,100 mg/kg) and by the dark orange
 color of the sediments in the unnamed stream downstream of the
 disposal area. Nickel, cobalt, arsenic, and antimony were found at
 few stations and were detected at levels consistent with site-
 specific background concentrations.
 3-21

Page 128
						

A number of heavy metals were detected at levels above background.
 Chromium, copper, lead, vanadium, and zinc were elevated above
 site-specific background levels in Middle Marsh; however, lead and
 zinc were elevated at stations ME8 and ME20 as compared to the
 Ebasco (1987) background stations. In addition, literature values
 (Shacklette and Boerngen, 1984) indicate that lead and zinc
 concentrations exceed regional background levels. There was no
 pattern in the distribution of chromium and copper. In contrast,
 lead, vanadium, and zinc were present in a pattern very similar to
 that of PCB with highest concentrations occurring at stations ME29,
 ME17 and ME2 to the north of the unnamed stream and ME16 to the
 south. These stations are all located in semi-permanently flooded
 areas of Middle Marsh in a palustrine emergent wetland area that
 drains into the unnamed stream (see Figure 2-9). Figures 3-4 and
 3-5 depict the distribution of lead and zinc in Middle Marsh.
 Several metals including lead and zinc were also found in the
 adjacent wetland but concentrations were much lower than those in
 Middle Marsh and were generally within site-specific background
 levels. Metals were virtually undetected in samples taken from the
 golf course.
 3.2 Subsurface Sediment/Soil
 Core sampling was conducted at 14 stations in Middle Marsh and the
 adjacent wetland area to determine the vertical extent of
 contamination. The sections below describe contamination patterns
 in subsurface sediment/soils for PCB/pesticides, volatiles,
 semivolatiles and metals. Tables of detected contaminant
 concentrations in subsurface sediment/soil are presented in
 Appendix E-2.
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3.2.1 Polychlorinated Biphenyls
 Core sampling revealed a consistent pattern of decreasing PCB
 contamination with depth. Table 3-2 shows results of sampling at
 12 stations in Middle Marsh and 2 stations in the adjacent wetland
 conducted in May. In addition, Table 3-2 shows the results of
 resampling of several stations in September and October. At about
 half the stations, concentrations diminished to below 2 mg/kg or
 undetected in the 12-18, and 18-24 inch fractions. At
 stations ME1, ME14 and ME15, PCB levels were more consistent with
 surface concentrations (8.6, 6.6, and 12 mg/kg, respectively) in
 the 18-24 inch core fraction. In resampling of station ME38 (SL38)
 which is located directly adjacent to the unnamed stream within the
 adjacent wetland, a concentration of 97 mg/kg was found in the 6-12
 inch core fraction. This was the highest PCB concentration found
 downstream of Hathaway Road.
 During core sampling, the presence and depth of organic mat was
 noted. It was hypothesized that hydrophobic PCBs would bind
 strongly to this organic mat and that PCB concentrations in deeper
 samples (eg. 12-18 inches) would be substantially lower. However,
 at many stations organic mat material extended for the entire depth
 of the two foot core. Field observations revealed that at most
 stations there was a thin (<1 inch) layer of black, highly organic
 decomposed vegetation from recent years, but this material was not
 analyzed separately. Table 3-2 shows PCB concentrations in core
 samples with soil description, total organic carbon concentration
 and depth. At several stations, such as ME2, ME17 and ME29, PCB
 concentrations were reduced in the deepest fractions of the core
 where a less organic sediment/soil was encountered. For the
 surface fraction, it was not possible to determine if PCBs were
 more concentrated in the thin black layer because this material was
 included with, and perhaps diluted by, the remainder of the sample.
 3-25

Page 132
						

TABLE 3-2. PCB, TOC, AND QUALITATIVE SEDIMENT/SOIL DESCRIPTIONSFOR CORE STATIONS
 MIDDLE MARSH:STATION
 s
 ME!
 ME5j!
 ME 3
 ME 4
 ME 5
 ME11
 ME14
 ME15
 ME17
 PCBCONC,(mg/feg)
 20.0 J
 9.3 J
 10.0
 8.6 J
 5.8 J
 3.4
 3.6
 1.6
 9.3 J
 5.8 J
 2.7
 U
 11.0
 3.8
 2.2
 1.4
 4.8 J
 4.4 J
 2.8 J
 2.4 J
 12.0J5.4
 6.3
 2.0 J
 19.0
 11.0
 5.6
 6.6
 13.0
 9.6
 4.4
 12.0
 24.0
 16.0
 3.5
 U
 "TYV* fY -KJl"*f x/v> vV'Ff*^
 ^tftjt/Mt)
 100,000
 48,000
 59,000
 440,000
 97,000
 250,000
 190,000
 110,000
 170,000
 77,000
 230,000
 430,000
 69,000
 67,000
 270,000
 540,000
 22,000
 69,000
 84,000
 110,000
 68,000
 91 ,000
 130,000
 470,000
 23,000
 20,000
 22,000
 110,000
 57,000
 1 1 ,000
 19,000
 85,000
 58,000
 91,000
 71,000
 12,000
 SOB* DESCRIPTION
 DARK BROWN SILTY CLAY
 DARK BROWN SILTY CLAY SOME FINE SAND
 LIGHT BROWNISH SILTY CLAY
 BLACK PEATY ORGANIC SILT
 DARK BROWN ORGANIC SILT
 ORGANIC SILTY PEAT, WOOD FRAGMENTS
 ORGANIC SILTY PEAT
 GREYISH SILTY CLAY
 DARK BROWN ORGANIC SILTY CLAY
 DARK BROWN PEATY ORGANIC SILT
 DK BROWN PEATY ORGANIC SILT, WOOD FRAG
 DK BROWN PEATY ORGANIC SILT, WOOD FRAG
 DARK BROWN ORGANIC SILT
 DARK BROWN PEATY ORGANIC SILT (GR CLAY)
 DK BROWN PEATY ORGANIC SILT. WOOD FRAG
 DK BROWN PEATY ORGANIC SILT. WOOD FRAG
 DRY RED-BROWN ORGANIC CLAY. LOOSE, HOMOG
 SAME AS ABOVE SOME-GREY CLAY PRESENT
 CLAY-GREYISH-BROWN SANDY SILT. ROOTS
 DARK BROWN CLAY SOME GREY CLAY, ROOTS
 DARK BROWN-BLACK ORGANIC SILT. ROOTS
 BLACK & RED-BROWN ORGANIC SILT, ROOTS
 DARK RED-BROWN ORGANIC SILT, ROOTS
 DARK RED-BROWN ORGANIC SILT, ROOTS
 RED-BROWN CLAY FINE SILTY SAND, f ROOTS
 MEDIUM SAND-TRACE CLAY
 DARK BROWN SILTY MEDIUM SAND
 BLACK CLAYEY SILT
 DARK BROWN ORGANIC SILT CLAY-FINE SAND
 GREY FINE SAND-SOME SILT
 BLACK PEAT w\ ORGANIC SILT
 BLACK ORGANIC CLAYEY SILT
 BLACK ORGANIC SILT
 DARK BROWN ORGANIC PEATY SILT
 DARK BROWN ORGANIC PEATY SILT
 LIGHT GREY-BROWN CLAYEY FINE SAND
 CORE DEPTH(in inches)
 0-6
 6-12
 12-18
 18-24
 0-6
 6-12
 12-18
 18-24
 0-6
 6-12
 12-18
 18-24
 0-6
 6-12
 12-18
 18-24
 0-6
 6-12
 12-18
 18-24
 0-6
 6-12
 12-18
 18-24
 0-6
 6-12
 12-18
 18-24
 0-6
 6-12
 12-18
 18-24
 0-6
 6-12
 12-18
 18-24
 3-26
 J=estimated value, U=undetected at detection limit, *= no sample
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TABLE 3-2. PCB, TOC, AND QUALITATIVE SEDIMENT/SOIL DESCRIPTIONSFOR CORE STATIONS (CONTINUED)
 STATION
 ME2S=:
 ME24
 MB29!
 ^~
 SL1
 SL4
 SL14
 SL1S
 SL17
 SL22
 PCBOON&
 <fflg/kg)
 UuU
 u
 2.2
 0.44
 0.33U
 5.6
 12.06.3
 U
 17.0J
 15.0J
 12.0J
 9.4 J
 13.0J
 27.01.6
 2.8
 1.1
 toe eoNd(mg/kg)
 350,000
 320,000
 920,000
 480,000
 200,000
 67,000
 27,000
 21,000
 190,000
 100,000
 330,000
 13,000
 SOIL DESCRIPTION
 DARK BROWN ORGANIC SILT, ROOTS, NO SAND
 SAME AS ABOVE-FEWER ROOTS SOME SAND
 DARK BROWN PEAT
 DARK BROWN-RED PEAT-SOM E WOOD FRAGMENTS
 DARK BROWN ORGANIC SILT. ROOTS
 LIGHT BROWN SANDY SILT, NO ROOTS
 LIGHT BROWN SANDY CLAY
 LIGHT BROWN SANDY CLAY
 DARK BROWN ORGANIC SILT, MANY ROOTS
 DARK BROWN ORGANIC SILT. ROOTS
 DARK BROWN ORGANIC SILT, FEW ROOTS
 TAN COLORED MEDIUM SAND, LITTLE ORGANICS
 BROWN, SILT AND ORGANIC
 DARK BROWN, ORGANIC, ROOTS
 BLACK ORGANIC, GREY CLAY
 BROWN ORGANIC. GREY SAND
 DARK BROWN, LIGHT GREY SAND
 FINE SANDY-SILTY CLAY
 CORE DEPTH(in inches)
 0-6
 6-1212-1818-24
 0-6
 6-1212-1818-24
 0-6
 6-1212-1818-24
 0-24
 0-24
 0-24
 0-24
 0-24
 0-6
 6-12
 12-1818-24
 ADJACENT WETLAND AREA:
 ME34
 ME36
 SL38
 16.0
 7.5
 1.1*
 13.0J
 1.3
 U
 0.23
 8.9
 97.0
 1.5
 9.4
 42,000
 16,000
 7,300
 *
 12,000
 2,635
 860
 1,100
 DARK BROWN ORGANIC CLAY-SILT, SAND .ROOTS
 LIGHT BROWN ORGANIC SILT-SOME SAND
 LIGHT BROWN SAND-SOME CLAY
 REFUSAL BY GRAVEL
 DARK SILTY WET ROOTS
 LIGHT BROWN-GREY SAND. SILT. CLAY
 LIGHT BROWN SAND SOME CLAY
 LIGHT GREY
 RED-BROWN SAND ORGANIC
 DARK ORGANIC. CLAY
 0-6
 6-1212-1818-24
 0-6
 6-1212-1818-24
 0-6
 6-12
 12-1818-24
 3-27J=estimated value. U=undetected at detection limit, *= no sample
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3.2.2 Pesticides
 Pesticides were detected infrequently at depth in Middle Marsh.
 Specifically, pesticides were found in the five composite cores,
 sampled in October, 1990 (SL1, SL4, SL14, SL15 and SL17).
 Pesticides detected included 4,4'-DDD, 4,4'-DDE, 4,4'-DDT,
 endosulfan sulfate, and alpha-chlordane. Pesticides were also
 found in the 6-12 inch fraction of cores from station ME23
 including 4,4'-DDE (0.21 mg/kg), 4,4'-DDT (0.18 mg/kg) and 4,4'-DDD
 (1.0 mg/kg). Station ME23 is located at the southernmost tip of
 Middle Marsh near an abandoned portion of the golf course. These
 detections of pesticides are likely not attributable to the
 disposal area.
 3.2.3 Volatile Organics
 Most volatiles were found at levels near or below detection limits
 in subsurface samples of various depths. Volatiles were detected
 at nine of the ten core sampling stations in Middle Marsh. The
 volatiles found at three or more stations included acetone
 (undetected-0.480 mg/kg), methylene chloride (undetected-0.160m9/kg), and 2-butanone (undetected-0.077 mg/kg). Chloroform,
 carbon disulfide, xylene, benzene, and toluene were detected less
 frequently in core samples at low concentrations near detection
 limits.
 3.2.4 Semivolatile Organics
 In general, there was no clear pattern of semivolatiles
 contamination with depth. PAHs were found at varying depths in
 Middle Marsh with individual concentrations ranging from
 0.069 mg/kg to 3.8 mg/kg. Concentrations decreased with increasing
 depth at some stations while other stations showed the opposite
 pattern. This trend could be related to sediment/soil type. At
 ME15, for example, most semivolatile compounds decreased with
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increasing depth up to 18" and then increased sharply in the 18-24"
 fraction. As indicated in Table 3-2, ME15 is characterized by
 sandy sediment/soil in the surface fractions and highly organic
 sediment/soil in the deeper fractions. However, this phenomenon
 was generally not observed at ME14 which had similar sediment/soil
 patterns. Bis (2-ethylhexyl)phthalate was found at all ten
 stations at concentrations ranging from 0.064 mg/kg to 5.9 mg/kg.
 Other phthalates were detected at few stations and at
 concentrations near detection limits. 4-methyl phenol and benzoic
 acid were found at station ME17 at concentrations of 1.1 mg/kg and
 1.6 mg/kg, respectively.
 3.2.5 Metals
 Metals concentrations in subsurface core fractions were generally
 in the same range as the surface and there was no clear trend of
 changing concentration with depth. At station ME15, aluminum,
 barium, iron, and zinc increased with depth. In contrast, zinc
 decreased with depth at ME23. Lead concentrations decreased with
 depth as observed at stations ME15 and ME23.
 3.3 Fore Water
 Pore water samples were collected when present at the core
 sediment/soil sampling stations for comparison with ambient water
 quality criteria. Tables of detected contaminants in the pore
 water are presented in Appendix E-3. PCB and metals analysis was
 conducted on both filtered and unfiltered samples.
 3.3.1 Polychlorinated Biphenyls
 Aroclor 1254 was found in the pore water in both filtered and
 unfiltered samples. In filtered samples, dissolved PCB
 concentrations ranged from undetected, at a detection limit of 0.05
 /xg/1, to 4.4 fj.g/1 in the samples collected in May, 1990 and from
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undetected, at a detection limit of 0.02 /xg/1, to 1.4 ^ig/1 in the
 samples collected in October, 1990. These values are low compared
 to the solubility of PCB in water which ranges from 3 to 60 ^g/1
 (Clement, 1985) but exceed the ambient water quality criteria for
 PCB of 0.014 /tg/1 (EPA, 1980). In unfiltered samples, dissolved
 and particulate-associated PCB concentrations ranged from 1.8 /xg/1
 to 29 fig /I in the samples collected in October. The unfiltered
 samples collected in May were not considered because of laboratory
 inconsistencies .
 3.3.2 Volatile Organics
 Concentrations of volatiles in unfiltered pore water samples were
 detected infrequently and were found at levels near detection
 limits. Methylene chloride, acetone, carbon tetrachloride,
 toluene, and carbon disulfide were found at levels near detection
 limits at stations throughout the wetland with no apparent pattern
 to their distribution.
 3.3.3 Semivolatile Organics
 Semivolatiles were found at concentrations near detection limits in
 unfiltered pore water samples and there were very few detectable
 concentrations and no discernable pattern. Bis (2-ethylhexyl) -
 phthalate was most common but was found at low levels (0.014 /zg/kg-
 0.230 /xg/kg) . Benzoic acid and pentachlorophenol were each
 detected at stations ME29 and ME14, respectively, at concentrations
 of 0.004 M9/k<? and 0.006 ig/kg, respectively.
 3.3.4 Metals
 Unfiltered pore water samples contained barium, lead, aluminum,
 calcium, iron, magnesium, manganese, potassium, and sodium. Lead
 concentrations ranged from 21.7 to 1140 /xg/1 with the highest
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concentrations found at stations ME3, ME4, and ME14. These three
 stations were located along the unnamed stream bank and flood more
 frequently than the other three pore water sampling stations (ME11,
 ME23, and ME29) . Arsenic and nickel were found infrequently and at
 low concentrations. Chromium was detected at stations ME4 and ME14
 at 76 jtg/1 and 65.7 jig/1, respectively. Vanadium and zinc were
 found at five stations with highest concentrations at ME3, ME4, and
 ME14 (45 fJ.g/1, 81.9 fJ.g/1, 133 /tg/1, and 175 jtg/1, 625 jig/1, 566
 fj.g/1, respectively) .
 Filtered (dissolved) metals samples had markedly diminished
 concentrations of iron, lead, and zinc as compared to the
 unfiltered samples. Whereas iron and zinc values were
 approximately halved, lead values ranged from undetected, at a
 detection limit of 2 /*g/l, to 5.2 j*g/l. These values are at or
 below ambient water quality criteria adjusted for hardness using
 site-specific calcium and magnesium data.
 3.4 Surface Water
 Surface water samples were collected when present at the
 sediment/soil sampling stations to examine the horizontal extent of
 contamination and for comparison with ambient water quality
 criteria. Tables of detected contaminants in the surface water are
 presented in Appendix E-4. PCB and metals analysis was conducted
 on both filtered and unfiltered samples.
 3.4.1 Polychlorinated Biphenyls
 Aroclor 1254 was also detected in the surface water, but at
 substantially lower concentrations when compared to pore water. In
 filtered samples, dissolved PCB concentrations ranged from
 undetected to 0.19 fj.q/1 in the samples collected in May, 1990, and
 from undetected to 0.077 /zg/1 in the samples collected in October,
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1990. In unfiltered samples, concentrations ranged from 0.98 to
 4.9 ng/1 in the samples collected in October, 1990.
 3.4.2 Volatile Organics
 Acetone and carbon tetrachloride were generally undetected in
 unfiltered surface water but were found at levels near detection
 limits at two stations. No other volatiles were detected in any of
 the surface water samples.
 3.4.3 Semivolatile Organics
 Semivolatiles were undetected in nearly every surface water sample.
 Benzoic acid and bis(2-ethylhexyl)phthalate were each found at one
 station (ME3 and ME23, respectively) near detection limits.
 3.4.4 Metals
 Surface water samples generally had lower metals concentrations
 than the pore water. Zinc was found in unfiltered samples from
 four stations (ME3, ME11, ME23 and ME29) and lead from three
 stations (ME3, ME23, and ME24). The highest concentrations of zinc
 and lead were found at ME23 and ME3. ME3 is adjacent to the stream
 and is subject to frequent flooding. Similar to the pore water,
 lead and zinc were detected at or below detection limits in
 filtered surface water samples.
 In summary, sediment/soil PCS contamination is limited to the two
 wetland areas and appears to be related to the deposition of
 contaminated sediments. In areas of frequent flooding and
 deposition, PCB concentrations were generally in the range of 10 to
 30 mg/kg. PCB concentrations in the sediment/soil generally
 diminished to levels of approximately 2 mg/kg at depths of one foot
 and deeper. Several heavy metals including lead and zinc were also
 elevated and the pattern of distribution of heavy metals in Middle
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Marsh is similar to that of the PCBs in the surface sediment/soils.
 Volatile and semivolatile organic compounds were higher in Middle
 Marsh relative to the adjacent wetland area, but in both areas were
 generally within the range of background concentrations. Volatiles
 and semivolatiles were found in the pore and surface water samples
 at levels near or below detection limits. Similarly, many of the
 heavy metals were near detection limits and were below ambient
 water quality criteria. However, PCBs (Aroclor 1254) were detected
 in filtered pore and surface water samples at levels above the
 ambient water quality criterion for PCBs of 0.014 /tg/1. The
 ecological and human health implications of these data are
 discussed in Chapter 4, Ecological Exposure Assessment, and Chapter
 5, Health Risk Assessment.
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4.0 ECOLOGICAL EXPOSURE ASSESSMENT
 This chapter contains an ecological exposure assessment for
 wildlife species that inhabit Middle Marsh and development of
 potential remediation criteria. Specific remediation criteria as
 well as restoration and preservation guidelines or steps to
 minimize disturbance of habitat and maximize wetland function are
 developed in the feasibility study.
 The ecological exposure assessment for Middle Marsh consists of 1)
 a hazard assessment in which the site contaminants that pose a
 threat to wildlife are identified, 2) identification of exposure
 pathways, and 3) an exposure assessment in which sediment/soil
 clean-up levels are developed. These remediation criteria are
 developed for aquatic and wetland/terrestrial areas of Middle Marsh
 based on established numerical criteria (e.g. interim sediment
 quality criteria) and/or food chain pathway modeling using site-
 specific tissue data and literature values to develop
 bioaccumulation factors. Literature toxicity data are used to
 evaluate dietary exposure of selected upper level consumers.
 4.1 Hazard Assessment
 As described in Chapter 3, Nature and Extent of Contamination,
 sediment/soil, pore water, and surface water samples from Middle
 Marsh and the adjacent wetland were analyzed for volatile and
 semivolatile organics, heavy metals and PCB/pesticides. In this
 section, site indicator chemicals are identified and the potential
 for these chemicals to pose a hazard to aquatic and
 wetland/terrestrial wildlife are evaluated. The paragraphs below
 discuss the chemicals identified at the site and compare their
 measured concentrations to ambient water quality criteria, sediment
 quality criteria, and ecological effects levels.
 Volatile organic compounds were detected infrequently and at levels
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below detection limits in all media in Middle Marsh. Accordingly,
 volatile organics are not considered a threat to wildlife in the
 study area. Semivolatile organic compounds (SVOCs), especially
 polycyclic aromatic hydrocarbons (PAH), may cause a variety of
 health effects in wildlife. However, as described earlier in
 Chapter 3, Nature and Extent of Contamination, and as further
 documented in Chapter 5, Human Health Risk Assessment (Tables 5-1,
 5-8 and 5-9), semivolatiles in both wetland areas appear to be
 within the range of background concentrations from the literature
 that are typically found in soils near highways. Semivolatiles
 were found at levels near or below detection limits in water
 samples indicating that exposures of wildlife to SVOCs in pore
 water and surface water do not represent pathways of concern.
 Further, measured sediment/soil levels were compared with interim
 sediment quality criteria (EPA, 1988b) established for
 fluoranthene, pyrene, benzo(a)pyrene and benzo(a)anthracene and
 were below the lowest site-specific sediment quality criteria.
 Based on these considerations, semivolatiles are not considered a
 hazard to wildlife in the study area.
 Several heavy metals detected in sediment/soil in Middle Marsh and
 the adjacent wetland are above background levels including copper,
 chromium, iron, lead, vanadium, manganese and zinc. However, after
 comparison to sediment criteria set forth by Long and Morgan
 (1990) , lead and zinc were identified as metals for which the
 levels in the range of those present in the wetland areas could
 cause toxicity to some species. Long and Morgan (1990) found that
 sediment lead concentrations of 35-110 mg/kg, and sediment zinc
 concentrations of 50-125 mg/kg resulted in sublethal effects in
 aquatic biota. These values are substantially below the maximum
 lead and zinc concentrations in Middle Marsh of 845 and 521 mg/kg,
 respectively. In addition, iron may pose a threat to aquatic biota
 through creation of a solid floe that adheres to sediments and
 smothers sediment benthic organisms. To further evaluate potential
 for biological impacts, surface water and pore water metals data
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were compared to ambient water quality criteria (EPA, 1986d). This
 comparison revealed that dissolved (filtered) metals concentrations
 were near or below ambient water quality criteria for lead, zinc
 and other metals. This phenomenon may be due to the binding of
 metals to sediments as sulfides, resulting in low bioavailability
 for uptake by plants and animals. In addition to lead and zinc,
 this phenomenon was also evident for calcium and silver in Middle
 Marsh water samples and has been observed at other sites (Mac et
 al. , 1985). Due to the low water concentrations, heavy metals have
 not been evaluated as a hazard to site biota.
 As described in Chapters 3 and 5, PCB sediment/soil concentrations
 in Middle Marsh and the adjacent wetland are substantially above
 background concentrations, filtered pore water PCB concentrations
 exceed ambient water quality criteria (EPA, 1986d), and as
 described later in this chapter, sediment/soil PCB concentrations
 exceed interim sediment quality criteria (EPA, 1988b).
 Contaminated pore water constitutes a pathway for exposure of
 aquatic invertebrates which are the base of the aquatic food chain.
 This pathway represents an endangerment to other aquatic species as
 well as wetland/terrestrial wildlife that feed in aquatic areas.
 To support an ecological exposure assessment, a literature search
 was conducted to obtain toxicological data such as dose-response
 relationships, No Observed Effect Levels (NOEL), Lowest Observed
 Effects Level Levels (LOEL), Apparent Effects Thresholds (AET),
 Maximum Allowable Tissue Concentrations (MATC) and LD50s, the dose
 found to cause mortality in fifty percent of a sample population.
 This information is summarized below.
 Laboratory animals exposed to dietary PCB showed increased evidence
 of cancer; reproductive impairment; pathological changes such as
 lesions on the liver, stomach, and skin; and immunological
 impairment (Eisler, 1986; U.S. Public Health Service, 1987;
 Platonow and Karstad, 1973). Relatively low levels of PCB in the
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diet of a variety of wildlife species have been shown to cause
 reproductive impairment, behavioral changes and mortality in
 sensitive species (Eisler, 1986; Montz et al., 1982; Heinz et al.,
 1984; Platonow and Karstad, 1973). The toxicological literature
 was reviewed to obtain information on dietary exposure levels that
 have been shown to result in acute or chronic effects in wildlife
 species. Given the paucity of information on chronic toxicity for
 common wildlife species, toxicology data were extracted for
 laboratory animals and other similar wildlife species to address
 data gaps through extrapolation. Toxicity data for a wide variety
 of wildlife species and laboratory animals were listed by Eisler
 (1986). This report summarized background tissue concentrations
 for plants, invertebrates, fish, reptiles, birds, and mammals, and
 toxicity data and sublethal effects information for aquatic
 organisms, birds, and mammals. Table 4-1 lists LD50 values taken
 from Eisler (1986) and Table 4-2 lists lethal and sublethal effects
 data for wildlife species taken from Eisler (1986) and a number of
 other studies. As is evident in both tables, mink are particularly
 sensitive to PCB.
 Lethal levels in birds, as determined in experimental data (Heath
 et al., 1972; Stickel et al., 1984), appear to be consistent.
 Heinz et al. (1984) found that concentrations of PCB in the brains
 of ring-billed gulls and ring-necked pheasants found dead or dying
 were consistently greater than 300 ppm. Reproductive effects were
 observed in chickens fed with 5 ppm PCB in the diet (Heinz et al.,
 1984). Table 4-2 indicates that reproductive failure in other bird
 species occurs at dietary levels of PCB between 5 and 10 ppm (Heinz
 et al., 1984; Peakall et al., 1972; Tori and Peterle, 1983). A
 dietary level of 5 ppm PCB is used as a protective level for birds
 in the current study. In general, birds are more resistant to
 lethal effects from PCB exposure than mammals. Thus, protective
 dietary concentration levels for mammals may be considerably lower
 than for birds, as described below for mink and raccoon.
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TABLE 4-1. LD50 TOXICITY VALUES FOR PCB (AROCLOR 1254)
 (EISLER, 1986)
 SPECIES
 Birds
 Northern bobwhite
 Mallard
 Ring-necked pheasant
 European starling
 Red-winged blackbird
 Brown-headed cowbird
 Mammals
 Mink
 White-footed mice
 Rat
 Raccoon
 Cottontail
 DIETARYEXPOSURE
 PERIOD
 5 days on/3 days off
 5 days on/3 days off
 5 days on/3 days off
 4 days
 6 days
 7 days
 9 months
 Single dose
 3 weeks
 6 days
 Single dose
 8 days
 12 weeks
 LD50
 604 mg/kg
 2,699 mg/kg
 1,091 mg/kg
 1 ,500 mg/kg
 1 ,500 mg/kg
 1 ,500 mg/kg
 6.7 mg/kg
 4.0 g/kg body wt.
 >1 00 mg/kg
 >75 mg/kg
 0.5 g/kg body wt.
 >50 mg/kg
 >1 0 mg/kg
 REFERENCE
 Heath etal., 1972
 Heath etal., 1972
 Heath etal., 1972
 Stickeletal., 1984
 Stickeletal., 1984
 Stickeletal., 1984
 Ringer, 1983
 Aulerich and Ringer, 1977;Ringer, 1983
 Sanders and Kirkpatrick, 1977
 Hudson etal., 1984
 Hudson etal., 1984
 Montzetal., 1982
 Zepp and Kirkpatrick, 1976
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Mink are highly susceptible to relatively low dietary levels of
 PCB. Fleming et al. (1983) reported that 0.64 ppm of PCB in their
 diet caused reproductive failure and 1.0 ppm caused death. Ringer
 (1983) reported that a diet containing 6.7 to 8.6 mg/kg PCB caused
 50 percent mink mortality in 9 months. Platonow and Karstad (1973)
 reported that dietary concentrations of 3.57 mg/kg caused death for
 all mink in 105 days and that 0.64 ppm of PCBs caused reproductive
 failure. Other lethal and sublethal effects data are presented in
 Table 4-2. A dietary level of 0.64 ppm PCB is used as a protective
 level for mink in the current study.
 Raccoon appear to be less sensitive than mink to Aroclor 1254 but
 mammals, in general, appear to be more sensitive than birds
 (Eisler, 1986). Montz et al. (1982) found that daily dietary
 levels of 50 ppm of PCB over an eight day period had an observable
 effect on raccoons, reducing their blood cholesterol and sleeptime
 and increasing microsomal enzyme production. Protective dietary
 levels for raccoon were not found in the literature but probably
 lie between the protective levels for birds (5 ppm) (Heinz et al.,
 1984) and mink (0.64 ppm) (Platonow and Karstad, 1973) because
 raccoons appear to be less sensitive than mink but more sensitive
 than birds. ICF-Clement (1988) used a dietary level of 1 ppm PCB
 as a protective dietary level for mammals. A long-term protective
 dietary level of 1 ppm is used for raccoons in the current study.
 Based on the toxicity of PCB to wildlife, potential for
 bioaccumulation, and previous site-specific studies by EPA
 (Charters, 1991), an ecological exposure assessment was conducted
 for PCB. Site-specific studies found PCBs in the body tissues of
 aquatic invertebrates, earthworms, amphibians, and small mammals in
 Middle Marsh. Since these species serve as food for upper level
 consumers such as American robin and mink, there is a potential
 endangerment to wildlife from bioaccumulation of PCB at this site.
 4-7

Page 147
						

4.2 Exposure Pathways
 The toxicological literature demonstrates that contaminants
 released into the environment may cause a variety of chronic and
 acutely toxic effects in aquatic and terrestrial life. It is
 difficult, however, given the complexity of ecosystems, to identify
 species-to-species trophic pathways and media-to-biota pathways
 without detailed knowledge of the ecosystem and the behavior of the
 contaminant. Accordingly, as described in Chapters 2 and 3,
 detailed physical, chemical and biological information was
 collected and evaluated for Middle Marsh. Using this information
 and previous studies, aquatic and wetland/terrestrial exposure
 pathways critical to the transfer of PCB and other contaminants in
 Middle Marsh were identified.
 4.2.1 Aquatic Exposure Pathways
 In the aquatic environment, sediment-dwelling or benthic organisms
 are at the base of the food chain. These organisms are in intimate
 contact with the interstitial (pore) water of the sediments and
 many emerge in later life stages as aquatic insects. Further, in
 all aquatic organisms, contact with water through respiration is an
 important route of uptake (Waid, 1986). Thus, aquatic species
 accumulate PCB through several pathways including direct exposure
 to water and food chain bioaccumulation. In this section, areas of
 Middle Marsh that support an aquatic food chain and thus an aquatic
 exposure pathway are identified. Later in this chapter, water and
 site-specific sediment criteria are evaluated and developed.
 Compliance with such criteria shall ensure that bioaccumulation
 does not occur in the aquatic food chain to a level that could
 cause reproductive impairment in a mink feeding on aquatic food
 sources in Middle Marsh.
 During the wetland characterization (Section 2.3.2) and
 sediment/soil sampling (Section 2.4.3) under the current
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investigation, field observations indicated that there were areas
 of Middle Marsh within the three-month floodplain that were semi-
 permanently or permanently flooded and could support self-
 sustaining aquatic invertebrate communities and therefore an
 aquatic exposure pathway. To evaluate potential applicability of
 sediment quality criteria to these areas, additional field studies
 including qualitative invertebrate community sampling were
 conducted to determine the nature of the invertebrate community in
 various areas of Middle Marsh. Prior to initiating field studies,
 the results of hydraulic modelling were reviewed to identify
 candidate areas for sampling. Hydraulic analysis also supported
 the hypothesis that overbank flooding, local drainage and
 groundwater discharge could promote the presence of an aquatic
 invertebrate community in areas of Middle Marsh that remain flooded
 between storms and support standing water for most of the year.
 A qualitative benthic invertebrate survey was conducted on
 September 20, 1990 in submerged areas on each side of the unnamed
 stream in Middle Marsh at the sixteen locations (Bl to B16)
 indicated in Figure 4-1. At each location, samples were collected
 with a dip net by agitating the water just above the sediment.
 Invertebrate species were identified to the lowest practical taxa.
 The results of sampling at each station are reported in Table 4-3
 and are described below.
 A number of terrestrial semi-aquatic organisms were identified at
 the majority of stations including: adult water bugs
 (Hemipterans), snails (Gastropods), earthworms (Lumbricus
 terrestris) and other Oligochaetes, spiders (Arachnids), Green
 frogs (Rana sp.) and tadpoles, and salamanders (of the order
 Caudata). Obligate aquatic organisms identified included:
 amphipods, freshwater clams (Sphaeriidae), isopods, Alderfly larvae
 (Sialus sp.)f Cranefly larvae (Tipula sp.), midge larvae
 (Chironomids), tadpoles and leeches (Hirudinea). These obligate
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TABLE 4-3. QUALITATIVE BENTHIC INVERTEBRATE SURVEY
 STATION WATER DEPTH AT ORGANISM IDENTIFIEDTIME OF SAMPLING Common Name Scientific Name
 (inches)
 Bl
 B2
 B3
 B4
 B5
 B6
 B7
 B8
 B9
 BIO
 Bll
 up to 8
 < 4
 2-3
 2-3
 2
 2-3
 36
 2
 2-3
 2
 2
 Freshwater ClamSegmented WormWater Bug (adult)Terrestrial Snail
 EarthwormMidge (larvae)
 Freshwater ClamTerrestrial SnailTerrestrial Spider
 Alderfly (larvae)Freshwater ClamCranefly (larvae)
 Cranefly (larvae)Isopod
 Water Bug (adult)Freshwater ClamCranefly (larvae)Isopod
 Freshwater Clam
 Freshwater Clam(1/16 in.)
 Freshwater ClamCranefly (larvae)Green FrogIsopodLeechegg mass (unidentified)
 Freshwater ClamIsopod
 AmphipodFreshwater ClamCranefly (larvae)Segmented Worm
 SphaeriidaeOligochaetaHemipteraStylommatophora
 Lumbricus terrestrisChironomidae
 SphaeriidaeStylommatophoraArachnida (unidentified)
 Sialus sp.SphaeriidaeTipula sp.
 Tipula sp.Isopoda
 HemipteraSphaeriidaeTipula sp.Isopoda
 Sphaeriidae
 Sphaeriidae
 SphaeriidaeTipula sp.Rana sp.IsopodaHirudineaunidentified
 SphaeriidaeIsopoda
 AmphipodaSphaeriidaeTipula sp.
 Oligochaeta
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TABLE 4-3. QUALITATIVE BENTHIC INVERTEBRATE SURVEY (CONTINUED)
 STATION WATER DEPTH AT ORGANISM IDENTIFIEDTIME OF SAMPLING Common Name Scientific Name
 (inches)
 B12
 BI3
 BI4
 B15
 B16
 2
 2-3
 3-4
 10
 8-10
 Freshwater ClamIsopodTadpolesDragonflies (adult)
 AmphipodFreshwater ClamIsopod
 Isopod
 Midge (pupae)Salamander
 Freshwater ClamSalamander
 SphaeriidaeIsopodaunidentifiedOdonata
 AmphipodaSphaeriidaeIsopoda
 Isopoda
 Sialis sp.Caudata (unidentified)
 SphaeriidaeCaudata (unidentified)
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aquatic invertebrates were found primarily at stations B9, BIO,
 Bll, and B12, and at stations B5, B6 and B7.
 There were two general types of inundated habitat present in Middle
 Marsh: one that is intermittently flooded throughout the year and
 the other that is flooded for most or all of the year. The first,
 which was most common and widely dispersed, was found in all areas
 except in the vicinity of stations B5, B6, B7, B9, BIO, Bll and
 B12. These areas are characterized by small isolated pockets of
 standing water several inches deep with substrate rich in
 terrigenous detritus (west side of stream) or silt and detritus
 (east side of stream). These areas can support neuston such as
 adult surface beetles and hemipterans. There are also occurrences
 of obligate aquatic adult or larval forms but these tend to be rare
 and may have survived dry periods in the damp substrate
 (particularly the bivalves and oligochaetes) or were washed in with
 the periodic inundation. These areas do not appear to be
 sufficiently large, permanent or contiguous with larger aquatic
 systems to support self-sustaining aquatic communities and thus
 probably do not represent a true aquatic exposure pathway for
 contaminants. Also due to their size and isolated nature they
 would not be expected to attract semi-aquatic predators for any
 significant portion of the predators food supply.
 The second type of inundated habitat is represented primarily by
 the unnamed stream and flooded adjacent areas including the large
 central wooded (west side, stations B5, B6 and B7) and herbaceous
 (east side, stations BIO, Bll and B12) wetlands. In previous drier
 years, the area west of the stream (stations B5, B6 and B7)
 supported standing water and thus presumably an aquatic exposure
 pathway (Charters, 1991). This area was found to support dipteran
 larvae and isopods. However, in drier years, the area on the east
 side supports no standing water and thus is not considered to
 continuously maintain a self-sustaining aquatic community and
 sediment quality criteria do not apply. The area west of the
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stream, based on observations in the current study, appear to be
 connected to the stream over most of the year so that they could be
 feeding areas for stream animals and could contribute plant and
 animal material to the stream on a continuing basis. The area is
 delineated in Figure 4-2 based on the invertebrate surveys, the
 topography, and permanently flooded areas and could represent areas
 that support a significant aquatic pathway for the biological
 transfer of contaminants.
 During sediment/soil and pore water sampling, considerable areas of
 Middle Marsh were observed to have groundwater levels below the
 surface under average conditions and could not support aquatic
 invertebrates in the surface sediment/soil. The qualitative
 benthic surveys conducted on September 20, 1990 confirmed that
 these areas of Middle Marsh, such as near stations B13 and B4 and
 the entire adjacent wetland area are characterized primarily by a
 terrestrial and semi-aquatic invertebrate community. These areas
 support wetland vegetation but lack permanent standing water and
 have limited potential for an aquatic pathway for the transfer of
 contaminants. Exposure pathways that occur in these
 wetland/terrestrial areas are discussed below.
 4.2.2 Wetland/Terrestrial Exposure Pathways
 Wetland and terrestrial species such as terrestrial insects, small
 mammals and birds are not in intimate contact with surface water or
 pore water. For these species, direct sediment/soil contact and
 food chain exposure are predominant. In soil-dwelling organisms
 such as earthworms and mice, dermal contact may play a significant
 role. However, in upper level consumers, PCB uptake is due
 primarily to food chain (trophic) bioaccumulation. Typically,
 fish-eating birds and other piscivorous (fish-eating) and
 carnivorous (meat-eating) species tend to have the highest levels
 of PCB. In this section, the food chain pathway model developed in
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Section 2.3.6, site-specific tissue data, and literature
 information on the life histories and feeding habits of selected
 species, are used to select critical food chain pathways and target
 species for protection. Exposure of selected target species is
 evaluated later in this chapter and sediment/soil clean-up levels
 are developed. Figure 2-11 illustrates the terrestrial and wetland
 trophic relationships that likely play the largest role in the
 trophic transfer of PCB. Selected species and food chain pathways
 and the rationale for their selection are discussed below.
 American robin (Turdus migratorius) and American woodcock
 (Philohela minor) are included because they are carnivorous and
 their principal food source is earthworms (Terres, 1980) which have
 been shown by Charters (1991) to carry body burdens of PCB up to
 2.3 mg/kg in Middle Marsh. Earthworms also play an important role
 in mobilizing PCB into the food chain due to their contact with
 sediment, soil, and water. Raccoon is included because its tracks
 were observed and its food species include small mammals, frogs,
 worms, and reptiles (Whitaker, 1980). Similarly, mink may utilize
 aquatic food sources such as fish, crayfish, tadpoles, and mollusks
 when an aquatic feeding area is available, as well as small mammals
 and other terrestrial animals, such as mice and small birds during
 a substantial portion of the year (Linscombe et al., 1982). Small
 mammals such as mice and shrews were included because they burrow
 in the soil and are frequent prey of reptiles and other small
 mammals such as raccoons and mink. In addition, the shrew is a
 voracious insectivore (Whitaker, 1980), feeding on terrestrial
 insects which are in intimate contact with the sediment/soil.
 Amphibians such as the green frog were included because of their
 abundance, site-specific data indicating PCB body burdens, and
 because they are frequent prey of reptiles and mammals.
 Insectivorous birds that feed on terrestrial insects such as
 beetles, pill bugs, and centipedes have also been included.
 Although the snapping turtle is a top level carnivore and was
 frequently observed in Middle Marsh, it is not a target species due
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to its high level of body fat and associated resistance to PCS and
 other lipophilic contaminants (Olafssen et al., 1983). In
 comparison, the Spotted turtle is largely herbivorous and based on
 site-specific plant tissue data indicating undetected PCB
 concentrations has not been included. Although the Red-tailed hawk
 (Buteo jamaicensis) was observed on-site on a number of occasions,
 it was not included as a target species because its home range is
 0.5-2.2 square miles and although Red-tailed hawk may occasionally
 feed around Middle Marsh and the golf course, Middle Marsh
 comprises a maximum of 4 percent of the hawk's range, greatly
 reducing the percent of its diet that would come from Middle Marsh.
 4.3 Exposure Assessment
 In this section, a variety of methods are used to assess exposure
 of Middle Marsh wildlife species through both aquatic and
 wetland/terrestrial exposure pathways. For aquatic exposure
 pathways, the equilibrium partioning method is evaluated as a
 method of developing sediment quality criteria for aquatic portions
 of Middle Marsh. For wetland/terrestrial pathways, exposure of
 upper level consumers is evaluated by calculating potential dietary
 levels and comparison of those levels to the toxicity data
 identified in Section 4.1. A literature search was conducted to
 obtain bioaccumulation factors (BAF) and to obtain analogous
 studies of other contaminated sites in which animal tissues were
 collected and from which bioaccumulation factors could be
 calculated. The literature revealed that although the movement of
 PCBs in aquatic food chains is well documented and bioaccumulation
 factors were readily available, there is a paucity of literature
 and studies on the bioaccumulation of PCBs in wetland and
 terrestrial food chains from which to develop bioaccumulation
 factors for extrapolation to Middle Marsh. Thus only site-specific
 tissue data collected by Charters (1991) are used to develop
 bioaccumulation factors for food species such as small mammals,
 earthworms, and frogs. The bioaccumulation factors developed for
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these species were calculated as the ratio of PCB in the species
 tissue to the level in the sediment/soil as follows:
 Sediment/soil X BAF = Animal Tissue PCB Level
 which yields: BAF = Animal Tissue PCB LevelSediment/Soil PCB Level
 This method accounts for all types of exposure including direct
 contact, inhalation, soil ingestion, and trophic magnification or
 food exposure. This method assumes that the organisms exposure
 level is directly proportional to the level in the sediment/soil.
 This information is used to back-calculate remediation criteria for
 sediment/soil that are protective of wildlife, especially targeted
 upper level consumers by maintaining their food supply at or below
 LOELs.
 4.3.1 Development of Bioaccumulation Factors
 The paragraphs below contain a review of a study of Middle Marsh
 conducted by EPA (Charters, 1991) and several other recent studies
 conducted in wetland and terrestrial environments contaminated with
 PCB. For this site, bioaccumulation factors were developed using
 these site-specific data where available. Although site-specific
 factors are used in the exposure assessment, literature values are
 provided for comparison. BAFs based on site-specific data and
 literature values are summarized in Table 4-4.
 EPA (Charters, 1991) conducted biological sampling in Middle Marsh
 in 1989, providing site-specific data that PCBs are bioaccumulating
 in the biota. As described in detail in Section 2.3.1, PCBs were
 detected in aquatic invertebrates, frogs, earthworms and small
 mammals which indicate possible endangerment to upper level
 consumers feeding on these species. Specifically, data collected
 by Charters (1991) was used in the current study to calculate
 sediment/soil-earthworm, sediment/soil-frog and sediment/soil-small
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TABLE 4-4. BIOACCUMULATION FACTORS FOR TERRESTRIALFOOD CHAIN PATHWAYS IN MIDDLE MARSH
 Pathway BAF Source
 Soil-EarthwormSoil-EarthwormSoil-Earthworm
 Soil-FrogSoil-Frog
 Soil-Meadow VoleSoil-Meadow Vole
 Soil-White FootedMouse
 Soil-Deer Mouse
 Soil-Least Shrew
 0.16-0.291.3-5.81.4-1.7
 0.220.004
 0.020.008
 0.070.006
 0.08-0.09
 0.02
 Soil-Terrestrial Insects 0.05Soil Terrestrial 0.5 (forInsects 2,3,7,8-TCDD)
 Charters, 1991Diercxsens, et al., 1985Mac et al., 1985
 Charters, 1991Watson et al., 1985
 Charters, 1991Watson et al., 1985
 Charters, 1991Watson et al., 1985
 Charters, 1991
 Watson et al., 1986
 Watson et al., 1985Bartelson et al, 1975
 mammal BAFs based on averaged sediment/soil and tissue
 concentrations. For each food species (e.g. earthworms), tissue
 data from that species and the sediment/soil PCB concentrations
 from the stations at which the species was sampled were averaged
 and the averaged values were used in the equation outlined above to
 derive a site-specific bioaccumulation factor. Values ranged from
 0.16 to 0.29 for earthworms for the east and west banks,
 respectively. In the exposure assessment, the more conservative
 value of 0.29 will be used to evaluate the dietary levels of
 carnivorous birds such as the American Robin and Woodcock. Values
 ranged from 0.08 to 0.09 for deer mouse (P. maniculatus) for the
 east and west banks, respectively. White-footed mouse (P.
 leucopus) from the west bank had a BAF of 0.07 and deer mouse (M.
 pennsylvanicus) from the west bank had a maximum BAF of 0.09.
 Since upper level consumers likely feed on different species of
 small mammals, an average BAF of 0.07 was calculated for the east
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and west bank stations. The reference station (ERT 4) was not
 included in the aggregate data in part due to the different species
 collected. The average site-specific BAF for sediment/soil-frog
 tissue was 0.22. Using sediment and benthic invertebrate data from
 the unnamed stream, a maximum BAF of 0.19 was derived.
 The literature provided several comparative data points for uptake
 of PCB by earthworms. Diercxsens et al. (1985) calculated
 bioaccumulation factors of 4.3 and 5.8 in anectic earthworms from
 soils containing 110 ppm PCB and a BAF of 1.3 in earthworms from
 soils containing 9.7 ppm. These data indicate that bioaccumulation
 factors may vary with soil levels. Mac et al. (1985) calculated a
 BAF from dredged sediment to earthworm of 1.4 in the field
 (sediment contamination of Aroclor 1248=0.65 ppm) and an average of
 1.7 in the lab. Kreis et al. (1987) calculated BAFs ranging from
 4.33 to 13.38 for worms in soil contaminated with a combination of
 Aroclors. However, the Mac et al. and Kreis et al. data were based
 on dry weight tissue concentrations and cannot be used in direct
 comparison to the site-specific data.
 Several other studies were identified that included biota sampling
 in terrestrial environments contaminated with PCBs. Watson et al.
 (1985) sampled biota near a hazardous waste site in Moreau, N.Y.
 where PCB had been dumped and where the site access road had been
 treated with PCB oil for dust control. PCB concentrations ranged
 from 5.5-6300 mg/kg (mean = 806) on the access road and from 0.06-
 1010 mg/kg (mean=248) in a yard adjacent to the road. Biota
 sampled included insects, fish, amphibians, reptiles, and small
 mammals. Bioaccumulation factors that can be derived from this
 study include: soil-terrestrial insects, 0.05; soil-white-footed
 mouse, 0.006; soil-meadow vole, 0.008; soil-least shrew, 0.02;
 soil-green frog, 0.004. These values, however, were based on the
 highest PCB concentrations from the site and on tissue
 concentrations of biota collected over the entire site including
 relatively uncontaminated areas. As a result, the PCB
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concentrations in soils used to calculate the BAFs were the highest
 concentrations that the animals were exposed to in their entire
 habitat range. Calculations produced unrealistically low BAFs and
 these values will not be used to assess bioaccumulation in Middle
 Marsh.
 4.3.2 Development of Remediation Criteria
 A critical element of the Middle Marsh study is the development of
 appropriate remediation criteria. Potential criteria designed to
 protect aquatic biota include sediment quality criteria which are
 based on the equilibrium partitioning method. Wetland/terrestrial
 criteria for sediment/soil are derived from bioaccumulation factor-
 based criteria developed from food chain pathway modeling.
 4.3.2.1 Aquatic Exposure Criteria
 Interim sediment quality criteria were developed by EPA (1988b)
 using several different techniques including the equilibrium
 partitioning method. These interim criteria are used to estimate
 sediment toxicity and the biological impact of in-place
 contaminated sediments and are intended to be protective of the
 presence and ecological functions of benthic invertebrates and
 other aquatic life (EPA, 1988a). EPA guidance indicates that
 sediment quality criteria are based on water quality criteria and
 were developed to limit contaminant concentrations in the pore
 water or interstitial water of sediments. These limits are
 established to protect benthic, epibenthic, and other aquatic
 invertebrate communities which are at the base of the aquatic food
 chain. Thus, sediment quality criteria apply to permanently
 flooded or truly aquatic environments with obligate aquatic
 species. These communities are in intimate contact with water as
 many of them respire cutaneously or through gills. Many benthic
 organisms are filter feeders and pump large volumes of water during
 respiration and while feeding on water-borne organic material. The
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PCB sediment/quality criterion was derived from the corresponding
 ambient water quality criterion developed to safeguard against
 bioaccumulation that could result in chronic reproductive effects
 in upper level consumers as represented by a species found to be
 particularly sensitive, the mink (Mustela vison). This section
 discusses potential application of site-specific sediment quality
 criteria developed by the equilibrium partitioning method.
 Calculation of sediment quality criteria by the equilibrium
 partitioning method is based on two interrelated assumptions
 1) that the pore water concentration is controlled by partitioning
 between the liquid phase and the solid phase, and 2) that the
 toxicity and exposure of benthic organisms is a function of the
 pore water concentration rather than the total concentration in the
 sediment. Partitioning is dictated by a partitioning coefficient
 that allows calculation of pore water concentrations from known
 sediment concentrations. The partitioning coefficient is based on
 a contaminant characteristic, the octanol-water coefficient, and a
 sediment characteristic, the organic carbon fraction. Hydrophobic
 chemicals, like PCB, tend to bind to colloidal organic particles,
 thus there is an inverse relationship between the organic content
 of sediments and the bioavailability of hydrophobic contaminants
 such as PCB. Use of this method depends on the assumption that
 benthic organisms are as sensitive to contamination as water column
 organisms and is based on experimentally developed partioning
 coefficients.
 Contaminant-specific criteria for sediments are derived from
 ambient water quality criteria (EPA, 1980) through use of the
 partitioning coefficient. This allows back-calculation of sediment
 levels that within certain probability will not result in
 exceedance of chronic water quality criteria in the pore water.
 For PCB, the chronic water quality criterion value for freshwater
 initially set forth by EPA in 1980 is 0.014 /xg per liter and is
 based on protection of wildlife. Specifically, the criterion is
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based on studies of mink who were fed a diet of beef contaminated
 with PCB (Aroclor 1254) concentrations of 0.64 mg/kg. These low
 levels of exposure caused reproductive impairment indicating that
 mink are especially sensitive to PCB (Platonow and Karstad, 1973) .
 In 1988, EPA (1988b) published interim mean and 95 percent
 confidence limit sediment quality criteria for 13 chemicals. The
 proposed low, mean, and upper value freshwater sediment quality
 criteria for PCB were 3.87, 19.5, and 99.9 pq PCB/g carbon,
 respectively. The low and upper values are based on the
 variability of the partitioning coefficient. Given the site-
 specific data indicating that bioaccumulation is occurring on site
 (Charters, 1991) and due to the presence of truly aquatic
 environments in portions of Middle Marsh with elevated PCB
 concentrations, the equilibrium partitioning may be an appropriate
 method for this site and sediment quality criteria will be
 evaluated as an indicator of wildlife endangerment in aquatic areas
 and thus will be evaluated as remediation criteria. Some of the
 assumptions used in the development of sediment quality criteria
 are evaluated below. Interim sediment quality criteria are based
 on ambient water quality criteria derived from an LOEL for mink of
 0.64 ppm PCBs in diet (Platonow and Karstad, 1973) and a BAF of
 45,000 for salmonid fish accumulating PCB directly from water (EPA,
 1980). The calculation 0.64/45,000 is used to derive the water
 quality criterion of 0.014 ^ig/ liter for protection of wildlife. A
 value of 19.5 /zg PCB/gram carbon in sediment may prevent exceedance
 of 0.014 M9/1 in tne pore water.
 During summer, the mink's food source is in intimate contact with
 the sediment and the equilibrium partioning method is used to
 calculate a sediment clean-up level for aquatic areas. Since the
 dietary level of 0.64 ppm can cause reproductive impairment in less
 than a year, this dietary level will be used as an acute exposure
 level. The equilibrium partitioning method is used resulting in a
 TOC-normalized sediment quality criterion of 19.5 fj.g PCB/g carbon.
 For an average TOC concentration of 134,000 mg/kg in the aquatic
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sediments, the clean-up level is 2.6 mg/kg. This indicates an
 aquatic BAF of 0.64/2.6 = 0.25 which compares closely with the
 calculated site-specific BAF for frogs of 0.22. The mink has a
 home range of approximately 20 acres (Linscombe et al., 1982).
 Since the 13-acre Middle Marsh comprises 65 percent (13/20 = 0.65)
 of the minks home range, it is assumed that the mink will spend 65
 percent of its foraging time in Middle Marsh and the sediment
 clean-up level is adjusted proportionally to 4.0 mg/kg (2.6/0.65 =
 4.00).
 A graphical approach was used to identify areas of Middle Marsh
 that exceed sediment quality criteria. TOC-normalized PCB
 concentrations in Middle Marsh based on data collected under the
 current investigation are illustrated in Figure 4-3. For each
 station sampled in May 1990, four sets of parameters including
 TOC-normalized PCB concentrations and the site-specific low, mean
 and upper sediment quality criteria were input into a Geographic
 Information System (CIS). From each of these data sets, the CIS
 software (ARC/INFO) used an interpolation algorithm to generate a
 three-dimensional surface representing values of the parameters
 distributed over a rectangular area. For example, at each
 intersection of an x-y grid superimposed on the sampling area, an
 interpolated value of each parameter (e.g. upper sediment quality
 criteria value) was generated based on the known values of the
 parameter from the various surrounding sampling locations and a
 three-dimensional surface of interpolated values was generated for
 each of the four sets of values. Figure 4-4 shows the results of
 this process for bulk or unnormalized, dry weight PCB
 concentrations in Middle Marsh and the adjacent wetland. Next, a
 ten-foot grid was superimposed on Middle Marsh and values of each
 of the four parameters were obtained at each grid point with
 another CIS interpolation algorithm. In effect, this algorithm
 drapes the three-dimensional surface of each parameter over the
 ten-foot interval grid and records a value at each grid point from
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the value of the surface directly above it. The end result of this
 procedure was a gridwork of interpolated PCB concentrations as well
 as sediment quality criteria values for PCB spaced every ten feet
 within the wetland.
 Potential areas for application of sediment quality criteria were
 identified by overlaying the above described gridwork with
 Figures 4-3 and 4-2 and delineating aquatic habitat areas in which
 normalized sediment concentrations exceeded the mean sediment
 quality criterion. This indicates that approximately one-third of
 an acre west of the stream exceeds the mean sediment quality
 criterion of 19.5 /xg PCB/g carbon and shall be considered for
 potential remediation. Remediation of this area would address
 concerns related to dietary exposure of mink, and perhaps
 insectivorous birds and other upper level consumers that feed in
 aquatic areas. Conversely, application of sediment quality
 criteria in wetland areas not designated as truly aquatic
 environments would not be appropriate due to the absence of
 obligate aquatic species and expected aquatic exposure pathways.
 Development of remediation criteria for the non-aquatic wetland
 areas is based on wetland/terrestrial exposure pathways and
 estimates of bioaccumulation derived from site-specific data and
 literature values and is presented in Section 4.3.2.2.
 4.3.2.2 Wetland/Terrestrial Exposure Criteria
 In the paragraphs below, the bioaccumulation and toxicity data
 presented earlier are used to conduct a wildlife exposure
 assessment for species indigenous to Middle Marsh and to calculate
 potential sediment/soil clean-up levels. Given the multiple
 pathways defined in section 4.2.2, and the range of bioaccumulation
 factors developed from site-specific data and the literature, a
 range of potential clean-up levels are presented.
 Because calculation of BAFs from site-specific data, in many
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instances, are based on limited data, there is uncertainty in such
 calculations. Species-to-species extrapolation of BAFs and
 toxicological data assumes that PCBs affect different species in
 the same manner. However, BAFs and toxicological data developed
 from feeding studies do not account for dermal contact and soil
 ingestion and therefore may not be conservative enough.
 Conversely, the dietary levels used can be considered conservative
 because they represent the maximum allowable dietary concentration
 and not an average over the feeding area. For many of the
 calculations presented below, assumptions are used to account for
 species migration, feeding range, and percent diet.
 In the exposure assessment presented below, sediment/soil clean-up
 levels are back-calculated using the following relationship which
 is the same as that used to develop the ambient water quality
 criterion for PCB:
 Cmedia = LOELBAF
 where: Cmedia = concentration of PCB in environmental media(e.g. sediment, soil, water) (mg/kg)
 LOEL = dietary lowest observed effect level(mg/kg)
 BAF = bioaccumulation factor from the media tothe food species consumed (unitless)
 Carnivorous Birds. Based on the abundance of earthworms in Middle
 Marsh and frequent sightings of the American robin, a sediment/soil
 clean-up level was calculated for American robin and other
 carnivorous birds such as woodcock based on a protective dietary
 level of 5 ppm PCB and a BAF of 0.29 for earthworms derived from
 site-specific worm tissue data and sediment/soil concentrations
 (Charters, 1991). Assuming that earthworms comprise 75 percent of
 these species diet, and that Middle Marsh is 90 percent of their
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feeding range, a clean-up level of 25.5 mg/kg is indicated by the
 following equation:
 Sediment/Soil = LOEL = 5 ppm PCS =25.5 mg/kg PCBClean-Up Level BCF (0.29)(0.75)(0.9)
 Insectivorous Birds. Insectivorous birds are exposed to PCB
 through the terrestrial food pathway through consumption of
 terrestrial insects. In the absence of site-specific data on
 terrestrial insects, a sediment/soil clean-up level was calculated
 for insectivorous birds using a BAF of 0.19 developed for aquatic
 invertebrates (Charters, 1991). Assuming that terrestrial insects
 comprise 100 percent of the bird's diet, and that Middle Marsh is
 90 percent of the feeding range, a sediment/soil clean-up level of
 29.2 mg/kg is indicated by the following equation.
 Sediment/Soil = 5 ppm PCB =29.2 mg/kg PCBClean-up Level (0.19)(1.0)(0.9)
 Carnivorous and Omnivorous Mammals. Upper trophic level
 carnivorous and omnivorous mammals in Middle Marsh and the adjacent
 wetland include raccoon and mink. Mink prefer aquatic food sources
 to terrestrial food sources when both options are equally available
 (Linscombe et al., 1982). In Middle Marsh, aquatic food sources
 for the mink include small fish, crustaceans, newts, mollusks, and
 tadpoles. Mink will also consume a significant number of frogs
 when available. However, during winter when the stream may be
 partially frozen and when frogs are hibernating, mink will feed
 largely on small mammals (Linscombe et al., 1982). As in Section
 4.3.2.1, since reproductive impairment can occur in mink at low
 dietary levels in less than a year, the dietary level of 0.64 ppm
 PCB will be used as an acute exposure level and dietary exposure
 levels will be calculated for the mink's winter (terrestrial) diet.
 In winter, mink will feed largely on small mammals. Accordingly,
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a sediment/soil clean-up level for wetland/terrestrial areas
 outside the aquatic areas is based on the site-specific BAF for
 small mammals (Charters, 1991) as indicated by 0.64/0.07 = 9.14.
 Since Middle Marsh comprises 65 percent of the minks home range of
 20 acres, the clean-up level is adjusted accordingly to 14 mg/kg
 (9.14/0.65 = 14).
 Raccoon, in comparison, are largely omnivorous but feed
 opportunistically and may consume a substantial amount of frogs and
 mice when readily available (Kaufman, 1982) , as is the case in
 Middle Marsh. Accordingly, a sediment/soil clean-up level has been
 calculated to protect raccoon. A BAF of 0.22 for frogs and 0.07
 for mice is used based on Charters, (1991) with a protective
 dietary level of 1 ppm (ICF-Clement, 1988) . The raccoon has a home
 range of 18-36 acres (Kaufman, 1982). It was assumed that Middle
 Marsh comprises 50 percent of the raccoons feeding range and that
 30 percent of their diet is composed of frogs and mice. A
 sediment/soil criterion of 45.9 mg/kg was calculated for protection
 of raccoon as indicated below.
 I =45.9 mg/kg PCB[(0.22)(0.5) + (0.07) (0.5)] [0.5][0.3]
 In summary, using the equilibrium partitioning method for sediments
 in the aquatic areas, and application of site-specific
 bioaccumulation factors to the food chain pathway model developed
 in Chapter 2, clean-up levels of 4 mg/kg (19.5 ^g PCB/gram carbon)
 for sediments and 15 mg/kg for wetland/terrestrial areas are
 indicated for protection of mink (Mustela vison). Comparison of
 these food chain-derived clean-up levels to PCB concentrations in
 Middle Marsh and the adjacent wetland area (Figures 3-la, 3-lb and
 3-2) reveals several areas that exceed these criteria.
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5.0 HUMAN HEALTH RISK ASSESSMENT
 This risk assessment was performed by Clement International
 Corporation to evaluate the potential risks to human health
 associated with the off-site migration of chemicals from the
 Sullivan's Ledge disposal area to Middle Marsh, a smaller wetland
 area adjacent to Middle Marsh, and the New Bedford Municipal Golf
 Club golf course which surrounds the marsh.
 The analysis constitutes a current evaluation of the no-action
 alternative using the data obtained during the supplemental RI of
 Middle Marsh performed by Metcalf & Eddy and also some data from
 previous investigations (EBASCO 1987, 1989). The evaluation is
 consistent with risk assessment guidelines from EPA Region I (EPA
 1989a), guidelines from the Office of Emergency and Remedial
 Response for risk assessments at Superfund sites (EPA 1989b) and
 federal guidelines for human health risk assessments in general
 (EPA 1986a,b,c). As required under Subpart E, Section 300.430(d)
 of the National Contingency Plan (NCP) promulgated on March 8, 1990
 (EPA 1990a), the no-action alternative evaluates the impacts on
 human health and the environment with the assumption that no
 remedial (corrective) actions take place and that no restrictions
 are placed on land-use. The results of the human health risk
 assessment are intended to assist in decisions concerning the
 necessity for remediation, and if remediation is required, to help
 establish acceptable exposure levels for use in developing remedial
 alternatives in the Feasibility Study.
 5.1 Review of Previous Studies
 The Phase I Remedial Investigation risk assessment for the
 Sullivan's Ledge site was performed by EBASCO in 1987. The focus
 of the assessment was the 12-acre area adjacent to the filled
 quarry pits believed to be the source of site contamination. Since
 contaminated soil, groundwater, surface water and sediment were
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known to exist at the site, samples were taken from each of these
 media and underwent a broad-based analysis for HSL (hazardous
 substance list) organics and inorganics. The diverse disposal
 history at the site also supported a dioxin analysis on test-pit
 soils and low-volume sampling of air for particulates.
 Current exposure pathways selected for the Phase I risk analysis
 were direct contact (ingestion and dermal absorption) with on-site
 and off-site surface soil and sediment, dermal absorption of on-
 site and off-site surface water, and inhalation of airborne vapor
 and particulates. Future potential exposures through the use of
 groundwater were also evaluated; complete exposure pathways
 expected to result from the use of groundwater included ingestion,
 inhalation of vapors and dermal absorption.
 Although carcinogenic risk estimates exceeded the EPA 10~6 point of
 departure for many pathways, the most significant carcinogenic
 risks were from the future use of groundwater by residents. All
 hazard indices calculated in Phase I for exposures to site
 contaminants were less than one with the exception of accidental
 ingestion of on-site soil by children. The hazard index for this
 pathway was attributed to the maximum concentration of lead
 detected in surface soil.
 The Phase II Remedial Investigation risk assessment, performed by
 EBASCO in 1989, was intended to be a supplement to the Phase I risk
 assessment. The Phase II sampling program was designed to fill
 data gaps left by the Phase I program. Samples were taken from
 soil, sediment, surface water, and groundwater, and most were
 analyzed for all compounds on the toxic compounds list (TCL) and
 Toxic Analyte List (TAL). Sediment samples, collected from four
 locations including Middle Marsh, were analyzed for both PCBs and
 total organic carbon. Generally, the Phase II risk assessment
 reviewed the Phase I assessment findings and reevaluated risk
 calculations for those contaminants which showed significantly
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varied concentrations from Phase I to II data or that were detected
 in Phase II data only.
 Of the reevaluated carcinogenic risks, the most significant were
 found to be associated with the exposure pathways involving direct
 contact (ingestion and dermal absorption) of surface soil and
 ingestion of groundwater. The potential for noncarcinogenic
 effects was greatest for ingestion of groundwater. Lead in soil
 was not considered to present a potential health concern in the
 Phase II assessment since lower lead levels were detected in Phase
 II sampling.
 5.2 Identification of Chemicals of Potential Concern
 This section of the Human Health Risk Assessment will discuss the
 selection of chemicals of potential concern for the Sullivan's
 Ledge/Middle Marsh site. Summary statistics are presented for the
 chemicals measured in sediment/soil and surface water. In
 addition, background chemical concentrations obtained from site-
 specific measurements are presented as well as regional background
 data where available and background information from the literature
 on PAHs.
 5.2.1 Data Organ!zation
 For this site investigation, Metcalf & Eddy characterized chemical
 concentrations in sediment/soil of Middle Marsh, the smaller
 wetland area adjacent to the marsh, and selected locations on the
 golf course which may have been impacted by disposal activities at
 Sullivan's Ledge. Surface water and "pore water" (groundwater
 which infiltrated into a bore hole after a hand auger sample was
 taken) data were also collected in Middle Marsh.
 Sediment/soil sampling results from Middle Marsh, the smaller
 wetland adjacent to the marsh, and from the golf course locations
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were organized into two data groups based upon input from EPA
 Region I. Surface sediment/soil data collected in Middle Marsh
 were placed in a separate category for evaluation, and surface
 sediment/soil data from the adjacent wetland area and the golf
 course were combined for analysis based upon the potential for
 exposure. Summary statistics from these two data sets will be
 presented and discussed simply as "Middle Marsh" and the "Golf
 Course/Wetland Area" for the remainder of this chapter.
 Several types of statistics were generated from sediment/soil, and
 surface water data for this human health risk assessment for the
 two areas of concern. Guidance from EPA Region I requires that an
 average and maximum exposure be evaluated in risk assessment (EPA
 1989a). Arithmetic average and maximum concentrations are
 therefore presented for Middle Marsh and the Golf Course/Wetland
 Area. In addition, minimum concentrations, frequencies of
 detection, and the sample size used to calculate the summary
 statistics were tabulated and will be presented below by medium.
 In calculating the arithmetic average concentrations, chemicals
 which were reported as less than the detection limit in a
 particular sample were assumed to be present at one-half of the
 reported detection limit in accordance with EPA guidance (EPA
 1989b) . Samples were not included in the calculation of the
 arithmetic average when one-half of the detection limit was greater
 than the maximum measured value for that chemical (EPA 1989b).
 Treatment of coded or qualified data was also in accordance with
 EPA guidance (EPA 1989b).
 5.2.2 Data from Sediment/Soil Investigations
 Both surface (0-6") and subsurface sediment/soil (7-24") were
 sampled for the current investigation. Because of the focused
 nature of this risk assessment, sampling depths were first
 considered in order to determine whether both surface and
 5-4

Page 174
						

subsurface data were relevant to the quantitative risk evaluation.
 Consideration was given to the magnitude of the measured chemical
 concentrations and the nature of possible exposure. Based upon
 this analysis, it was determined that chemicals measured in
 surficial sediment/soil rather than subsurface sediment/soil were
 of potential concern with respect to human health, and summary
 statistics on these data were generated. In addition to data from
 58 sampling stations collected by Metcalf & Eddy, 26 surface
 sediment/soil PCB data points obtained from Middle Marsh samples
 during the Phase II Remedial Investigation (EBASCO 1989) were
 integrated into the data set from the current investigation.
 Background Sediment/Soil Data. Because of the widespread nature of
 the chemicals associated with disposal activities at Sullivan's
 Ledge, it is difficult to identify background samples from the
 current investigation within the study area which are truly
 indicative of local urban background conditions. PCBs, PAHs and
 lead were frequently measured in sediment/soil sampled during the
 current and past investigations and are known to be chemicals
 associated with past disposal practices at Sullivan's Ledge. For
 chemicals such as PAHs, the proximity of the New Bedford County
 Incinerator and major highways to the study area further
 complicates matters since PAHs can be products of incomplete
 combustion and as such are present in urban, rural, and
 agricultural environments. The problems associated with
 designating samples from this investigation and previous
 investigations as background have been discussed in a previous
 chapter of this document.
 The samples ME-08 and ME-20 were designated as potential background
 samples from the M&E investigation together with samples SL-SO-401
 and SL-SO-402 from the earlier Phase I investigation (EBASCO 1987).
 The ranges of concentrations from these designated background
 samples are presented on Table 5-1 together with maximum
 concentrations of these chemicals measured in Middle Marsh and the
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TABLE 5-1
 BACKGROUND SURFACE SOIL CONCENTRATIONS
 (Organics: ug/kg, Inorganics: mg/kg)
 Maximum Concentration
 Chemical
 Organics:
 Benzo( a )anth raceneBenzo(a)pyreneBenzoic acidChrysene4,4'-DDTDi-n-butylphthalatebis(2-Ethylhexyl)phthalateFluoranthene2-Methy I phenolPCBs <Aroclor-1254)Pyrene
 MiddleMarsh
 850880
 1,0501,100205480
 3,5001,400340
 60,0001,500
 Golf Course/Wetland Area
 880880
 N880
 N880
 1,500880340
 32,500880
 Keg ions iBackgroundRange (a)
 290165
 251
 200
 145
 - 3,297- 3,196
 —- 2,703
 ———- 3,734
 ——- 4,515
 a 1 te-apeci T i cBackgroundRange (b)
 .-
 800-
 12093190110200710140
 ..--- 1,100--- 130- 480- 410- 200- 340- 1,400- 170
 Inorganics:
 AluminumArsenicBariumBerylliumCadmiumCalciumChromiumCobaltCopperIronLeadMagnesiumManganeseMercuryNickelPotassiumSeleniumSodiumThai humVanadiumZinc
 22,50010.92520.81.9
 15,10051.28.4114
 167,000845
 7,4001,8700.27.7
 3,2100.25661.3110521
 10,1404.367.61.22.1
 3,105426.538.8
 25,200352
 4,8953650.314.4
 1,9750.6471
 N43.7118
 30,0005.6
 150.01.0
 -1,20010.0
 N2.0
 15,00010.0500100.04
 N7,900
 <.15,000
 -3012
 - 70,000- 22.0- 300.0- 3.0--- 20,070- 70.0- 15- 30.0- 50,000- 15.0- 15,000- 700- 4.1- 30- 27,700- .7- 10,000--- 150- 120
 1,960 - 12,200r<3.5 - 10.10
 36 - 123<0.91<1.2
 273 - 10,30013
 <3.6<14.6
 2,350 - 12,10046 - 149121 - 3,16020 - 213 (c)
 0.1 - 0.2<10.4
 268 - 361<2.70189 - 263
 <0.91 - 1.321 - 4918 - 84
 (a) Regional background data for inorganics represents data from samples taken in Barnstable,Berkshire, Essex, Hampden and Middlesex counties in Massachusetts (Shacklette and Boerngen 1984;Boerngen and Shacklette 1981). PAH data is not from regional sources, and represents surfacesoil measurements of soils near highways (Butter et al. 1984).
 (b) Site-specific background data are taken from Supplemental RI samples ME8 and ME20 and Phase I RIsamples SL-SO-401 and SL-SO-402 (Ebasco 1987). If more than 1 detection limit was reported fromthe Ebasco samples, the lowest detection limit is shown.
 (c) Value of 20 mg/kg was associated with low spike recovery in the laboratory analysis and mayunderestimate the actual concentration.
 — = Background values not available.N = Not detected.
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Golf Course/Wetland Area sediment/soil for comparison. The EBASCO
 background samples report concentrations of inorganics, while the
 M&E investigation measured both organics and inorganics. Organic
 chemical detection limits in the M&E background samples were on
 occasion elevated in comparison to Contract Required Laboratory
 Quantitation Limits (CRQLs) due to interferences. Therefore, in
 the case of non-detected chemicals, these detection limits were not
 considered to be indicators of potential background levels.
 Detection limits reported from the EBASCO samples are listed on
 Table 5-1 for non-detected metals since these detection limits were
 not very elevated in comparison to CRQLs. When two non-detected
 values were reported for a chemical from the EBASCO samples, the
 lower detection limit was presented on Table 5-1.
 Regional background information on metals is also presented in
 Table 5-1 to augment data from site-specific background samples.
 Regional background information was obtained from USGS (Shacklette
 and Boerngen 1984) and represents concentration ranges of metals in
 surface soil from 5 counties in the Commonwealth of Massachusetts
 (Barnstable, Berkshire, Essex, Hampden and Middlesex). The
 regional data was used to take into account the small sample size
 defining site-specific background and the natural variability which
 is typically encountered with the sampling of metals. Both site-
 specific and regional background information were used in this
 human health assessment to determine which chemicals of potential
 concern would be considered. Chemicals with maximum concentrations
 which were greater than both site-specific and regional data were
 evaluated in the human health risk assessment. The results of this
 comparison are discussed below in the sections which present the
 summary statistics for Middle Marsh and Golf Course/Wetland Area.
 Table 5-1 also presents literature concentrations for PAHs measured
 in soil near highways and present as products of incomplete
 combustion. These ranges are provided only as additional
 information and were not considered in the selection of the
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chemicals of concern at the site. This was because the PAHs are
 known to be present in waste material from the Sullivan Ledge site
 and may be present in the study are as a result of disposal
 activities.
 Middle Harsh Sediment/Soil. Table 5-2 presents the summary
 statistics for surface sediment/soil in Middle Marsh collected by
 Metcalf & Eddy.
 In the case of PCBs, data from the Phase II Remedial Investigation
 (EBASCO 1989) were also included. The samples used to generate
 these statistics are representative of a 0-6" depth.
 As shown on Table 5-2, several types of organic chemicals were
 measured in Middle Marsh surface sediment/soil:
 • Alkylaromatics: toluene
 • Carboxylic Acids: benzoic acid
 • Chlorinated aliphatics: methylene chloride, chloroform
 • Chlorinated aromatics: 1,4-dichlorobenzene
 • Chlorinated pesticides: DDT, ODD, DDE
 • Chlorinated Phenols: pentachlorophenol
 • Ketones: acetone, 2-butanone
 • Nitrosamines: N-nitrosodiphenylamine
 • Phenols: phenol, 2-methylphenol, 4-methylphenol
 • PAHs: dibenzofuran, dibenzo(a,h)anthracene,benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene,benzo(k)fluoranthene, chrysene, indeno(1,2,3-c,d)pyrene,acenapthene, acenaphthylene, anthracene, benzo (g, h, i) perylene,fluoranthene, fluorene, phenanthrene, pyrene
 • PCBs: Aroclor 1254
 •Phthalates: butylbenzylphthalate, di-n-butyphthalate, di-n-octylphthalate, bis(2-ethylhexyl)phthalate
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TABLE 5-2
 SUMMARY STATISTICS FOR MIDDLE MARSH SURFACE SEDIMENT/SOIL
 (Organics: ug/kg. Inorganics: mg/kg)
 Concentration
 Chemical
 Organics:
 AcenaphtheneAcenaphthyleneAcetoneAnthraceneBenzo( a )anthraceneBenzo(a)pyreneBenzo( b) f I uorant heneBenzo(g,h, i )peryleneBenzo( k ) f I uorant heneBenzoic acid2-ButanoneButylbenzylphthalateChloroformChrysene4,4'-DDD4,4'-DDE4,4'-DDTDi -n-butylphthalateDi -n-octylphthalateDibenzo(a,h)anthraceneDibenzofuran1 ,4-Dichlorobenzenebis(2-Ethylhexyl)phthalateFluorantheneFluoreneIndeno(1,2,3-c,d)pyreneMethylene Chloride2-Methylphenol4-MethylphenolN-ni trosodiphenylaminePCBs (Aroclor-1254)PentachlorophenolPhenanthrenePhenolPyreneToluene
 Inorganics:
 AluminumArsenicBariumBeryl humCadmiumCalciumChromiumCobaltCopperIronLeadMagnesiumManganeseMercuryNickelPotassiumSeleniumSodiumThalliumVanadiumZinc
 Frequency ofDetection (a)
 2/241 / 246/106/2417 / 2417 / 2420 / 247/2416 / 249/242 / 127/242 / 1217 / 241 / 262/263/265/242/244/241 / 242/24
 21 / 2219 / 242/248/247 / 72/248/241 / 2450 / 571 / 2416 / 243/2419 / 241 / 11
 24 / 2416 / 2424 / 242/242/2424 / 247/241 / 2418 / 2424 / 2424 / 2422 / 2424 / 241 / 241 / 24
 14 / 241 / 243/241 / 24
 21 / 2420 / 24
 MeanSample
 Size (b)
 21107191924122011111111192623241324122223213772415721982310
 24242422242424242424242424151324124242424
 MinimumDetectedValue
 62
 —1969130110207420734
 100
 —170
 —53.81206513084
 —91120190791009
 200180
 —380
 —130180220
 2,2552230.50.570215
 —24.82,42548.71,52013.5——512--
 210
 —31.725.7
 ArithmeticMean
 69
 —6815040041066030040049015230114901107492300140110—120
 1,3006808628045280730
 —8,7001,1004002707007 5
 10,0005.41200.50 5
 5,100193 547
 37,000340
 3,3004600.15.1880
 1400.461190
 MaximumDetectedValue
 7591190240850880
 2,100500
 1,1001,050
 3037022
 1,10059021020548014015071150
 3,5001,400
 92410110340
 2,30066
 60,0001,200830350
 1,50015
 22,50010 92520.81.9
 15,10051.28 4114
 167,000845
 7,4001,8700.27 7
 3,2100.25661 3110521
 (a) The number of samples in which the contaminant was detected divided by the total number ofsamples analyzed.
 (b) The number of samples in calculating the mean. This number may differ from the denominatorof the frequency of detection, because non-detect samples in which one-half the dection limitexceeds the maximum value in a group of samples were not included in calculating the mean
 --- = Not applicable due to the small sample size or since only one measurable concentration waswas detected.
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Of these chemicals, the PCB Aroclor 1254 was measured at the
 highest average and maximum concentrations, and was frequently
 detected. Several PAHs and bis(2-ethylhexyl)phthalate were also
 measured at some of the highest concentrations and had a high
 frequency of occurrence. These chemicals appear to be widely
 distributed in Middle Marsh. Other chemicals were measured less
 frequently or at much lower concentrations. The chemicals benzoic
 acid, 2-methylphenol and di-n-butylphthalate were measured at
 concentrations which were less than or equal to concentrations
 measured in the site-specific samples ME-08 and ME-20. These
 chemicals were therefore not considered chemicals of potential
 concern in Middle Marsh sediment/soil.
 Although summary statistics were presented for all of the metals
 measured during the current investigation, only copper, iron, lead,
 manganese, and zinc may be elevated in Middle Marsh sediment/soil
 in comparison to site-specific and regional background values.
 These metals were also frequently detected during the RI. All
 other metals were not considered chemicals of potential concern in
 Middle Marsh sediment/soil.
 Golf Course/Wetland Area Sediment/Soil. Table 5-3 presents the
 summary statistics for surface sediment/soil from the Golf
 Course/Wetland Area collected by Metcalf & Eddy. In the case of
 PCBs, no additional data from previous investigations was available
 for inclusion for this area. The samples used to generate these
 statistics are representative of a 0-6" depth.
 As shown on Table 5-3, several types of organic chemicals were
 measured in Golf Course/Wetland Area sediment/soil:
 • Alkylaromatics: toluene
 • Chlorinated aliphatics: methylene chloride
 • Chlorinated pesticides: ODD
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TABLE 5-3
 SUMMARY STATISTICS FOR THE GOLF COURSE/WETLAND AREA SEDIMENT/SOIL
 (Organics: ug/kg, Inorganics: mg/kg)
 Chemical
 Organics:
 AcetoneAnthraceneBenzo( a ) anth raceneBenzo(a)pyreneBenzo(b)f luorantheneBenzo(k)f luoranthene2-ButanoneButylbenzylphthalateChrysene4,4'-DDDDi-n-butylphthalatebis(2-Ethylhexyl )phthalateF luorantheneIndeno(1,2,3-c,d)pyreneMethylene Chloride2-Methylphenol4-MethylphenolPCBs (Aroclor-1254)Pentach 1 oropheno IPhenanthrenePhenolPyreneToluene
 Inorganics:
 AluminumArsenicBariumBerylliumCadmi urnCalciumChromiumCobaltCopperIronLeadMagnesiumManganeseMercuryNickelPotassiumSeleniumSodiumVanadiumZinc
 Frequency ofDetection (a)
 1 / 13/135 / 135 / 135 / 133/131 / 11 / 135 / 1 31 / 282/137/137/132 / 131 / 12 / 1 31 / 1327 / 291 / 135 / 131 / 137/131 / 1
 11 / 119 / 1 111 / 119 / 1 19 / 1 1
 11 / 1110 / 112 / 11
 11 / 1111 / 1111 / 1111 / 1111 / 111 / 119 / 1 110 / 118 / 1 09 / 1 110 / 119 / 1 1
 MeanSampleSize (b)
 1111111101111
 111
 1212111113
 112911111
 111
 111111111111111111111111111111119
 111111
 MinimumDetectedValue
 —4656055140280
 ——70
 —480140100335
 —270
 —380
 —58
 —110
 —
 5,7601.923.70.60.991115.9
 68.7
 8,1909.4
 1,43098.4
 —5.73870.2102
 17.133.7
 Concentration
 ArithmeticMean
 —490400380440470
 ——430
 —460600420440
 —280450
 5,8002,100420
 —420
 —
 8,4002.6370.71.2
 1,600223.120
 11,000110
 2,3001900.18
 6400.42702352
 i
 MaximumDetectedValue
 13089088088088088030918809
 8801,50088088035340550
 32,5003,75088014088015
 10,1404.367.61.22.1
 3,105426.538.8
 25,200352.548953650.314.41,9750.647143.7118
 (a) The number of samples in which the contaminant was detected divided by the total number ofsamples analyzed.
 (b) The number of samples in calculating the mean. This number may differ from the denominatorof the frequency of detection, because non-detect samples in which one-half the detectionlimit exceeds the maximum value in a group of samples were not included in calculating themean.
 — = Not applicable due to the small sample size or since only one measurable concentrationwas detected.
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• Chlorinated Phenols: pentachlorophenol
 • Ketones: acetone, 2-butanone
 • P A H s : b e n z o ( a ) a n t h r a c e n e , b e n z o ( a ) p y r e n e ,benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene,indeno(1 ,2 ,3-c ,d)pyrene , anthracene, f luoranthene,phenanthrene, pyrene
 • PCBs: Aroclor 1254
 • Phenols: phenol, 2-iaethylphenol, 4-methylphenol
 • Phthalates: butylbenzylphthalate, di-n-butyphthalate,bis(2-ethylhexyl)phthalate
 Of these chemicals, the PCB Aroclor 1254 was measured at the
 highest average and maximum concentrations and with the greatest
 frequency of occurrence. Bis(2-ethylhexyl)phthalate and
 pentachlorophenol were also measured in the part per million range,
 although pentachlorophenol was only detected in 1 out of 13 samples
 (a frequency of occurrence of 8%) . The chemical 2-methylphenol
 was measured at a concentration which was equal to that measured in
 the designated background samples. This chemical was therefore not
 considered a chemical of potential concern in Golf Course/Wetland
 Area sediment/soil.
 Although summary statistics were presented for all metals, only
 lead and copper appear to be elevated in comparison to available
 upper range literature values. These metals were also frequently
 detected in Golf Course/Wetland area sediment/soil. All other
 metals were not considered chemicals of potential concern in this
 area.
 5.2.3 Data from Surface Water Investigations
 The following organic chemicals were detected in surface water
 samples collected in Middle Marsh: PCBs, carbon tetrachloride,
 acetone, benzoic acid, and bis(2-ethylhexyl)phthalate. Of these
 chemicals, maximum detected concentrations for PCBs (filtered) and
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carbon tetrachloride were 0.077 ug/L and 2 ug/L respectively.
 Summary statistics for detected organic chemicals are shown on
 Table 5-4. Since no background surface water samples were able to
 be identified, all organic chemicals measured in surface water were
 considered chemicals of potential concern in this evaluation.
 Summary statistics are not presented for metals in surface water.
 This was based on a consideration of the route of exposure which
 will be evaluated in connection with Middle Marsh surface water,
 i.e., dermal absorption. Because metals are not significantly
 absorbed through the skin, metal concentrations in surface water
 were not evaluated in the human health assessment.
 5.2.4 Summary of Chemicals of Potential Concern
 Table 5-5 presents the chemicals of potential concern in Middle
 Marsh sediment/soil and surface water, and in the Golf
 Course/Wetland Area sediment/soil. Chemicals were eliminated from
 this list if they were within the range of site-specific and
 regional background concentrations shown on Table 5-1. Although
 PAHs measured during the investigation are within concentration
 ranges reported in the literature for soils near highways, they
 were included as chemicals of concern based upon the disposal
 history at Sullivan's Ledge.
 5.2.5 Uncertainties
 The data collected during the investigation went through intensive
 Contract Lab Program validation, and no rejected analytical values
 were used in this risk assessment.
 Some uncertainty exists regarding the identification of
 benzo(b)fluoranthene and benzo(k)fluoranthene. On occasion, the
 analytical method could not distinguish between these two isomers
 and the reported results represented the total concentration of
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TABLE 5-4
 SUMMARY STATISTICS FOR MIDDLE MARSH SURFACE WATER
 Concentration, ug/L
 Chemical (a)
 AcetoneBenzoic acidCarbon tetrachloridebis(2-Ethylhexyl)phthalatePCBs (Aroclor 1254) (b)
 Frequency ofDetection (a)
 2 / 61 / 62 / 61 / 62 / 5
 MeanSampleSize
 61215
 MinimumDetectedValue
 6
 —1
 —0.01
 ArithmeticMean
 5.5
 —1.5
 —0.02
 Upper 95 PercentConfidence Limiton the Arithmetic
 Mean
 6.2
 ———0.06
 MaximumDetectedValue
 722
 4.50.077
 (a) Several metals were measured in surface water. From a human health perspective, chemicals in surface waterwil l be evaluated for dermal absorption. Since the dermal absorption of metals is insignificant, metalconcentrations are not summarized here.
 (b) Represents results for filtered samples only.
 — = Not applicable due to the small sample size or since only one measurable concentration was detected.
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TABLE 5-5
 SUMMARY OF CHEMICALS OF POTENTIAL CONCERN
 MIDDLE MARSH SURFACE SEDIMENT/SOILGOLF COURSE/WETLAND AREASURFACE SEDIMENT/SOIL MIDDLE MARSH SURFACE WATER
 Organics:
 AcenaphtheneAcenaphthyleneAcetoneAnthraceneAroclor-1254Benzo(a)anthraceneBenzo(a)pyreneBenzo(b)fluorantheneBenzo(g,h,i)peryleneBenzo(k)fluoranthene2-ButanoneButylbenzylphthalateChloroformChrysene4.4'-ODD4,4'-DDE4,4'-DDTDi-n-octylphthalateDjbenzo(a,h)anthraceneDibenzofuran1,4-Dichlorobenzenebis<2-Ethylhexyl)phthalateFluorantheneFluoreneIndeno(1,2,3-c,d)pyreneMethylene Chloride4-MethylphenolN-nitrosodiphenylaminePentachlorophenolPhenanthrenePhenolPyreneToluene
 Inorganics:
 CadmiumCopperIronLeadManganeseZinc
 Organics:
 AcetoneAnthraceneAroclor-1254Benzo(a)anthraceneBenzo(a)pyreneBenzo(b)fluorantheneBenzo(k)fluoranthene2-ButanoneButylbenzylphthalateChrysene4.4'-DDDDi-n-butylphthaiatebis(2-Ethylhexyl)phthalateFluorantheneIndeno(1,2,3-c,d)pyreneMethylene Chloride4-MethylphenolPentachlorophenolPhenanthrenePhenolPyreneToluene
 Inorganics:
 CadmiumCopperLead
 Organics:
 AcetoneBenzoic acidCarbon tetrachloridebis(2-E thy IhexyDphtha latePCBs (Aroclor 1254)
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these two compounds. When this occurred, the total concentration
 was divided in half and assigned to each isomer. Some questions
 regarding Aroclor identity also arose. The 26 PCB sediment/soil
 samples from Middle Marsh obtained from the Phase II Remedial
 Investigation (EBASCO 1989) underwent REM III laboratory analysis
 for Aroclor 1254 and 4 samples underwent CLP confirmational
 analysis results for total PCBs. The data from both analyses were
 used, and the CLP results were assumed to represent Aroclor 1254.
 Because of the way in which risk to these chemicals is estimated,
 however, these simplifying assumptions have no outcome on the risk
 assessment results.
 5.3 Toxicity Assessment
 For risk assessment purposes, individual chemicals are separated
 into two categories of chemical toxicity depending on whether they
 exhibit the potential to lead to noncarcinogenic or carcinogenic
 effects. A chemical can be evaluated in one or both of these
 categories depending upon its properties and the extent of
 available toxicological information. This distinction between
 carcinogenic and noncarcinogenic effects relates to the currently
 held scientific opinion that the mechanism of action for each
 category is different. EPA's approach, for the purpose of
 assessing risks associated with potential carcinogens, assumes that
 a small number of molecular events can cause changes in a single
 cell or a small number of cells that can lead to tumor formation
 (EPA 1986a) . This is described as a no-threshold mechanism, since
 it assumes there is essentially no level of exposure (i.e., a
 threshold) to a carcinogen which will not result in some finite
 possibility of causing the disease. In the case of chemicals
 exhibiting noncarcinogenic effects, however, it is believed that
 organisms have protective mechanisms that must be overcome before
 the toxic endpoint is manifested. For example, if a large number
 of cells performs the same or similar function it would be
 necessary for significant damage or depletion of these cells to
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occur before an effect could be seen. This threshold view holds
 that a range of exposures from just above zero to some finite value
 can be tolerated by the organism without appreciable risk of
 causing biological effects.
 Human health effects criteria for carcinogenic and noncarcinogenic
 effects are shown on Table 5-6.
 5.3.1 Human Effects Criteria for Potential Carcinogens
 Cancer slope factors, expressed in units of [mg/kg/day]"1, are the
 toxicological parameters used in combination with chemical intake
 estimates to derive an upperbound excess lifetime cancer risk.
 These slope factors are developed by EPA's Carcinogen Assessment
 Group (CAG) for potentially carcinogenic chemicals from the results
 of human epidemiological studies or chronic animal bioassays. The
 animal studies must usually be conducted using relatively high
 doses in order to detect possible adverse effects. Since humans
 are expected to be exposed at lower doses than those used in the
 animal studies, the data are adjusted by using mathematical models.
 The data from animal studies are typically fitted to the linearized
 multistage model to obtain a dose-response curve. The 95th
 percentile upper confidence limit slope of the dose-response curve
 is subjected to various adjustments and an interspecies scaling
 factor is applied to derive the cancer potency factor for humans.
 Thus, the actual risks associated with exposure to a potential
 carcinogen quantitatively evaluated based on animal data are not
 likely to exceed the risks estimated using these cancer slope
 factors, but they may be much lower. Dose-response data derived
 from human epidemiological studies are fitted to dose-time-response
 curves on an ad hoc basis. These models provide rough, but
 plausible, estimates of the upper limits on lifetime risk. Cancer
 slope factors based on human epidemiological data are also derived
 using very conservative assumptions and, as such, they too are
 unlikely to underestimate risks. Therefore, while the actual risks
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TABLE 5-6
 ORAL HUMAN HEALTH EFFECTS CRITERIA (a)
 Chemical
 ChronicReferenceDose (RfD)(mg/kg/day)
 SafetyFactor (b)
 SlopeFactor
 (mg/kg/day) -1
 USE PAWeight ofEvidence
 Classification (c)
 Organics:
 Acenaphthene 6.0E-02Acenaphthylene 4.0E-03 (g)Acetone 1.0E-01Anthracene 3.0E-01Benzo(a)anthracene —Benzo(a)pyrene —Benzo(b)fluorantheneBenzo(g,h,Operytene 4.0E-03 (g)Benzo(k)fluorantheneBenzoic acid 4.0E+002-Butanone 5.0E-02Butylbenzylphthalate 2.0E-01Carbon tetrachlonde 7.0E-04Chloroform 1.0E-02Chrysene4,4'-DDD4,4'-DDE4,4'-DDT 5.0E-04Dibenzo(a,h)athracene —Dibenzofuran 4.0E-03 (g)1,4-DichlorobenzeneDi-n-butylphthalate 1.0E-01Di-n-octylphthalate 2.0E-02 (f)bis(2-Ethylhexyl)phthalate 2.0E-02Fluoranthene 4.0E-02Fluorene 4.0E-02Ideno(1,2,3-cd)pyreneMethylene chloride 6.0E-024-Methylphenol 5.0E-02N-nitrosodiphenylamine —PCBs 1.0E-04 (d)Pentachlorophenol 3.0E-02Phenanthrene 4.0E-03 (g)Phenol 6.0E-01Pyrene 3.0E-02Toluene 2.0E-01
 Inorganics:
 3,00010,000 <g)1,0003,000
 10,000 (g)
 11,0001,0001,0001,000
 100
 10,000 (g)
 1,0001,000 (f)1,0003,0003,000
 1001,000
 100100
 10,000 (g)100
 3,0001,000
 1.15E+01 (e)1.15E+01 <j>1.15E+01 (e)
 1.15E+01 (e)
 1.3E-016.1E-031.15E+012.4E-013.4E-013.4E-011.15E+01
 (e)
 (e)
 2.42E-02 (f)
 1.4E-02
 1.15E+01 (e)7.5E-03
 4.9E-037.71.2E-01 (f)
 DDD82 (e)8282 (e)D82 (e)DDCB2B2B2 (e)B2B2B282 (e)DC (f)D
 82
 DB2 (e)B2CB2B2C (f)
 0DD
 Cadmium (food)CopperIronLeadManganeseZinc
 1.0E-033.7E-02 (f,h)
 ——1.0E-01
 2.0E-01 (f,l)
 10...
 — —— —110 (f)
 D
 —B20...
 (a) All data are reported in IRIS as of MarcTi 1, 1991, unless otherwise stated.(b) Safety factors are the products of uncertainty factors and modifying factors. Uncertainty factors used to
 develop reference doses generally consist of multiples of 10, with each factor representing a specificof uncertainty in the data available. The standard uncertainty factors including the following:
 - A 10-fold factor to account for the variation in sensitivity among the members of the human population;- A 10-fold factor to account for the uncertainty in extrapolating animal data to the case of humans;- A 10-fold factor to account for uncertainty in extrapolating from less than chronic NOAELs to chronicNOAELs; and
 - A 10-fold factor to account for the uncertainty in extrapolating from LOAELs to NOAELs.Modifying factors are applied at the discretion of the reviewer to cover other uncertainties in the data.
 (c) USEPA weight of evidence classification scheme for carcinogens: A - Human Carcinogen, sufficient evidencefrom human epidemiological studies; B1 -- Probable Human Carcinogen, limited evidence from epidemiologicalstudies and adequate evidence from animal studies; B2 -- Probable Human Carcinogen, inadequate evidencefrom epidemiological studies and adequate evidence from animal studies; C -- Possible Human Carcinogen,limited evidence in animals in the absence of human data; D - Not Classified as to human carcinogenicity;and E -- Evidence of Noncarcinogenicity.
 (d) Derived by Clement International Corporation.(e) Value shown is derived for benzo(a)pyrene.(f) Health Effects Assessment Summary Tables Fourth Quarter, 1990, September.(g) Value shown is derived for naphthalene. Data is from ECAO (1990) toxicity assessment memo.(h) Calculated from drinking water criteria by assuming a 70 kg individual drinks 2 L water per day.(O Under review by CRAVE.(j) EPA 1984. Health Effects Assessment Document for Benzo(a)pyrene.
 5-18

Page 188
						

associated with exposures to potential carcinogens are unlikely to
 be higher than the risks calculated using a cancer potency factor,
 they could be lower.
 EPA also assigns weight-of-evidence classifications to potential
 carcinogens. Under this system, chemicals are classified as either
 Group A, Group Bl, Group B2, Group C, Group D or Group E. Group A
 chemicals (human carcinogens) are agents for which there is
 sufficient evidence to support the causal association between
 exposure to the agents in humans and the development of cancer.
 Group Bl chemicals (probable human carcinogens) are agents for
 which there is limited evidence of carcinogenicity from human
 studies, and animal evidence can range from no data or evidence to
 sufficient evidence of carcinogenicity. Group B2 chemicals
 (probable human carcinogens) are agents for which there is
 inadequate evidence from human studies, but for which there is
 sufficient evidence of carcinogenicity from animal studies. Group
 C chemicals (possible human carcinogens) are agents for which there
 is limited evidence of carcinogenicity in animals, and Group D
 chemicals (not classified as to human carcinogenicity) are agents
 with inadequate human and animal evidence of carcinogenicity or for
 which no data are available. Group E chemicals (evidence of non-
 carcinogenicity in humans) are agents for which there is not
 evidence of carcinogenicity in adequate human or animal studies.
 5.3.2 Health Effects Criteria for Noncarcinogens
 Health criteria for chemicals exhibiting noncarcinogenic effects
 are generally developed using risk reference doses (RfDs) developed
 by the EPA RfD Work Group, or RfDs obtained from Health Effects
 Assessments (HEAs). The RfD, expressed in units of mg/kg/day, is
 an estimate of the daily exposure to the human population
 (including sensitive subpopulations) that is likely to be without
 an appreciable risk of deleterious effects during a lifetime.
 These RfDs are usually derived either from human studies involving
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workplace exposures or from animal studies, and are adjusted using
 uncertainty factors and modifying factors. The uncertainty factors
 consist of multiples of 10, each factor representing a specific
 area of uncertainty inherent in the toxicological data available
 (e.g., variations of sensitivity among humans, uncertainty in
 extrapolation from animals to humans). The RfD provides a
 benchmark to which chemical intakes by other routes (e.g., via
 exposure to contaminated environmental media) may be compared.
 5.3.3 Chemicals with no Health Effects Criteria
 Of the chemicals of potential concern shown on Table 5-6, human
 health effects criteria were not available for lead and iron. These
 chemicals were not quantitatively evaluated in the risk assessment.
 It is not possible to predict at this time how significantly risk
 estimates have been impacted by this lack of information.
 EPA does not use a reference dose to evaluate toxic effects from
 the ingestion of lead. Chronic health effects from lead in
 children have been related to elevated lead concentrations in the
 blood, and EPA is considering the use of the Integrated
 Uptake/Biokinetic Model for estimating blood lead concentrations in
 children from birth to 7 years of age (EPA 1990b).
 The potential for risk associated with adult or older child
 exposure to lead in sediment/soil can be evaluated by comparing the
 measured concentrations to EPA's interim guidance for soil lead
 cleanup levels at Superfund sites (EPA 1989c). This guidance
 implements a soil cleanup level for total lead at 500 to 1,000 ppm
 which is considered to be protective for all receptors in
 residential settings. In addition, the Massachusetts Department of
 Public Health has defined a concentration of 300 mg/kg of lead in
 soil as an imminent hazard, and a concentration of 1,000 mg/kg of
 lead in soil as a dangerous level.
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5.3.4 Uncertainties
 Human health effects criteria are a large source of uncertainty in
 risk assessment in general. There are major uncertainties in
 extrapolating both from animals to humans and from high to low
 doses. There are important species differences in uptake,
 metabolism, and organ distribution of carcinogens, as well as
 species and strain differences in target site susceptibility.
 Human populations are variable with respect to genetic
 constitution, diet, occupational and home environment, activity
 patterns and other cultural factors. In addition, there is
 uncertainty surrounding the use of a surrogate chemical or mixture
 as a representative of the toxicity of a class of chemicals or
 mixtures, e.g. benzo(a)pyrene for PAHs, Aroclor 1260 for all PCB
 mixtures.
 5.4 Exposure Assessment
 The presence of a chemical of potential concern in an environmental
 medium does not mean that exposure to that chemical will occur.
 The purpose of an exposure assessment is to determine the pathways
 or manner in which exposure to a chemical can occur, and to
 quantify the dose or magnitude of exposure which could possibly
 occur. The magnitude of potential exposure was evaluated under
 current land-use conditions, that is, as the site and vicinity
 currently exist with no additional development or zoning changes.
 Potential future-use of the site was also evaluated.
 5.4.1 Identification of Exposure Pathways
 An exposure pathway describes the course a chemical takes from the
 source to the receptor. It is defined by four elements:
 (1) A source and mechanism of chemical release to theenvironment;
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(2) An environmental transport medium (e.g., surface water,sediment/soil) for the released chemical;
 (3) A point of potential exposure with the contaminated medium(referred to as an exposure point); and
 (4) A route of exposure (i.e., absorption, ingestion) at theexposure point.
 An exposure pathway is considered to be "complete" if all of these
 elements are present. A "complete" pathway indicates that exposure
 is likely to occur.
 In this section, potential exposure pathways to residents near
 Middle Marsh and the Golf Course/Wetland Area are described for
 current land-use and possible future land-use conditions.
 Consideration of potential future use of the site is required under
 the NCP. The current land-use exposure assessment considers all
 significant exposure pathways that currently exist at the site,
 while the future land-use assessment considers the exposure
 pathways that may occur in the future.
 Potential Exposure Pathways Under Current Land-Use Conditions.
 Under current land-use conditions, the Middle Marsh and Golf Course
 areas would be expected to be frequented by golfers, maintenance
 workers, and older children who reside in the vicinity of the site.
 These receptors can contact contaminated surface sediment/soil and
 surface water during activities such as golfing, working, and
 playing. Young children within the age group of 1-6 years are not
 expected to explore these areas, since this age group spends most
 of its time in and near the home.
 The most significant exposure pathway for the areas of concern
 involve direct contact with surface sediment/soil. This is because
 surface sediment/soil will most likely be contacted during
 recreational or work activities, and the majority of the chemicals
 of concern were measured at the highest concentrations in surface
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sediment/soil. Direct contact with contaminated sediment/soil
 could result in the intentional or inadvertent ingestion of
 contaminated sediment/soil and may also result in the absorption of
 organic chemicals through the skin (dermal absorption of metals in
 considered to be insignificant and not of concern). While
 maintenance workers may contact subsurface sediment/soil on some
 occasions, consideration of surface sediment/soil with respect to
 these receptors provides a estimate of exposure which will be
 protective. Contact with surface sediment/soil and the incidental
 ingestion and dermal absorption of chemicals of concern are
 considered to be complete pathways in this analysis and will be
 considered for an adult who frequents these areas over a thirty
 year period. An adult is evaluated as a reasonable worst case
 since exposure to this age group over a thirty year period will be
 more significant than exposure to older children over a much
 shorter period (e.g., 10 years or less). In addition, an adult
 maintenance worker is perhaps most likely to contact the areas of
 concern over a thirty year exposure period.
 Dermal contact with surface water in Middle Marsh is also possible
 for individuals who may wish on occasion to retrieve golf balls.
 Organic chemicals dissolved in water may be dermally absorbed with
 such contact, but as in the case of direct contact with
 sediment/soil, the dermal absorption of metals is considered to be
 insignificant. This pathway is considered to be complete for
 organic chemicals present in surface water and was evaluated in
 this analysis.
 Chemicals present in surface sediment/soil may volatilize into the
 atmosphere and golfers, maintenance workers and older children can
 be exposed through inhalation. In general, inhalation exposure to
 chemicals volatilizing from dry surface sediment/soil has been
 found to result in smaller exposures in comparison with incidental
 sediment/soil ingestion since the volatilized chemical is diluted
 by a large volume of air. Inhalation exposure is likely to be
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lower in comparison to incidental ingestion and dermal absorption.
 Although this pathway was considered to be complete, it was not
 evaluated in this analysis.
 In general, the wind-blown dispersion of chemicals adsorbed to
 surface sediment/soil can lead to exposure through the inhalation
 of particulate matter. However, Middle Marsh and the Golf
 Course/Wetland Area, particularly in the vicinity of the measured
 chemicals, are frequently wet and are very densely vegetated.
 These factors would limit the potential for the wind-dispersion of
 surface sediment/soil, and this pathway was not considered
 complete.
 Groundwater in the vicinity of the site has been impacted by
 disposal activities at Sullivan's Ledge, and has been investigated
 and evaluated as part of previous phases of work which EPA has
 performed. As a result of the ROD signed in 1989, groundwater
 monitoring is in place at the site, and deed restrictions will be
 put in place to prevent use of groundwater at the site. As a
 result of the remedies selected for the first operable unit,
 exposure to contaminants in groundwater was not considered to be
 complete and was not considered in this analysis.
 In summary, for this study, most important exposure pathways under
 current land-use conditions for adults frequenting in the study
 area involve the inadvertent ingestion and dermal absorption of
 chemicals on sediment/soil, and these pathways were quantitatively
 evaluated. The dermal absorption of chemicals in Middle Marsh
 surface water was also quantitatively evaluated. Table 5-7
 summarizes the all of the potential exposure pathways relevant to
 the site under current land-use conditions.
 Potential Exposure Pathways Under Future Land-Use conditions.
 According to the NCP (EPA 1990a), the no-action alternative must
 address any changes of land-use associated with the site which may
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result in exposure and risk to the chemicals of concern. According
 to information from the City of New Bedford, the Golf
 Course/Wetland Area is unlikely to be rezoned for residential use
 in the future (Personal" communication by M. Glinski, City of New
 Bedford to J. Downing, EPA Region I, 11/2/90). In addition,
 institutional controls and the nature of the site would limit
 residential development both in the Golf Course/Wetland area and
 Middle Marsh in the future. For this analysis, it therefore was
 assumed that the Golf Course/Wetland Area will remain unchanged in
 the future, and will be frequented to the same extent as under
 current land-use conditions. Based upon direction from EPA Region
 I, it was assumed, however, that Middle Marsh would be dry in the
 future, and that this fact will eliminate potential exposure to
 surface water and result in more frequent visits to this area. The
 major difference, therefore, between the current and future land-
 use pathways evaluated in this risk assessment lies in the
 potential increased use of the Middle Marsh area. The significant
 routes of exposure under future land-use conditions remain direct
 contact with contaminated sediment/soil, which results in
 incidental ingestion or dermal absorption of the chemicals of
 concern. Table 5-8 lists the future land-use pathways which are
 considered to be relevant to the site.
 5.4.2 Quantification of Exposure
 The quantification of exposure to chemicals of concern requires the
 combination of exposure point chemical concentrations with
 assumptions regarding the frequency, duration and magnitude of
 contact. A chronic daily intake (GDI) or daily dose of the
 chemicals of concern can be thus calculated, which is later
 combined with human health effects criteria in order to estimate
 risk. Chronic daily intakes are calculated below for both an
 average and a reasonable maximum case in accordance with guidance
 from EPA (EPA 1989a,b) under both current and future land-use
 conditions.
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Exposure point concentrations for an average case are represented
 by the arithmetic mean concentrations developed and presented in
 Section 5.2.2 of this chapter. Based upon direction from EPA
 Region I, maximum chemical concentrations were used to evaluate the
 maximum case exposure scenarios.
 Estimation of Chemical Intakes Under Current Land-Use Conditions.
 Under current land-use conditions, intakes associated with the
 incidental ingestion and dermal absorption of chemicals in the
 surface sediment/soil of both Middle Marsh and the Golf
 Course/Wetland Areas were estimated. The assumptions associated
 with exposure in each of these areas is detailed below.
 Ingestion of Middle Marsh Sediment/Soil. Under current land-use
 conditions, adults may be exposed to the chemicals of concern
 through the ingestion of sediment/soil. For the adult age group
 considered, surficial sediment/soil may be contacted though
 activities such as golf, other recreational activities or
 maintenance work.
 The exposure parameter values for the pathways involving the
 ingestion of sediment/soil are summarized in Table 5-9. The
 sediment/soil ingestion rates were based on values recommended by
 EPA (1989a,b; 1989d) for adults (100 mg/day) . The body weight
 values for adults (70 kg) are based on data provided by EPA
 (1989a,b). Based upon direction from EPA, the frequency of exposure
 in Middle Marsh was assumed to be 1 day per week, during the months
 of April to October, which resulted in an overall frequency of 28
 days a year. The duration of exposure was assumed to be 30 years,
 as recommended by EPA (1989a,b), based on the 90th percentile value
 for years lived in a current home as calculated from Bureau of
 Census information.
 Ingested chemicals present in a sediment/soil matrix may not be as
 readily absorbed through the gut due to their affinity for
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TABLE 5-9
 EXPOSURE PARAMETERS FOR INGESTION OF SEDIMENT/SOFROM THE MIDDLE MARSH AREA[CURRENT LAND-USE SCENARIO]
 Exposure Parameter (a)
 Adult Residents:
 Frequency of exposure (days/year)Duration of exposure (years)Average body weight overexposure period (kg)
 Ingest ion rate (ing/day)Relative oral absorption factors: (c)
 Chlorinated aliphatics/aromaticsPhthalatesPCBsPAHsAIkyI aromaticsPhenolsChlorinated phenolsChlorinated pesticides (low mobility)Carboxylic acids, KetonesInorganics (except lead)
 28 (b)30
 70100
 1.00.30.3
 0.30.31.01.0
 (a) Exposure parameters provided by EPA Region I.(b) Frequency expected is one day a week, April through October.(c) Based on written and verbal guidance from EPA Region I.
 Relative oral absorption factors account for differences inabsorption of chemicals in a soil matrix in comparison with thematrix in which chemicals were administered in the tox cologicalstudy from which the toxicological criterion was derived.
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sediment/soil particles as chemicals ingested in a solution or diet
 (i.e., the matrices usually administered in experimental studies
 from which cancer slope factors and RfDs are derived). To account
 for the differences in absorption expected between the ingestion of
 chemicals adsorbed onto sediment/soil in comparison with the animal
 study conditions, a relative oral absorption factor was applied to
 the GDI calculation based on Region I guidance (EPA 1989a) . For
 those types of chemicals which were not covered by published
 guidance, a relative oral absorption was assigned to the chemical
 from one of two values recommended by EPA Region I, based on
 consideration of chemical mobility. This assignment was made in
 agreement with EPA Region I.
 Using these exposure parameter values, and the exposure point
 concentrations provided earlier, GDIs were estimated for chemicals
 of concern using the following equation:
 CDI = JCs) (Ab) (IR) (X) (Yr) (Fr)(BW) (Days) (AT)
 where
 CDI = chronic daily chemical intake (mg/kg/day),
 Cs = chemical concentration in sediment/soil (rag/kg),
 Ab = ingestion absorption factor (unitless),
 IR = sediment/soil ingestion rate (ing/day) ,
 X = conversion factor (1 kg/106 ing) ,
 Yr = duration of exposure (years),
 Fr = frequency of exposure (days/year),
 BW = average body weight (kg),
 Days = conversion factor (365 days/year), and
 AT = averaging time (70 years for carcinogens, durationof exposure for noncarcinogens).
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Chronic daily intakes are estimated differently for chemicals
 exhibiting carcinogenic versus noncarcinogenic effects. In the
 former case, exposure is extrapolated over a lifetime while in the
 later case, GDIs are estimated over the actual duration of
 exposure.
 The resulting GDIs for chemicals exhibiting carcinogenic effects
 and chemicals exhibiting noncarcinogenic effects due to the
 ingestion of Middle Marsh surface sediment/soil are summarized in
 Tables 5-10 and 5-11, respectively.
 Dermal Absorption of Chemicals from Middle Marsh Sediment/Soil.
 This scenario evaluates potential exposures through dermal contact
 with chemicals of potential concern in surface sediment/soil by
 adults frequenting Middle Marsh. GDIs for dermal absorption of
 chemicals of potential concern are calculated as follows:
 cni = (Cs)(SCR) (Fr) (Yr) (X) (Ab)(BW) (Days) (AT)
 where
 GDI = chronic daily chemical intake (mg/kg/day);
 Cs = chemical concentration in sediment/soil (mg/kg);
 SCR = contact rate for sediment/soil (mg/day);
 Fr = frequency of exposure events (days/year)
 Yr = duration of exposure (years);
 X = conversion factor (1 kg/106 mg) ;
 Ab = dermal absorption factor (unitless);
 BW = average body weight (kg);
 Days = days in year (365 days/year); and
 AT = averaging time (70 years for carcinogens, duration ofexposure for noncarc'inogens) .
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TABLE 5-10
 EXPOSURE POINT CONCENTRATIONS AND CHRONIC DAILY INTAKESFOR INGESTION OF MIDDLE MARSH SEDIMENT/SOIL
 [CURRENT LAND-USE SCENARIO]
 Chemicals ExhibitingCarcinogenic Effects
 Concentration inSediment/Soi I
 (mg/kg)
 Average MaximumCase (a) Case (b)
 Estimated ChronicDaily Intake (CDI)
 (mg/kg/day)
 Average MaximumCase Case
 Organics:Benzo(a)anthraceneBenzo(a)pyreneBenzo(b)f luorantheneBenzoC k) f I uorantheneChloroformChrysene4,4'-DDD4,4'-DDE4,4'-DDTDibenzo<a,h)anthracene1 ,4-Dichlorobenzenebis(2-Ethylhexyl)phthalateIndeno(1,2,3-cd)pyreneMethylene ChlorideN-nitrosodiphenylaminePCBs (Aroclor 1254)Pent ach I oroph eno I
 0.40.410.660.4
 0.0110.490.110.0740.0920.110.121.3
 0.280.0450.066 (c)8.71.1
 0.850.882.11.1
 0.0221.10.590.210.2050.150.153.50.410.1100.066
 601.2
 1.88E-081.93E-083.10E-081.88E-085.17E-102.30E-081.55E-091.04E-091.30E-095.17E-095.64E-091.83E-081 .32E-082.11E-093.10E-091.23E-071.55E-08
 3.99E-084.13E-089.86E-085.17E-081.03E-095.17E-088.31E-092.96E-092.89E-097.05E-097.05E-094.93E-081.93E-085.17E-093.10E-098.45E-071.69E-08
 (a) Concentration represents the arithmetic mean unless otherwise noted.(b) Concentration represents the maximum measured concentration.(c) Represents the maximum measured concentration. No arithmetic mean could be estimated
 due to sample size.
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TABLE 5-11
 EXPOSURE POINT CONCENTRATIONS AND CHRONIC DAILY INTAKESFOR INGEST ION OF MIDDLE MARSH SEDIMENT/SOIL
 [CURRENT LAND-USE SCENARIO]
 Chemicals ExhibitingNoncarcinogenic Effects
 Concentration inSediment/Soil
 <mg/kg)
 AverageCase (a)
 MaximumCase (b)
 Estimated ChronicDaily Intake (COD
 (mg/kg/day)
 AverageCase
 Max i nunCase
 Organics:Acenaphthene 0.069 0.075Acenaphthylene 0.091 (c) 0.091Acetone 0.068 0.19Anthracene 0.15 0.24Benzo(g,h,i)perylene 0.3 0.52-Butanone 0.015 0.03Butylbenzylphthalate 0.23 0.37Chloroform 0.011 0.0224,4'-DDT 0.092 0.205Dibenzofuran 0.071 (c) 0.071Di-n-octylphthalate 0.14 0.14bis(2-Ethylhexyl)phthalate 1.3 3.5Fluoranthene 0.68 1.4Fluorene 0.086 0.092Methylene Chloride 0.045 0.114-Methylphenol 0.73 2.3PCBs (Aroclor 1254) 8.7 60Pentachlorophenol 1.1 1.2Phenanthrene 0.4 0.83Phenol 0.27 0.35Pyrene 0.7 1.5Toluene 0.0075 0.015
 7.56E-099.97E-097.45E-091.64E-083.29E-081.64E-097.56E-091.21E-093.02E-097.78E-094.60E-094.27E-087.45E-089.42E-094.93E-098.00E-082.86E-073.62E-084.38E-082.96E-087.67E-088.22E-10
 8.22E-099.97E-09.08E-08.63E-08.48E-08.29E-09.22E-08.41E-09
 6.74E-097.78E-094.60E-091.15E-071.53E-071.01E-081.21E-082.52E-071.97E-063.95E-089.10E-083.84E-081.64E-071.64E-09
 Inorganics:CadmiumCopperManganeseZinc
 0.547.0460190
 1.9114
 1,870521
 5.48E-085.15E-065.04E-052.08E-05
 2.08E-071.25E-052.05E-045.71E-05
 (a) Concentration represents the arithmetic mean unless otherwise noted.(b) Concentration represents the maximum measured concentration.(c) Represents the maximum measured concentration. No arithmetic mean could be estimated
 due to sample size.
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The exposure parameters used in thi equation are summarized in
 Table 5-12. In general, the paramet rs describing frequency and
 duration of contact and body weight \rere identical to those used
 for estimating ingestion of Middle Maish sediment/soil. Therefore,
 the frequency of exposure was 28 days per year, the duration of
 exposure was 30 years, and body -./eight of adult golfers or
 maintenance workers was 70 kg. Intakes were based on a
 sediment/soil contact rate (rather than an ingestion rate). The
 sediment/soil contact rate assumed for this assessment was 500
 mg/day and was based on guidance from Region I. This parameter
 represents a sediment/soil deposition rate of 0.5 mg/cm2 and a
 potentially exposed skin surface area of 1,000 cm2 (EPA 1989a).
 Intensive investigation into the amount of chemicals that may be
 absorbed through the skin under conditions normally encountered in
 the environment (and assumed to occur for this assessment) are
 almost completely lacking. For a chemical to be absorbed by the
 skin from sediment/soil, it must be released from the solid matrix,
 pass through the stratum corneum, the epidermis, the dermis, and
 into the systemic circulation. In ccitrast, chemicals absorbed by
 the lung or gastrointestinal tract me / pass through only two cells
 (Klaassen 1986) .
 Exposure due to dermal absorption i: evaluated by estimating the
 fraction of absorption from contactec sediment/soil that may occur
 for the selected chemicals of pote tial concern. There are a
 number of factors which can affect the dermal absorption of a
 compound including the concentration in the applied dose, the site
 of exposure, inter-individual variabj ity, and the vehicle in which
 the chemical is delivered to the skin (e.g., sediment/soil).
 Because of the paucity of experimen" al data on dermal absorption
 from sediment/soil, not all of these parameters can be taken into
 account in estimating dermal abso ption factors. Based upon
 direction from EPA Region I, dermal a sorption factors used for the
 purposes of this assessment were obt ined from Region I guidance
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TABLE 5-12
 EXPOSURE PARAMETERS FOR DERMAL ABSORPTION OF CHEMICALSIN MIDDLE MARSH SEDIMENT/SOIL[CURRENT LAND-USE SCENARIO]
 Exposure Parameter (a)
 Adult Residents:Frequency of exposure (days/year) 28 (b)Duration of exposure (years) 30Average body weight overexposure period (kg) 70
 Sediment/Soil contact rate (mg/day) 500Dermal absorption factors: (c)
 Chlorinated aliphatics/aromatics 0.5Phthalates 0.05PCBs 0.05PAHs 0.05Alkyl aromatics 0.5Phenols 0.5Chlorinated Phenols 0.05Chlorinated pesticides (low mobility) 0.05Carboxylic acids, Ketones 0.5Inorganics (except lead) —
 (a) Exposure parameters provided by EPA Region I.(b) Frequency expected is one day a week, April through October.(c) Based on written and verbal guidance from EPA Region I.
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(EPA 1989a) . However, information was not available for all of the
 chemicals evaluated in this assessment. In this case, a dermal
 absorption factor was assigned one of the two values recommended by
 Region I based upon the physicochemical properties or mobility of
 the chemical. These dermal absorption factors are shown on Table
 5-12 for the chemical classes evaluated in this assessment. This
 assignment was performed by direction from EPA Region I.
 Metals present in inorganic (rather than organometallic) forms are
 poorly absorbed through intact skin during exposures of short
 duration. Thus exposure via dermal absorption is expected to be
 insignificant for metals, and chronic daily intakes via dermal
 absorption are not calculated for these chemicals. This is in
 accordance with Region I guidance (EPA 1989a).
 Chronic daily intakes of the chemicals of potential concern
 absorbed from sediment/soil are summarized on Table 5-13. The GDIs
 are calculated differently for chemicals exhibiting carcinogenic
 and noncarcinogenic effects and are thus shown separately.
 Dermal Absorption of Chemicals from Middle Marsh Surface Water. A
 small number of the chemicals of potential concern were measured in
 Middle Marsh surface water, and therefore, potential exposure to
 these chemicals through dermal absorption was evaluated. The
 exposure parameters used in this equation are summarized on Table
 5-14. For this analysis, it was conservatively assumed that the
 hands of an adult were in contact with surface water over an 8 hour
 day. The exposure frequency of 28 days/year and exposure duration
 of 30 years used in this analysis were identical to the assumptions
 used for exposure to Middle Marsh sediment/soil. In the absence of
 chemical-specific data, a permeability constant for water of
 0.00084 cm/hr was used as recommended by EPA (1989a). Filtered PCB
 surface water measurements were used in the analysis rather than
 unfiltered measurements. This is because the dissolved chemical
 (filtered measurement) will be available for dermal absorption
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TABLE 5-13
 EXPOSURE POINT CONCENTRATIONS AND CHRONIC DAILY INTAKESFOR DERMAL ABSORPTION OF CHEMICALS IN MIDDLE MARSH SEDIMENT/SOIL
 [CURRENT LAND-USE SCENARIO]
 Chemicals ExhibitingCarcinogenic Effects
 Organics:Benzo(a)anthraceneBenzo(a)pyreneBenzo(b)f luorantheneBenzo(k)f luorantheneChloroformChrysene4,4' -ODD4,4'-DDE4,4'-DDTDibenzo( a, h) anthracene1 ,4-Dichlorobenzenebis(2-Ethylhexyl)phthalateIndenod ,2,3-cd)pyreneMethylene ChlorideN-nitrosodiphenylaminePCBs <Aroclor 1254)Pentachlorophenol
 Chemicals ExhibitingNoncarcinogenic Effects
 Organics:AcenaphtheneAcenaphthyleneAcetoneAnthraceneBenzo(g,h, i )perylene2-ButanoneButylbenzylphthalateChloroform4,4'-DDTDibenzofuranDi -n-octylphthalatebis(2-Ethylhexyt)phthalatef luorantheneFluoreneMethylene Chloride4-MethylphenolPCBs (Aroclor 1254)PentachlorophenolPhenanthrenePhenolPyreneToluene
 Concentration inSediment/Soil
 (mg/kg)
 Average MaximumCase (a) Case (b)
 0.4 0.850.41 0.880.66 2.10.4 1.1
 0.011 0.0220.49 1.10.11 0.590.074 0.210.092 0.2050.11 0.150.12 0.151.3 3.5
 0.28 0.410.045 0.1100.066 (c) 0.0668.7 601.1 1.2
 Concentration inSediment/Soil
 (mg/kg)
 Average MaximumCase (a) Case (b)
 0.069 0.0750.091 (c) 0.0910.068 0.190.15 0.240.3 0.5
 0.015 0.030.23 0.37
 0.011 0.0220.092 0.2050.071 (c) 0.0710.14 0.141.3 3.5
 0.68 1.40.086 0.0920.045 0.110.73 2.38.7 601.1 1.20.4 0.83
 0.27 0.350.7 1.5
 0.0075 0.015
 Estimated ChronicDaily Intake (CDI)
 (mg/kg/day)
 Average MaximumCase Case
 4.70E-09 9.98E-094.81E-09 1.03E-087.75E-09 2.47E-084.70E-09 1.29E-081.29E-09 2.58E-095.75E-09 1.29E-081.29E-09 6.93E-098.69E-10 2.47E-091.08E-09 2.41E-091.29E-09 1.76E-091.41E-08 1.76E-081.53E-08 4.11E-083.29E-09 4.81E-095.28E-09 1.29E-087.75E-09 7.75E-091.02E-07 7.05E-071.29E-08 1.41E-08
 Estimated ChronicDaily Intake (CDI)
 (mg/kg/day)
 Average MaximumCase Case
 1.89E-09 2.05E-092.49E-09 2.49E-091.86E-08 5.21E-084.11E-09 6.58E-098.22E-09 1.37E-084.11E-09 8.22E-096.30E-09 1.01E-083.01E-09 6.03E-092.52E-09 5.62E-091.95E-09 1.95E-093.84E-09 3.84E-093.56E-08 9.59E-081.86E-08 3.84E-082.36E-09 2.52E-091.23E-08 3.01E-082.00E-07 6.30E-072.38E-07 1.64E-063.01E-08 3.29E-081.10E-08 2.27E-087.40E-08 9.59E-081.92E-08 4.11E-082.05E-09 4.11E-09
 (a) Concentration represents the arithmetic mean unless otherwise noted.(b) Concentration represents the maximum measured concentration.(c) Represents the maximum measured concentration. No arithmetic mean could be estimated
 due to sample size.
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TABLE 5-14
 EXPOSURE PARAMETERS FOR DERMAL ABSORPTIONFROM SURFACE UATER
 [CURRENT LAND-USE SCENARIO]
 Exposure Parameter (a)
 Adult Residents:Exposure time (hours/day) 8Frequency of exposure (days/year) 28 (b)Duration of exposure (years) 30Skin surface area contacted(cm2) 820 (c)Dermal permeability constant (cm/hr) 0.00084 (d)Average body weight over
 exposure period (kg) 70
 (a) Parameter values provided in RAGS (EPA 1989b).(b) Frequency expected is one day a week, April through October.(c) Area is derived for the hands of an adult male.(d) Value is a constant for water.
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directly from water, while PCBs adsorbed onto suspended sediment
 (unfiltered measurement) will not be absorbed as readily. Metals
 in solution will not be significantly absorbed, and therefore,
 these chemicals not were considered. The chronic daily intakes for
 the organic chemicals of potential concern were estimated as
 follows:
 cnr = (Cw) (CF1) (SA) (PC) (ET) (Fr) (Yr) (CF2)(Bff) (Days) (AT)
 where
 GDI
 Cw
 CF1
 SA
 PC
 ET
 Fr
 Yr
 CF2
 BW
 Days
 AT
 chronic daily chemical intake (mg/kg/day);
 chemical concentration in surface water (ug/1);
 conversion factor (1 mg/1000 ug);
 surface area (cm2);
 dermal permeability constant (cm/hr);
 exposure time (hours/day);
 frequency of exposure (days/year);
 duration of exposure (years);
 conversion factor (1 liter/1000cm3);
 average body weight (kg);
 days in year (365 days/year); and
 averaging time (70 years for carcinogens, durationof exposure for noncarcinogens).
 The chronic daily intakes of chemicals dermally absorbed from
 Middle Marsh surface water are shown on Table 5-15. The GDIs are
 calculated differently for chemicals exhibiting carcinogenic versus
 noncarcinogenic effects and are thus shown separately.
 5-39

Page 209
						

TABLE 5-15
 EXPOSURE POINT CONCENTRATIONS AND CHRONIC DAILY INTAKESFOR DERMAL ABSORPTION FROM SURFACE WATER AT MIDDLE MARSH
 [CURRENT LAND-USE SCENARIO]
 Concentration in Water(ug/L)
 Chemicals ExhibitingCarcinogenic Effects
 AverageCase (a)
 MaximumCase (b)
 Estimated ChronicDaily Intake (GDI)
 (mg/kg/day)
 AverageCase
 MaximumCase
 Organics:Carbon tetrachloridebis(2-Ethylhexyl)phthalatePCBs (Aroclor 1254)
 1.54.5 (c)0.02
 24.5
 0.077
 3.88E-091.16E-085.18E-11
 5.18E-091.16E-081.99E-10
 Concentration in Water(ug/L)
 Estimated ChronicDaily Intake (CDI)
 (mg/kg/day)
 Chemicals ExhibitingNoncarcinogenic Effects
 Organics:AcetoneBenzoic AcidCarbon tetrachloridebis(2-Ethylhexyl)phthalatePCBs (Aroclor 1254)
 AverageCase (a)
 5.52 (c)
 1.54.5 (c)0.02
 MaximumCase (b)
 722
 4.50.077
 AverageCase
 3.32E-081.21E-089.06E-092.72E-081.21E-10
 MaximumCase
 4.23E-081.21E-081.21E-082.72E-084.65E-10
 (a) Concentration represents the arithmetic mean unless otherwise noted.(b) Concentration represents the maximum measured concentration.(c) Represents the maximum measured concentration. No arithmetic mean could be estimated
 due to sample size.
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Ingestion of Golf Course/Wetland Area Sediment /Soil. Golfers and
 maintenance workers may visit the investigated areas where they can
 be exposed to chemicals in surface sediment/soil through incidental
 ingest ion. The exposure parameter values for the pathways
 involving the ingestion of sediment/soil are summarized in Table
 5-16. The parameters involving body weight, ingestion rate,
 relative oral absorption, and duration of exposure are identical to
 those used to assess exposure to Middle Marsh sediment/soil.
 However, based upon direction from EPA Region I, the adult golfers
 or maintenance worker was assumed to visit the area 2 days per week
 during the months of April to October, which results in an overall
 exposure frequency of 56 days per year.
 Using these exposure parameter values, and the exposure point
 concentrations provided earlier, GDIs were estimated for chemicals
 of concern using the following equation:
 CDI =(BW) (Cays) (AT)
 where
 CDI = chronic daily chemical intake (mg/kg/day),
 Cs = chemical concentration in sediment/soil (mg/kg),
 Ab = ingestion absorption factor (unitless),
 IR = sediment/soil ingestion rate (mg/day),
 X = conversion factor (1 kg/106 mg),
 Yr = duration of exposure (years),
 Fr = frequency of exposure (days/year),
 BW = average body weight (kg),
 Days = conversion factor (365 days/year), and
 AT = averaging time (70 years for carcinogens, duration ofexposure for noncarcinogens).
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TABLE 5-16
 EXPOSURE PARAMETERS FOR INGEST ION OFTHE GOLF COURSE/UETLAND AREA SEDIMENT/SOIL
 [CURRENT LAND-USE SCENARIO]
 Exposure Parameter (a)
 Adult Residents:
 Frequency of exposure (days/year) 56 (b)Duration of exposure (years) 30Average body weight overexposure period (kg) 70
 Ingest ion rate (mg/day) 100Relative oral absorption factors: (c)
 Chlorinated aliphatics/aromatics 1.0Phthalates 0.3PCBs 0.3PAHs 1.0Alkyl aromatics 1.0Phenols 1.0Chlorinated phenols 0.3Chlorinated pesticides (low mobility) 0.3Carboxylic acids, Ketones 1.0Inorganics (except lead) 1.0
 (a) Exposure parameters provided by EPA Region I.(b) Frequency expected is two days a week, April through October.(c) Based on written and verbal guidance from EPA Region I.
 Relative oral absorption factors account for differences inabsorption of chemicals in a soil matrix in comparison with thematrix in which chemicals were administered in the lexicologicalstudy from which the lexicological criterion was derived.
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The resulting GDIs from the incidental ingestion of surface
 sediment/soil in the Golf Course/Wetland Area are summarized on
 Table 5-17. The GDIs are calculated differently for chemicals
 exhibiting carcinogenic versus noncarcinogenic effects and are thus
 presented separately.
 Dermal Absorption of Chemicals from the Golf Course/Wetland Area
 Sediment/Soil. This scenario evaluates potential exposures to
 golfers and maintenance workers through dermal contact of chemicals
 of potential concern in surface sediment/soil of the Golf
 Course/Wetland Areas.
 The exposure parameters used in this equation are summarized in
 Table 5-18. These parameters are for the most part identical to
 those used to estimate the dermal absorption of chemicals in Middle
 Marsh sediment/soil. However, based on direction from EPA Region
 I, the frequency of exposure was assumed to be 56 days per year for
 this area. GDIs for dermal absorption of chemicals of potential
 concern were calculated as follows:
 CDI = (Cs)(SCR) (Fr) (Yr) (X) (Ab)(BW) (Days) (AT)
 where
 CDI = chronic daily chemical intake (mg/kg/day);
 Cs = chemical concentration in sediment/soil (rag/kg);
 SCR = contact rate for sediment/soil (ing/day) ;
 Fr = frequency of exposure events (days/year)
 Yr = duration of exposure (years);
 X = conversion factor (kg/106 mg);
 Ab = dermal absorption factor (unitless);
 BW = average body weight (kg);
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TABLE 5-17
 EXPOSURE POINT CONCENTRATIONS AND CHRONIC DAILY INTAKESFOR INGESTION OF THE GOLF COURSE/WETLAND AREA SEDIMENT/SOIL
 [CURRENT LAND-USE SCENARIO]
 Chemicals ExhibitingCarcinogenic Effects
 Organics:Benzo(a) anthraceneBenzo(a)pyreneBenzo(b)f luorantheneBenzo(k)f luorantheneChrysene4,4'-DDDbis(2-Ethylhexyl)phthalateIndenoO ,2,3-cd)pyreneMethylene ChloridePCBs (Aroclor 1254)Pentachlorophenol
 Chemicals ExhibitingNoncarcinogenic Effects
 Organics:AcetoneAnthracene2-ButanoneButylbenzylphthalateDi-n-butylphthalatebis(2-Ethylhexyl )phthalateFluorantheneMethylene Chloride4-MethylphenolPCBs (Aroclor 1254)PentachlorophenolPhenanthrenePhenolPyreneToluene
 Concentration inSediment /Soi I
 (mg/kg>
 Average MaximumCase (a) Case (b)
 0.4 0.880.38 0.880.44 0.880.47 0.880.43 0.880.009 (c) 0.0090.6 1.5
 0.44 0.880.035 (c) 0.0355.8 32.52.1 3.75
 Concentration inSediment/Soil
 <mg/kg)
 Average MaximumCase (a) Case (b)
 0.13 (c) 0.130.49 0.890.03 (c) 0.030.091 (c) 0.0910.46 0.880.6 1.50.42 0.880.035 (c) 0.0350.45 0.555.8 32.52.1 3.75
 0.42 0.880.14 (c) 0.140.42 0.880.015 (c) 0.015
 Estimated ChronicDaily Intake (CDI)
 (ing/kg/day)
 Average MaximumCase Case
 3.76E-08 8.27E-083.57E-08 8.27E-084.13E-08 8.27E-084.41E-08 8.27E-084.04E-08 8.27E-082.54E-10 2.54E-101.69E-08 4.23E-084.13E-08 8.27E-083.29E-09 3.29E-091.63E-07 9.16E-075.92E-08 1.06E-07
 Estimated ChronicDaily Intake (CDI)
 (mg/kg/day)
 Average MaximumCase Case
 2.85E-08 2.85E-081.07E-07 1.95E-076.58E-09 6.58E-095.98E-09 5.98E-093.02E-08 5.79E-083.95E-08 9.86E-089.21E-08 1.93E-077.67E-09 7.67E-099.86E-08 1.21E-073.81E-07 2.14E-061.38E-07 2.47E-079.21E-08 1.93E-073.07E-08 3.07E-089.21E-08 1.93E-073.29E-09 3.29E-09
 Inorganics:CadmiumCopper
 1.220.0
 2.138.8
 2.63E-074.38E-06
 4.60E-078.50E-06
 (a) Concentration represents the arithmetic mean unless otherwise noted.(b) Concentration represents the maximum measured concentration.(c) Represents the maximum measured concentration. No arithmetic mean could be estimated
 due to sample size.
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TABLE 5-18
 EXPOSURE PARAMETERS FOR DERMAL ABSORPTIONFROM GOLF COURSE/WETLAND SEDIMENT/SOIL
 [CURRENT LAND-USE SCENARIO]
 Exposure Parameter (a)
 Adult Residents:Frequency of exposure (days/year) 56 (b)Duration of exposure (years) 30Average body weight overexposure period (kg) 70
 Sediment/Soil contact rate (ing/day) 500Dermal absorption factors: (c)
 Chlorinated aliphatics/aromatics 0.5Phthalates 0.05PCBs 0.05PAHs 0.05Alkyl aromatics 0.5Phenols 0.5Chlorinated phenols 0.05Chlorinated pesticides (low mobility) 0.05Carboxylic acids, Ketones 0.5Inorganics (except lead)
 (a) Exposure parameters provided by EPA Region I.(b) Frequency expected is two days a week, April through October.(c) Based on written and verbal guidance from EPA Region I.
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Days = days in year (365 days/year); and
 AT = averaging time (70 years for carcinogens, duration ofexposure for noncarcinogens).
 Chronic daily intakes of the chemicals of concern dermally absorbed
 from Golf Course/Wetland Area sediment/soil are summarized on
 Tables 5-19. The GDIs are calculated differently for chemicals
 exhibiting carcinogenic versus noncarcinogenic effects and are thus
 presented separately.
 Chronic Daily Intakes Under Future Land-Use Conditions. This
 section will present the chronic daily intakes estimated for the
 future land-use exposure pathways. Exposure to chemicals of
 potential concern in Middle Marsh is considered in this section but
 exposure in the Golf Course/Wetland Area is not discussed since no
 change in usage was assumed based on direction from EPA Region I.
 Although exposure in this area is relevant to future land-use of
 the study area, the magnitude of exposure from this pathway has in
 effect been evaluated under current land-use conditions.
 Ingestion of Chemicals in Sediment/Soil from Middle Marsh. Chronic
 daily intakes of chemicals of concern from the ingestion of
 sediment/soil under future land-use conditions were calculated
 using the same methodology detailed for current land-use
 conditions. As shown on Table 5-20, the same assumptions were, in
 general, also used. However, based on direction from EPA Region I,
 the frequency of exposure in Middle Marsh was increased to 2 days
 per week from the period of April to October, which resulted in an
 overall frequency of 56 days per year.
 Using these exposure parameter values, and the exposure point
 concentrations provided earlier, GDIs were estimated for chemicals
 of concern using the following equation:
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TABLE 5-19
 EXPOSURE POINT CONCENTRATIONS AND CHRONIC DAILY INTAKESFOR DERMAL ABSORPTION OF CHEMICALS IN THE GOLF COURSE/WETLAND AREA SEDIMENT/SOIL
 [CURRENT LAND-USE SCENARIO]
 Chemicals ExhibitingCarcinogenic Effects
 Concentration inSediment/Soil
 (mg/kg)
 Average MaximumCase (a) Case (b)
 Estimated ChronicDaily Intake (CDI)
 (mg/kg/day)
 Average MaximumCase Case
 Organics:Benzo( a )anth raceneBenzo(a)pyreneBenzo(b)f luorantheneBenzo(k)f luorantheneChrysene4,4'-DDDbis(2-Ethylhexyl)phthalateIndeno(1,2,3-cd)pyreneMethylene ChloridePCBs (Aroclor 1254)Pentachlorophenol
 Chemicals ExhibitingNoncarcinogenic Effects
 Organics:AcetoneAnthracene2-ButanoneButylbenzylphthalateDi-n-butylphthalatebis(2-Ethylhexyl)phthalateF luorantheneMethylene Chloride4-MethylphenolPCBs (Aroclor 1254)PentachlorophenolPhenanthrenePhenolPyreneToluene
 0.4 0.880.38 0.880.44 0.880.47 0.880.43 0.880.009 (c) 0.0090.6 1.50.44 0.880.035 (c) 0.0355.8 32.52.1 3.75
 Concentration inSediment/Soil
 (mg/kg)
 Average MaximumCase (a) Case (b)
 0.13 (c) 0.130.49 0.890.03 (c) 0.030.091 (c) 0.0910.46 0.880.6 1.50.42 0.880.035 (c) 0.0350.45 0.555.8 32.52.1 3.750.42 0.880.14 (c) 0.140.42 0.880.015 (c) 0.015
 9.39E-09 2.07E-088.92E-09 2.07E-08.03E-08 2.07E-08.10E-08 2.07E-08.01E-08 2.07E-08
 2.11E-10 2.11E-10.41E-08 3.52E-08.03E-08 2.07E-08
 8.22E-09 8.22E-091.36E-07 7.63E-074.93E-08 8.81E-08
 Estimated ChronicDaily Intake (CDI)
 (mg/kg/day)
 Average MaximumCase Case
 7.12E-08 7.12E-082.68E-08 4.88E-081.64E-08 1.64E-084.99E-09 4.99E-092.52E-08 4.82E-083.29E-08 8.22E-082.30E-08 4.82E-081.92E-08 1.92E-082.47E-07 3.01E-073.18E-07 1.78E-061.15E-07 2.05E-072.30E-08 4.82E-087.67E-08 7.67E-082.30E-08 4.82E-088.22E-09 8.22E-09
 (a) Concentration represents the arithmetic mean unless otherwise noted.(b) Concentration represents the maximum measured concentration.(c) Represents the maximum measured concentration. No arithmetic mean could be estimated
 due to sample size.
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TABLE 5-20
 EXPOSURE PARAMETERS FOR INGESTION OF SEDIMENT/SOILFROM THE MIDDLE MARSH AREA[FUTURE LAND-USE SCENARIO]
 Exposure Parameter (a)
 Adult Residents:
 Frequency of exposure (days/year) 56 (b)Duration of exposure (years) 30Average body weight over
 exposure period (kg) 70Ingest ion rate (mg/day) 100Relative oral absorption factors: (c)
 Chlorinated aliphatics/aromatics 1.0Phthalates 0.3PCBs 0.3PAHs 1.0Alkyl aromatics 1.0Phenols 1.0Chlorinated phenols 0.3Chlorinated pesticides (low mobility) 0.3Carboxylic acids, Ketones 1.0Inorganics (except lead) 1.0
 (a) Exposure parameters provided by EPA Region I.(b) Frequency expected is two days a week, April through October.(c) Based on written and verbal guidance from EPA Region I.
 Relative oral absorption factors account for differences inabsorption of chemicals in a soil matrix in comparison with thematrix in which chemicals were administered in the lexicologicalstudy from which the toxicological criterion was derived.
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CDI _ (Cs) (Ab) (IR) (X) (Yr) (fr)(Bff) (Days) (AT)
 where
 CDI = chronic daily chemical intake (mg/kg/day);
 Cs = chemical concentration in sediment/soil (mg/kg);
 Ab = ingestion absorption factor (unitless);
 IR = sediment/soil ingestion rate (ing/day) ;
 X = conversion factor (1 kg/106 ing) ;
 Yr = duration of exposure (years);
 Fr = frequency of exposure (days/year);
 BW = average body weight (kg);
 Days = conversion factor (365 days/year); and
 AT = averaging time (70 years for carcinogens, duration ofexposure for noncarcinogens).
 The resulting GDIs from the incidental ingestion of surface
 sediment/soil are summarized on Tables 5-21 and 5-22. The GDIs are
 calculated differently for chemicals exhibiting carcinogenic versus
 noncarcinogenic effects, and are thus presented separately.
 Dermal Absorption of Chemicals in Sediment/Soil from Middle Marsh.
 Chronic daily intakes of chemicals of concern due to dermal
 absorption from sediment/soil under future land-use conditions were
 calculated using the same methodology detailed for current land-use
 conditions. The same assumptions were also used, however, based on
 direction from EPA Region I, the frequency of exposure in Middle
 Marsh was increased to 2 days a week during the period of April to
 October, which resulted in an overall frequency of 56 days per
 year. The exposure parameters are shown on Table 5-23.
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TABLE 5-21
 EXPOSURE POINT CONCENTRATIONS AND CHRONIC DAILY INTAKESFOR INGESTION OF MIDDLE MARSH AREA SEDIMENT/SOIL
 [FUTURE LAND-USE SCENARIO]
 Concentration inSediment/Soi I
 Chemicals ExhibitingCarcinogenic Effects
 Organics:Benzo( a )anth raceneBenzo(a)pyreneBenzo(b)f luorantheneBenzoC k ) f I uorantheneChloroformChrysene4,4'-DDD4,4'-DDE4,4'-DDTDibenzo(a,h)anthracene1 ,4-Dichlorobenzenebis(2-Ethylhexyl)phthalateIndeno(1 ,2,3-cd)pyreneMethylene ChlorideN-nitrosodiphenylaminePCBs (Aroclor 1254)Pentachlorophenol
 (mg/kg)
 AverageCase (a)
 0.40.410.660.4
 0.0110.490.110.0740.0920.110.121.30.280.0450.066 (c)8.71.1
 MaximumCase (b)
 0.850.882.11.1
 0.0221.1
 0.590.210.2050.150.153.5
 0.410.1100.066
 601.2
 EstimatedDaily Inta>
 (mg/kg
 AverageCase
 3.76E-083.85E-086.20E-083.76E-081.03E-094.60E-083.10E-092.09E-092.59E-091.03E-081.13E-083.66E-082.63E-084.23E-096.20E-092.45E-073.10E-08
 hronice (CDI)day)
 MaximumCase
 7.98E-088.27E-081.97E-071.03E-072.07E-091.03E-071.66E-085.92E-095.78E-091.41E-081.41E-089.86E-083.85E-081.03E-086.20E-091.69E-063.38E-08
 <a) Concentration represents the arithmetic mean unless otherwise noted.(b) Concentration represents the maximum measured concentration.(c) Represents the maximum measured concentration. No arithmetic mean coulo be estimated
 due to sample size.
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TABLE 5-22
 EXPOSURE POINT CONCENTRATIONS AND CHRONIC DAILY H AKESFOR INGEST ION OF MIDDLE MARSH AREA SEDIMENT/SOI
 [FUTURE LAND-USE SCENARIO]
 Concentration inSediment /So i I
 Chemicals ExhibitingNoncarcinogenic Effects
 Organ ics:AcenaphtheneAcenaphthyleneAcetoneAnthraceneBenzo(g,h, i )perylene2-ButanoneButylbenzylphthalateChloroform4.4'-DDTDibenzofuranDi-n-octylphthalatebis(2-Ethylhexyl)phthalateFluorantheneFluoreneNethylene Chloride4-MethylphenolPCBs (Aroclor 1254)Pent ach I oropheno IPhenanthrenePhenolPyreneToluene
 Inorganics:CadmiumCopperManganeseZinc
 (mg/kg)
 AverageCase (a)
 0.0690.091 (c)0.0680.150.3
 0.0150.230.0110.0920.071 (c)0.141.30.680.0860.0450.738.71.10.40.270.7
 0.0075
 0.547.0460190
 MaximumCase (b)
 0.0750.0910.190.240.50.030.370.0220.2050.0710.143.51.4
 0.0920.112.3601.20.830.351.5
 0.015
 1.9114
 1,870521
 Estim ited ChronicDaily Intake (CDI)
 (i.ig/kg/day)
 Average MaximumCase Case
 1.51E-08 1.64E-081.99E-08 1.99E-081.49E-08 4.16E-083.29E-08 5.26E-086.58E-08 1.10E-073.29E-09 6.58E-091.51E-08 2.43E-082.41E-09 4.82E-096.05E-09 1.35E-081.56E-08 1.56E-089.21E-09 9.21E-098.55E-08 2.30E-071.49E-07 3.07E-071.88E-08 2.02E-089.86E-09 2.41E-081.60E-07 5.04E-075.72E-07 3.95E-067.23E-08 7.89E-088.77E-08 1.82E-075.92E-08 7.67E-081.53E-07 3.29E-071.64E-09 3.29E-09
 1.10E-J7 4.16E-071.03E )5 2.50E-051.01E 14 4.10E-044.16E i5 1.14E-04
 (a) Concentration represents the arithmetic mean unless otherwise notei<b) Concentration represents the maximum measured concentration.(c) Represents the maximum measured concentration. No arithmetic mean ould be estimated
 due to sample size.
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TABLE 5-23
 EXPOSURE PARAMETERS FOR DERMAL ABSORPTION OF CHEMICALSIN MIDDLE MARSH SEDIMENT/SOIL
 [FUTURE LAND-USE SCENARIO]
 Exposure Parameter (a)
 Adult Residents:Frequency of exposure (days/year) 56 (b)Duration of exposure (years) 30Average body weight overexposure period (kg) 70
 Sediment/Soil contact rate (mg/day) 500Dermal absorption factors: (c)
 Chlorinated aliphatics/aromatics 0.5Phthalates 0.05PCBs 0.05PAHs 0.05Alkyl aromatics 0.5Phenols 0.5Chlorinated Phenols 0.05Chlorinated pesticides (low mobility) 0.05Carboxylic acids, Ketones 0.5Inorganics (except lead) —
 (a) Exposure parameters provided by EPA Region I.(b) Frequency expected is two days a week, April through October.(c) Based on written and verbal guidance from EPA Region I.
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GDIs for dermal absorption of chemicals of potential concern are
 calculated as follows:
 CDI = (Cs) (SCR) (Fr) (Yr) (X) (Ab)(Bff) (Days) (AT)
 where
 CDI = chronic daily chemical intake (mg/kg/day);
 Cs = chemical concentration in sediment/soil (mg/kg);
 SCR = contact rate for sediment/soil (mg/day);
 Fr = frequency of exposure (days/year)
 Yr = duration of exposure (years);
 X = conversion factor (kg/106 mg);
 Ab = dermal absorption factor (unitless);
 BW = average body weight (kg);
 Days = days in year (365 days/year); and
 AT = averaging time (70 years for carcinogens, duration ofexposure for noncarcinogens).
 The chronic daily intakes of chemicals of concern dermally absorbed
 from Middle Marsh sediment/soil under future land-use conditions
 are shown on Table 5-24. The GDIs are calculated differently for
 carcinogenic versus noncarcinogenic effects and are thus presented
 separately.
 5.4.3 Uncertainties
 There are several sources of uncertainty in exposure assessment
 which should be recognized. These include the estimation of
 exposure point concentrations, the choice of exposure models used,
 and the selection of input parameters used to estimate exposures.
 There is uncertainty surrounding the estimates of frequency and
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TABLE 5-24
 EXPOSURE POINT CONCENTRATIONS AND CHRONIC DAILY INTAKESFOR DERMAL ABSORPTION OF CHEMICALS IN MIDDLE MARSH SEDIMENT/SOIL
 [FUTURE LAND-USE SCENARIO]
 Chemicals ExhibitingCarcinogenic Effects
 Organics:BenzoC a ) anth raceneBenzo(a)pyreneBenzoC b)f I uorantheneBenzoC k) f I uorantheneChloroformChrysene4, 4' -ODD4, 4' -DDE4,4'-DDTDibenzo(a,h)anth racene1 , 4 - D i ch I orobenzenebis(2-Ethylhexyl)phthalateIndeno(1,2,3-cd)pyreneMethylene ChlorideN-nitrosodiphenylaminePCBs (Aroclor 1254)Pentach I oropheno I
 Chemicals ExhibitingNoncarcinogenic Effects
 Organics:AcenaphtheneAcenaphthyleneAcetoneAnthraceneBenzo(g,h,i)perylene2-ButanoneButylbenzylphthalateChloroform4,4'-DDTDibenzofuranDi-n-octylphthalatebis(2-Ethylhexyl )phthalateFluorantheneFluoreneMethylene Chloride4-MethylphenolPCBs (Aroclor 1254)Pentach lorophenolPhenanthrenePhenolPyreneToluene
 Concentration inSediment/Soi I
 (mg/kg)
 Average MaximumCase (a) Case (b)
 0.4 0.850.41 0.880.66 2.10.4 1.1
 0.011 0.0220.49 1.10.11 0.590.074 0.210.092 0.2050.11 0.150.12 0.151.3 3.5
 0.28 0.410.045 0.1100.066 (c) 0.0668.7 601.1 1.2
 Concentration inSediment/Soi I
 (mg/kg)
 Average MaximumCase (a) Case (b)
 0.069 0.0750.091 (c) 0.0910.068 0.190.15 0.240.3 0.5
 0.015 0.030.23 0.370.011 0.0220.092 0.2050.071 (c) 0.0710.14 0.141.3 3.5
 0.68 1.40.086 0.0920.045 0.110.73 2.38.7 601.1 1.20.4 0.830.27 0.350.7 1.5
 0.0075 0.015
 Estimated ChronicDaily Intake (CDI)
 (mg/kg/day)
 Average MaximumCase Case
 9.39E-09 2.00E-089.63E-09 2.07E-081.55E-08 4.93E-089.39E-09 2.58E-082.58E-09 5.17E-091.15E-08 2.58E-082.58E-09 1.39E-081.74E-09 4.93E-092.16E-09 4.81E-092.58E-09 3.52E-092.82E-08 3.52E-083.05E-08 8.22E-086.58E-09 9.63E-091.06E-08 2.58E-081.55E-08 1.55E-082.04E-07 1.41E-062.58E-08 2.82E-08
 Estimated ChronicDaily Intake (CDI)
 (mg/kg/day)
 Average MaximumCase Case
 3.78E-09 4.11E-094.99E-09 4.99E-093.73E-08 1.04E-078.22E-09 1.32E-081.64E-08 2.74E-088.22E-09 1.64E-081.26E-08 2.03E-086.03E-09 1.21E-085.04E-09 1.12E-083.89E-09 3.89E-097.67E-09 7.67E-097.12E-08 1.92E-073.73E-08 7.67E-084.71E-09 5.04E-092.47E-08 6.03E-084.00E-07 1.26E-064.77E-07 3.29E-066.03E-08 6.58E-082.19E-08 4.55E-081.48E-07 1.92E-073.84E-08 8.22E-084.11E-09 8.22E-09
 (a) Concentration represents the arithmetic mean unless otherwise noted.(b) Concentration represents the maximum measured concentration.(c) Represents the maximum measured concentration. No arithmetic mean could be estimated
 due to sample size.
 5-54

Page 224
						

duration of exposure used in this evaluation. To the extent that
 the patterns of exposure differ from those used in this assessment,
 exposure may be underestimated or overestimated.
 The relative oral and dermal absorption factors used in this
 assessment were recommended values by EPA Region 1. These factors
 were based upon assumptions regarding mobility of the chemical, and
 there is considerable uncertainty surrounding these values. The
 permeability constant used in this evaluation pertains to the
 dermal permeability of water, rather than of the chemicals of
 concern in water. This may result either in an overestimate or
 underestimate of exposure.
 5.5 Risk Characterization
 To quantitatively assess the risks to human health associated with
 each exposure pathway at the Middle Marsh site, chronic daily
 intakes are combined with the appropriate human health effects
 criterion. For exposure to potential carcinogens at low doses,
 the excess upperbound lifetime cancer risk are calculated by
 multiplying the GDI by the cancer slope factor (CSF) as follows:
 Excess Lifetime Cancer Risk = (GDI)*(CSF)
 where
 GDI = chronic daily intake of the chemical (mg/kg/day), and
 CSF = cancer slope factor for the chemical (mg/kg/day)"1.
 EPA has implemented remedial actions under Superfund associated
 with total cancer risks ranging from 10~4 to 10~6 (EPA 1990a). A
 risk level of 10~6 represents the probability of 1 in 1,000,000
 that an individual could develop cancer over a lifetime due to
 exposure to the chemicals of concern at the site. EPA uses a risk
 of 10~6 as a "point of departure" in selecting appropriate clean-up
 levels in the Superfund program. It is important to keep in mind
 that these risk levels are based on conservative upperbound
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assumptions, and are not actuarial risks. These estimates cannot
 be translated directly to actual cancer cases.
 In general, EPA cancer slope factors based on animal data are 95
 percent upper confidence limit values based on the linearized
 multistage model. Thus, the actual risks associated with exposure
 to potential carcinogens such as PCBs and PAHs quantitatively
 evaluated based on animal data are not likely to exceed the risks
 estimated using these cancer slope factors, but may be lower.
 Potential risks for noncarcinogens are presented as the ratio of
 the GDI to the reference dose (CDI:RfD). Ratios that are greater
 than one can indicate the potential for adverse effects to occur
 while ratios less than one indicate that adverse effects are
 unlikely to occur. It is important to note that a CDI:RfD index
 greater than 1 does not necessarily imply an "unacceptable risk".
 This is a consequence of the uncertainty inherent in the derivation
 of the RfD, and the application of uncertainty and modifying
 factors to this parameter.
 In accordance with EPA's guidelines for evaluating the potential
 toxicity of complex mixtures (EPA 1986c), in the absence of
 specific information on the toxicity of the mixture to be assessed
 or on similar mixtures, it will be assumed that the effects of the
 chemicals of concern would be additive. Synergistic or
 antagonistic interactions may be taken into account if there is
 specific information on particular combinations of chemicals. In
 this assessment, lifetime excess cancer risks and the CDI:RfD
 ratios will be summed across chemicals within each pathway to
 indicate the potential risks associated with exposure to mixtures
 of potential carcinogens and noncarcinogens, respectively.
 The sum of all of the CDI:RfD ratios for the chemicals of concern
 is called the hazard index and is calculated as shown below:
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where
 HI = Hazard Index
 CDI.L = Chronic daily intake for chemical i (mg/kg/day) , and
 = Reference dose for chemical i (mg/kg/day) .
 As with the ratio for a specific chemical, a hazard index less than
 one is unlikely to be associated with health risks and is therefore
 less likely to be of regulatory concern than a hazard index greater
 than one. When hazard indices are greater than one, the chemicals
 of concern should be subdivided into categories based on the target
 organ affected by exposure (e.g., liver, kidney, etc.) and
 recalculated in accordance with EPA guidance (EPA 1989b) .
 When risk from the dermal absorption of chemicals is quantified,
 the oral cancer slope factor or reference dose may require
 modification if it was based upon an administered dose rather than
 an absorbed dose. The modification required in this case is the
 absorption efficiency of the chemical under the conditions of the
 study from which the cancer slope factor was derived. For example,
 if the slope factor was derived from an animal study where the
 chemical was administer by gavage, then a factor which represents
 the extent of absorption of the chemical from the gut under such
 conditions should be applied. In other cases, the chemical may
 have been administered during a dietary study. The absorption
 efficiency used in this situation should reflect the conditions of
 a dietary study. It should be noted that this type of absorption
 is different from the relative oral absorption which takes into
 account differences in absorption of a chemical adsorbed on
 sediment/soil versus the vehicle used in the animal study.
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Because most human health effects criteria are based upon
 administered doses to the study animal, the extent of absorption
 under the study conditions is not generally known. In this case,
 application of an absorption factor woul'd • require careful
 consideration of information from the literature. Because
 sufficient information regarding this absorption factor was not
 readily available for the chemicals of concern, an absorption
 efficiency of 100% (a factor of 1.0) was applied to the oral human
 health effects criteria when estimating risk through the route of
 dermal absorption.
 Although there is sufficient evidence that dermal exposure to PAHs
 may result in skin tumors, there is inadequate evidence that dermal
 absorption of PAHs may result in internal cancers (NTP 1989, IARC
 1983). EPA has not developed a method for quantifying dose-
 response in the case of skin cancer resulting from topical
 application. This type of method development is outside of the
 scope of this risk assessment. Due to the lack of a skin cancer
 dose-response factor, EPA has chosen to assume that PAHs will cause
 internal cancers following absorption. That assumption is followed
 in this risk assessment.
 5.5.1 Risks Under Current Land-Use Conditions
 Under current land-use conditions, risks were estimated for the
 incidental ingestion and dermal absorption of chemicals in Middle
 Marsh sediment/soil, the incidental ingestion and dermal absorption
 of chemicals in Golf Course/Wetland Area sediment/soil, and for the
 dermal absorption of chemicals in Middle Marsh surface water.
 These risks and their implications are discussed below.
 Risks Due to the Ingestion of Middle Marsh Sediment/Soil. Risks
 due to the incidental ingestion of Middle Marsh sediment/soil was
 estimated for an adult frequenting the marsh 28 days/year over a 30
 year period.
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Tables 5-25 and 5-26 present the excess upperbound lifetime cancer
 risks and noncancer risks associated with this exposure.
 The excess upperbound lifetime cancer risk from the incidental
 ingestion of Middle Marsh sediment/soil was estimated to be 2xlO~6
 for the average case, and IxlO"5 for the maximum case. These
 cancer risks were associated with contact with PCBs, and
 carcinogenic PAHs such as benzo(a)anthracene, benzo(a)pyrene,
 benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, and
 indeno(l,2,3-c,d)pyrene. For the average case, risks due to
 contacting PCBs were 9xlO~7, and in the maximum case were 7xlO~6.
 The combined risks from all chemicals are greater than EPA's point
 of departure of IxlO"6 for both the average and maximum case.
 The hazard indices associated with the ingestion of sediment/soil
 from Middle Marsh were well below 1.0 for both the average and
 maximum exposure cases. This indicates that adverse
 noncarcinogenic effects from this exposure pathway are not likely
 to occur.
 Risks Due to the Dermal Absorption of Chemicals in Middle Marsh
 Sediment/Soil. Risk due to the dermal absorption of chemicals in
 Middle Marsh sediment/soil was estimated for an adult frequenting
 the marsh 28 days/year over a 30 year period. Table 5-27 presents
 the excess upperbound lifetime cancer risks and noncancer risks
 associated with this exposure.
 The excess upperbound lifetime cancer risk from the dermal
 absorption of chemicals in Middle Marsh sediment/soil was estimated
 to be IxlO"6 for the average case, and 6xlO~6 for the maximum case.
 These cancer risks were associated with contact with PCBs, and
 carcinogenic PAHs such as benzo(a)anthracene, benzo(a)pyrene,
 benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene,
 dibenzo(a,h)anthracene, and indeno(1,2,3-c,d)pyrene. For the
 average case, risk due to contacting PCBs was 8xlO~7, and in the
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TABLE 5-25
 CHRONIC DAILY INTAKES AND CARCINOGENIC RISKS ASSOCIATED WITH INGESTION OF MIDDLE MARSH SEDIMENT/SOIL[CURRENT LAND-USE SCENARIO]
 Chemicals ExhibitingCarcinogenic Effects
 Estimated ChronicDaily Intake (CDI)
 (ing/kg/day)
 Average MaximumCase Case
 Factor (a)(ing/ kg/day)
 EvidenceClass
 Excess UpperBound LifetimeCancer Risk
 Average MaximumCase Case
 Organics:Benzo(a)anthracene 1.88E-08Benzo(a)pyrene 1.93E-08Benzo(b)fluoranthene 3.10E-08Benzo(k)fluoranthene 1.88E-08Chloroform 5.17E-10Chrysene 2.30E-084,4'-ODD 1.55E-094,4'-DDE 1.04E-094,4'-DDT 1.30E-09Dibenzo(a,h)anthracene 5.17E-091,4-Dichlorobenzene 5.64E-09bis(2-Ethylhexyl)phthalate 1.83E-08Indeno(1,2,3-cd)pyrene 1.32E-08Methylene Chloride 2.11E-09N-nitrosodiphenylamine 3.10E-09PCBs (Aroclor 1254) 1.23E-07Pentachlorophenol 1.55E-08
 TOTAL
 3.99E-084.13E-089.86E-085.17E-081.03E-095.17E-088.31E-0996E-0989E-09
 7.05E-0905E-0993E-0893E-0817E-0910E-09
 8.45E-071.69E-08
 15E+0115E+0115E+0115E+0110E-0315E+0140E-0140E-0140E-0115E+0140E-02
 1.40E-0215E+0150E-03
 (b,c)(0(b,c)(b,c)
 (b,c)
 (b,c)(d)
 <b,c)
 4.90E-037.70E+001.20E-01 (d)
 B2B2B2B2B2B2B2B2B2B2CB2B2B2B2B2B2
 2.2E-072.2E-073.6E-072.2E-073.2E-122.6E-073.7E-103.5E-104.4E-105.9E-081.4E-102.6E-101.5E-071.6E-111.5E-119.4E-071.9E-09
 4.6E-074.8E-071.1E-065.9E-076.3E-125.9E-072.0E-091.0E-099.8E-108.1E-081.7E-106.9E-102.2E-073.9E-111.5E-116.5E-062.0E-09
 2E-06 1E-05
 (a) All data are reported in IRIS as of March 1, 1991, unless otherwise stated.Weight of evidence classes are defined as follows:[82] = Probable human carcinogen, adequate evidence from animal studies and inadequate or no evidence from humanstudies. [C] = Possible human carcinogen, limited evidence in animals in the absence of human data.
 (b) Slope factor shown is derived for benzo(a)pyrene.(c) Data from EPA 1984 Health Effects Assessment Document for Benzo(a)pyrene.(d) Data from Health Effects Assessment Summary Tables, Fourth Quarter, 1990, September.
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TABLE 5-26
 CHRONIC DAILY INTAKES AND NONCARCINOGENIC RISKS ASSOCIATED WITH INGEST ION OF MIDDLE HARSH SEDIMENT/SOIL[CURRENT LAND-USE SCENARIO]
 Chemicals ExhibitingNoncarcinogenic Effects
 Organics:AcenaphtheneAcenaphthyleneAcetoneAnthraceneBenzo(g,h, i )perylene2-ButanoneButylbenzylphthalateChloroform4,4'-DDTDibenzofuranDi-n-octylphthalatebis(2-Ethylhexyl)phthalateFluorantheneFluoreneMethylene Chloride4-MethylphenolPCBs (Aroclor 1254)PentachlorophenolPhenanthrenePhenolPyreneToluene
 Inorganics:•CadmiumCopperManganeseZinc
 HAZARD INDEX
 Estimated ChronicDaily Intake (CDI)
 (mg/ kg/day)
 Average MaximumCase Case
 7.56E-09 8.22E-099.97E-09 9.97E-097.45E-09 2.08E-081.64E-08 2.63E-083.29E-08 5.48E-081.64E-09 3.29E-097.56E-09 1.22E-081.21E-09 2.41E-093.02E-09 6.74E-097.78E-09 7.78E-094.60E-09 4.60E-094.27E-08 1.15E-077.45E-08 1.53E-079.42E-09 1.01E-084.93E-09 1.21E-088.00E-08 2.52E-072.86E-07 1.97E-063.62E-08 3.95E-084.38E-08 9.10E-082.96E-08 3.84E-087.67E-08 1.64E-078.22E-10 1.64E-09
 5.48E-08 2.08E-075.15E-06 1.25E-055.04E-05 2.05E-042.08E-05 5.71E-05
 (a) All data are reported in IRIS as of March 1, 1991,(b) Criteria was derived by(c) Data from Health Effects(d) Reference dose shown is
 C I ement .Assessment Summary Tables,
 derived for napthalene.
 Noncarcinogenic RiskReferenceDose
 (RfDXa) Uncertainty(mg/kg/day Factor
 6.0E-02 30004.0E-03 (d,e) 100001.0E-01 10003.0E-01 30004.0E-03 (d,e) 100005.0E-02 10002.0E-01 10001.0E-02 10005.0E-04 1004.0E-03 (d,e) 100002.0E-02 (c) 10002.0E-02 10004.0E-02 30004.0E-02 30006.0E-02 1005.0E-02 10001.0E-04 (b) 1003.0E-02 1004.0E-03 (d,e) 100006.0E-01 1003.0E-02 30002.0E-01 1000
 1.0E-03 103.7E-02 (c,f) ---1.0E-01 12.0E-01 (c) 10
 unless otherwise stated.
 Fourth Quarter, 1990, September.
 (CDI
 AverageCase
 1.26E-072.49E-067.45E-085.48E-088.22E-063.29E-083.78E-081.21E-076.05E-061.95E-062.30E-072.14E-061.86E-062.36E-078.22E-081.60E-062.86E-031.21E-061.10E-054.93E-082.56E-064.11E-09
 5.48E-051.39E-045.04E-041.04E-04
 3.7E-03
 :RfD)
 MaximumCase
 1.37E-072.49E-062.08E-078.77E-081.37E-056.58E-086.08E-082.41E-071.35E-051.95E-062.30E-075.75E-063.84E-062.52E-072.01E-075.04E-061.97E-021.32E-062.27E-056.39E-085.48E-068.22E-09
 2.08E-043.38E-042.05E-032.85E-04
 2.3E-02
 (e) Data from ECAO (1990) toxicity assessment memo.(f) Calculated from drinking water criteria.
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TABLE 5-27
 CHRONIC DAILY INTAKES AND RISKS ASSOCIATED WITH DERMAL ABSORPTION OF CHEMICALS IN MIDDLE MARSH SEDIMENT/SOIL[CURRENT LAND-USE SCENARIO]
 Estimated ChronicDaily Intake (CDI)
 (ing/kg/day)Cl /NP<IA LJAinK4> fil— ......... slope weight o*
 Chemicals Exhibiting Average Maximum Factor (a) EvidenceCarcinogenic Effects Case Case (mg/kg/day) Class
 Orgamcs:Benzo(a)anthracene 4.70E-09 9.98E-09 1.15E+01 (b,c) B2Benzo(a)pyrene 4.81E-09 1.03E-08 1.15E+01 (c) B2Benzo<b)f luoranthene 7.75E-09 2.47E-08 1.15E+01 (b,c) B2Benzo(k)f luoranthene 4.70E-09 1.29E-08 1.15E+01 (b,c) B2Chloroform 1.29E-09 2.58E-09 6.10E-03 B2Chrysene 5.75E-09 1.29E-08 1.15E+01 (b,c) B24,4'-DDD 1.29E-09 6.93E-09 2.40E-01 824,4'-DDE 8.69E-10 2.47E-09 3.40E-01 B24, 4' -DDT 1.08E-09 2.41E-09 3.40E-01 B2Dibenzo(a,h)anthracene 1.29E-09 1.76E-09 1.15E+01 <b,c) B21,4-Dichlorobenzene 1.41E-08 1.76E-08 2.40E-02 (d) Cbis(2-Ethylhexyl)phthalate 1.53E-08 4.11E-08 1.40E-02 B2Indeno<1,2,3-cd)pyrene 3.29E-09 4.81E-09 1.15E+01 (b,c) B2Methylene Chloride 5.28E-09 1.29E-08 7.50E-03 B2N-mtrosodiphenylamme 7.75E-09 7.75E-09 4.90E-03 B2PCBs (Aroclor 1254) 1.02E-07 7.05E-07 7.70E+00 B2Pentachlorophenol 1.29E-08 1.41E-08 1.20E-01 (d) B2
 TOTAL
 Estimated ChronicDaily Intake (CDI)
 (mg/kg/day) Reference
 Chemicals Exhibiting Average Maximum (RfDXa) UncertaintyNoncarcmogemc Effects Case Case (mg/kg/day Factor
 Organ] cs:Acenaphthene 1.89E-09 2.05E-09 6.0E-02 3000Acenaphthylene 2.49E-09 2.49E-09 4.0E-03 (e,f) 10000Acetone 1.86E-08 5.21E-08 1.0E-01 1000Anthracene 4.11E-09 6.58E-09 3.0E-01 3000Benzo(g,h,i)perylene 8.22E-09 1.37E-08 4.0E-03 (e,f) 100002-Butanone 4.11E-09 8.22E-09 5.0E-02 1000Butylbenzytphthalate 6.30E-09 1.01E-08 2.0E-01 1000Chloroform 3.01E-09 6.03E-09 1.0E-02 10004,4'-DDT 2.52E 09 5.62E-09 5.0E-04 100Dibenzofuran 1.95E-09 1.95E-09 4.0E-03 (e,f) 10000Di-n-octylphthalate 3.84E-09 3 84E-09 2.0E-02 (d) 1000bts(2-Ethylhexyl)phthalate 3.56E-08 9.59E-08 2.0E-02 1000Fluoranthene 1.86E-08 3.84E-08 4.0E-02 3000Fluorene 2.36E-09 2.52E-09 4.0E-02 3000Methylene Chloride 1.23E-08 3.01E-08 6.0E-02 1004-Methylphenol 2.00E-07 6.30E-07 5.0E-02 1000PCBs (Aroclor 1254) 2.38E-07 1.64E-06 1.0E-04 (g) 100Pentachlorophenol 3.01E-08 3.29E-08 3.0E-02 100Phenanthrene 1.10E-08 2.27E-08 4.0E-03 (e,f) 10000Phenol 7.40E-08 9.59E-08 6.0E-01 100Pyrene 1.92E-08 4 11E-08 3.0E-02 3000Toluene 2.05E 09 4.11E-09 2.0E-01 1000
 HAZARD INDEX
 (a) All data are reported in IRIS as of March 1, 1991, unless otherwise stated.Weight of evidence classes are defined as follows:[B2] = Probable human carcinogen, adequate evidence from animal studies and inadequatestudies. [C] = Possible human carcinogen, limited evidence in animals in the absence of
 (b) Slope factor shown is derived for benzo(a)pyrene.(c) Data from EPA 1984 Health Effects Assessment Document for Benzo(a)pyrene.(d) Data from Health Effects Assessment Summary Tables, Fourth Quarter, 1990, September.(e) Reference dose shown is derived for napthalene.(f) Data from ECAO (1990) toxicity assessment memo.(g) Criteria was derived by Clement.
 5-62
 Excess UpperBound LifetimeCancer Risk
 Average MaximumCase Case
 5.4E-08 1.1E-075.5E-08 1.2E-078.9E-08 2.8E-075.4E-08 1.5E-077.9E-12 1.6E-116.6E-08 1.5E-073.1E-10 1.7E-093.0E-10 8.4E-103.7E-10 8.2E-101.5E-08 2.0E-083.4E-10 4.2E-102.1E-10 5.8E-103.8E-08 5.5E-084.0E-11 9.7E-113.8E-11 3.8E-117.9E-07 5.4E-061.5E-09 1.7E-09
 1E-06 6E-06
 Noncarcinogenic Risk(CDI:RfD)
 Average MaximumCase Case
 3.15E-08 3.42E-086.23E-07 6.23E-071.86E-07 5.21E-071.37E-08 2.19E-082.05E-06 3.42E-068.22E-08 1.64E-073.15E-08 5.07E-083.01E-07 6.03E-075.04E-06 1.12E-054.86E-07 4.86E-071.92E-07 1.92E-071.78E-06 4.79E-064 66E-07 9.59E-075.89E-08 6.30E-082.05E-07 5.02E-074.00E-06 1 26E-052.38E-03 1.64E-021.00E-06 1.10E-062.74E-06 5.68E-061.23E-07 1.60E 076.39E-07 1.37E-061.03E-08 2.05E-08
 2.4E-03 1.6E-02
 or no evidence from humanhuman data
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maximum case was 5x10 6. The combined risks from all chemicals are
 greater than EPA's point of departure of IxlO"6 for the maximum
 case, and equal to EPA's point of departure for the average case.
 The hazard indices associated with the dermal absorption of
 chemicals in Middle Marsh sediment/soil were much less than 1.0 for
 both the average and maximum exposure cases. This indicates that
 adverse noncarcinogenic effects from this exposure pathway are not
 likely to occur.
 Risks Due to the Dermal Absorption of Chemicals in Middle Marsh
 Surface Water. Risk due to the dermal absorption of chemicals in
 Middle Marsh surface water was estimated for an adult contacting
 marsh surface water 28 days/year, eight hours/day over a 30 year
 period. Table 5-28 presents the excess upperbound lifetime cancer
 risks and noncancer risks associated with this exposure.
 The excess upperbound lifetime cancer risk from the dermal
 absorption of chemicals in Middle Marsh surface water was estimated
 to be IxlO"9 for the average case, and 2xlO~9 for the maximum case.
 Risks due to contacting PCBs were 4xlO~10 in the average case, and
 2xlO~9 in the maximum case. The combined risks from all chemicals
 are well below EPA's point of departure risk of IxlO"6 for both the
 average and maximum case.
 The hazard indices associated with the dermal absorption of
 chemicals in Middle Marsh surface water were far below 1.0 for both
 the average and maximum exposure cases. This indicates that
 adverse noncarcinogenic effects from this exposure pathway are not
 likely to occur.
 Risks Due to the Ingestion of the Golf Course/Wetland Area
 Sediment/Soil. Risks due to the incidental ingestion of Golf
 Course/Wetland Area sediment/soil were estimated for an adult
 frequenting the area 56 days/year over a 30 year period.
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TABLE 5-28
 CHRONIC DAILY INTAKES AND RISKS ASSOCIATED WITH DERMAL ABSORPTION OF CHEMICALS IN MIDDLE HARSH SURFACE WATER[CURRENT LAND-USE SCENARIO]
 Chemicals ExhibitingCarcinogenic Effects
 Estimated ChronicDaily Intake (CDI)
 (mg/kg/day)
 AverageCase
 MaximumCase
 SlopeFactor (a)(mg/kg/day)
 Weight ofEvidence
 Class
 Excess UpperBound LifetimeCancer Risk
 AverageCase
 MaximumCase
 Organics:Carbon tetrachloride 3.88E-09 5.18E-09 1.30E-01bis<2-Ethylhexyl)phthalate 1.16E-08 1.16E-08 1.40E-02PCBs (Aroclor 1254) 5.18E-11 1.99E-10 7.70E+00
 TOTAL
 B2B282
 5.0E-101.6E-104.0E-10
 1E-09
 6.7E-101.6E-101.5E-09
 2E-09
 Chemicals ExhibitingNoncarcinogenic Effects
 Estimated ChronicDaily Intake (CDI)
 (mg/kg/day)
 Average MaximumCase Case
 Reference
 (RfDXa)(mg/kg/day
 UncertaintyFactor
 Noncarcinogenic Risk(CDI:RfD)
 Average MaximumCase Case
 Organics:Acetone 3.32E-08 4.23E-08 1.0E-01 1000Benzoic Acid 1.21E-08 1.21E-08 4.0E+00 1Carbon tetrachloride 9.06E-09 1.21E-08 7.0E-04 1000bis(2-Ethylhexyl)phthalate 2.72E-08 2.72E-08 2.0E-02 1000PCBs (Aroclor 1254) 1.21E-10 4.65E-10 1.0E-04 (b> 100
 HAZARD INDEX
 3.32E-07 4.23E-073.02E-091.29E-051.36E-061.21E-06
 3.02E-091.73E-051.36E-064.65E-06
 1.6E-05 2.4E-05
 (a) All data are reported in IRIS as of March 1, 1991, unless otherwise stated.(b) Criteria was derived by Clement.
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Table 5-29 presents the excess upperbound lifetime cancer risks and
 noncancer risks associated with this exposure.
 The excess upperbound lifetime cancer risks from the incidental
 ingestion of Golf Course/Wetland Area sediment/soil were estimated
 to be 4xlO~6 for the average case, and IxlO"5 for the maximum case.
 These cancer risks were associated with contact with PCBs, and
 carcinogenic PAHs such as benzo(a)anthracene, benzo(a)pyrene,
 benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, and
 indeno(l,2,3-c,d)pyrene. For the average case, risk due to
 contacting PCBs were IxlO"6, and in the maximum case were 7xlO~6.
 The combined risks from all chemicals are greater than EPA's point
 of departure of IxlO"6 for both the average and maximum case.
 The hazard indices associated with the ingestion of sediment/soil
 from Middle Marsh were much less than 1.0 for both the average and
 maximum exposure cases. This indicates that adverse
 noncarcinogenic effects from this exposure pathway are not likely
 to occur.
 Risks Due to the Dermal Absorption of Chemicals in Golf
 Course/Wetland Area Sediment/Soil. Risk due to the dermal
 absorption of chemicals in Golf Course/Wetland Area sediment/soil
 was estimated for an adult frequenting the area 56 days/year over
 a 30 year period. Table 5-30 presents the excess upperbound
 lifetime cancer risks and noncancer risks associated with this
 exposure.
 The excess upperbound lifetime cancer risks from the dermal
 absorption of chemicals in Middle Marsh sediment/soil were
 estimated to be 2xlO~6 for the average case, and 7xlO~5 for the
 maximum case. These cancer risks were associated with contact with
 PCBs, and carcinogenic PAHs such as benzo(a)anthracene,
 benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene,
 chrysene, and indeno(l,2,3-c,d)pyrene. For the average case, risk
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TABLE 5-29
 CHRONIC DAILY INTAKES AND RISKS ASSOCIATED WITH INGESTION OF GOLF COURSE/WETLAND AREA SEDIMENT/SOIL[CURRENT LAND-USE SCENARIO]
 Chemicals ExhibitingCarcinogenic Effects
 Estimated ChronicDaily Intake (CDI)
 <mg/kg/day)
 Average MaximumCase Case
 Factor (a)(nig/kg/day)
 EvidenceClass
 Excess UpperBound LifetimeCancer Risk
 Average MaximumCase Case
 Organics:Benzo(a)anthracene 3.76E-08 8.27E-08Benzo(a)pyrene 3.57E-08 8.27E-08Benzo(b)fluoranthene 4.13E-08 8.27E-08Benzo(k)fluoranthene 4.41E-08 8.27E-08Chrysene 4.04E-08 8.27E-084,4'-DDD 2.54E-10 2.54E-10bis(2-Ethylhexyl)phthalate 1.69E-08 4.23E-08lndeno(1.2.3-cd)pyrene 4.13E-08 8.27E-08Methylene Chloride 3.29E-09 3.29E-09PCBs (Aroclor 1254) 1.63E-07 9.16E-07Pentachlorophenol 5.92E-08 1.06E-07
 TOTAL
 1.15E+011
 (b,c)Cc)(b,c)
 15E+011.15E+011.15E+01 (b,c)1.15E+01 (b,c)2.40E-011.40E-021.15E+01 (b,c)7.50E-037.70E+001.20E-01 <d>
 B282B2B2B2B2B2B2B2B2B2
 4.3E-074.1E-074.8E-075.1E-074.6E-076.1E-112.4E-104.8E-072.5E-111.3E-067.1E-09
 9.5E-079.5E-079.5E-079.5E-079.5E-076.1E-115.9E-109.5E-072.5E-117.1E-061.3E-08
 4E-06 1E-05
 Estimated ChronicDaily Intake (CDI)
 Organics:Acetone 2.85E-08 2.85E-08Anthracene 1.07E-07 1.95E-072-Butanone 6.58E-09 6.58E-09Butylbenzylphthalate 5.98E-09 5.98E-09Di-n-butylphthai ate 3.02E-08 5.79E-08bis(2-Ethylhexyl)phthalate 3.95E-08 9.86E-08Fluoranthene 9.21E-08 1.93E-07Methylene Chloride 7.67E-09 7.67E-094-Methylphenol 9.86E-08 1.21E-07PCBs (Aroclor 1254) 3.81E-07 2.14E-06Pentachlorophenol 1.38E-07 2.47E-07Phenanthrene 9.21E-08 1.93E-07Phenol 3.07E-08 3.07E-08Pyrene 9.21E-08 1.93E-07Toluene 3.29E-09 3.29E-09
 Inorganics:.Cadmium 2.63E-07 4.60E-07Copper 4.38E-06 8.50E-06
 HAZARD INDEX
 1.0E-3.0E-5.0E-2.0E-1.0E-2.0E-4.0E-6.0E'5.0E-1.0E-3.0E-4.0E-6.0E-3.0E-2.0E-
 01010201010202020204 (e)0203 (f,010201
 10003000100010001000100030001001000100100
 g) 1000010030001000
 1.0E-03 103.7E-02 (d,h) ---
 Noncarcinogem'c Risk(mg/kg/day)
 Chemicals ExhibitingNoncarcinogenic Effects
 AverageCase
 MaximumCase
 ReferenceDose
 <RfD)(a)(mg/kg/day
 UncertaintyFactor
 (CDI
 AverageCase
 :RfD)
 MaximumCase
 2.85E-073.58E-071.32E-072.99E-083.02E-071.97E-062.30E-061.28E-071.97E-063.81E-034.60E-062.30E-05
 11E-0807E-06
 1.64E-08
 2.63E-041.18E-04
 2.85E-076.50E-071.32E-072.99E-085.79E-074.93E-064.82E-061.28E-072.41E-062.14E-028.22E-064.82E-055.11E-086.43E-061.64E-08
 4.60E-042.30E-04
 4.2E-03 2.2E-02
 (a) All data are reported in IRIS as of March 1, 1991, unless otherwise stated.Weight of evidence classes are defined as follows:[B2] = Probable human carcinogen, adequate evidence from animal studies and inadequate or no evidence from humanstudies.
 (b) Slope factor shown is derived for benzo(a)pyrene.(c) Data from EPA 1984 Health Effects Assessment Document for Benzo(a)pyrene.(d) Data from Health Effects Assessment Summary Tables, Fourth Quarter, 1990, September.(e) Criteria was derived by Clement.(f) Reference dose shown is derived for napthalene.(g) Data from ECAO (1990) toxicity assessment memo,(h) Calculated from drinking water criteria.
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TABLE 5-30
 CHRONIC DAILY INTAKES AND RISKS ASSOCIATED WITH DERMAL ABSORPTION OF CHEMICALSIN GOLF COURSE/WETLAND AREA SEDIMENT/SOIL
 [CURRENT LAND-USE SCENARIO]
 Chemicals ExhibitingCarcinogenic Effects
 Estimated ChronicDaily Intake <CDI)
 (mg/kg/day)
 Average MaximumCase Case
 Factor (a)(mg/kg/day)
 EvidenceClass
 Excess UpperBound LifetimeCancer Risk
 Average MaximumCase Case
 Organics:BenzoCa)anthracene8enzo(a)pyreneBenzo(b)fluorantheneBenzo(k)fluorantheneChrysene4,4'-ODDbis(2-Ethylhexyl)phthalateIndeno<1,2,3-cd)pyreneMethylene ChloridePCBs (Aroclor 1254)Pentachlorophenol
 TOTAL
 9.39E-098.92E-091.03E-081.10E-081.01E-082.11E-101.41E-081.03E-088.22E-091.36E-074.93E-08
 .07E-08
 .07E-08
 .07E-08
 .07E-08
 .07E-08
 .11E-10
 .52E-08
 .07E-088.22E-097.63E-078.81E-08
 1.15E+011.15E+011.15E+011.15E+011.15E+012.40E-011.40E-021.15E+017.50E-037.70E+001.20E-01
 (b)(b,c)(b.c)(b,c)(b,c)
 Cb.c)
 (d)
 B2B2B2B2B2B2B2B2B2B2B2
 1.1E-071.0E-071.2E-071.3E-071.2E-075.1E-112.0E-101.2E-076.2E-111.0E-065.9E-09
 2.4E-072.4E-072.4E-072.4E-072.4E-075.1E-114.9E-102.4E-076.2E-115.9E-061.1E-08
 2E-06 7E-06
 Estimated ChronicDaily Intake (CDI)
 Organics:Acetone 7.12E-08 7.12E-08Anthracene 2.68E-08 4.88E-082-Butanone 1.64E-08 1.64E-08Butylbenzylphthalate 4.99E-09 4.99E-09Di-n-butylphthalate 2.52E-08 4.82E-08bis(2-Ethylhexyl)phthalate 3.29E-08 8.22E-08Fluoranthene 2.30E-08 4.82E-08Methylene Chloride 1.92E-08 1.92E-084-Methyl phenol 2.47E-07 3.01E-07PCBs (Aroclor 1254) 3.18E-07 1.78E-06Pentachlorophenol 1.15E-07 2.05E-07Phenanthrene 2.30E-08 4.82E-08Phenol 7.67E-08 7.67E-08Pyrene 2.30E-08 4.82E-08Toluene 8.22E-09 8.22E-09
 HAZARD INDEX
 .OE-01
 .OE-01
 .OE-02
 .OE-01
 .OE-01
 .OE-024.OE-026.OE-025.OE-021.0E-043.OE-024.0E-036.OE-013.OE-022.OE-01
 (e)
 (f,g)
 100030001000100010001000300010010001001001000010030001000
 Noncarcinogenic Risk(mg/kg/day)
 Chemicals ExhibitingNoncarcinogenic Effects
 AverageCase
 MaximumCase
 ReferenceDose
 (RfDXa)(mg/kg/day
 UncertaintyFactor
 (CDI
 AverageCase
 :RfD)
 MaximumCase
 7.12E-078.95E-083.29E-072.49E-082.52E-071.64E-065.75E-073.20E-074.93E-063.18E-033.84E-065.75E-061.28E-077.67E-074.11E-08
 7.12E-071.63E-073.29E-072.49E-084.82E-074.11E-061.21E-063.20E-076.03E-061.78E-026.85E-061.21E-051.28E-071.61E-064.11E-08
 3.2E-03 1.8E-02
 (a) All data are reported in IRIS as of March 1,1991, unless otherwise stated.Weight of evidence classes are defined as follows:[B2] = Probable human carcinogen, adequate evidence from animal studies, inadequate or no evidence from humanstudies.
 (b) Slope factor shown is derived for benzo(a)pyrene.(c) Data from EPA 1984 Health Effects Assessment Document for Benzo(a)pyrene.(d) Data from Health Effects Assessment Summary Tables, Fourth Quarter, 1990, September.(e) Criteria was derived by Clement.(f) Reference dose shown is derived for napthalene.(g) Data from ECAO (1990) toxicity assessment memo.
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due to contacting PCBs were 1x10 6, and in the maximum case was
 6xlO~6. Combined risks from all chemicals are greater than EPA's
 point of departure of IxlO"6 for both the average and maximum case.
 The hazard indices associated with the dermal absorption of
 chemicals in Middle Marsh sediment/soil were much less than 1.0 for
 both the average and maximum exposure cases. This indicates that
 adverse noncarcinogenic effects from this exposure pathway are not
 likely to occur.
 Total Risks Associated with Current Land-Use Conditions. Table
 5-31 summarizes the risks associated with current land-use
 conditions. Exposure and risks through the incidental ingestion of
 sediment/soil from the two areas of concern, Middle Marsh and the
 Golf Course/Wetland Area, were considered. Exposure and risk
 through the dermal absorption of chemicals adsorbed onto Middle
 Marsh and the Golf Course/Wetland Areas sediment/soil, and
 chemicals in Middle Marsh surface water were also estimated.
 Because of the frequency of detection of PCBs at the site, the
 summary risk table presents risks by pathway and area for all of
 the chemicals and for PCBs alone. As can be seen from the
 summarized results, PCBs do not account for all of the risk present
 in the two evaluated areas. Carcinogenic PAHs also contribute to
 the overall risk calculated under the defined exposure conditions.
 The excess upperbound lifetime cancer risk was greatest for
 pathways involving the incidental ingestion of surface
 sediment/soil for both of the areas under consideration. The
 pathway of least significance involved the dermal absorption of
 chemicals in surface water. Under current land-use conditions,
 contact with the Golf Course/Wetland Area sediment/soil presented
 a slightly higher risk for the average case exposure due to the
 greater frequency of contact assumed for this area. For the
 maximum case, the combined excess upperbound lifetime cancer risks
 for the Golf Course/Wetland Area and Middle Marsh were equal. For
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TABLE 5-31
 TOTAL RISKS ASSOCIATED WITH CURRENT LAND-USE
 Area/Pathway
 Middle Marsh:Ingestion of Sediment/Soil
 Dermal Absorption FromSediment/Soil
 Dermal AbsorptionFrom Surface Water
 Total Cancer Risk
 Golf Course/Wetland Area:Ingestion of Sediment/Soil
 Dermal AbsorptionFrom Sediment/Soil
 Total Cancer Risk
 Cancer RiskDue to All Chemicals
 Average Maximum
 2.4E-06 1.0E-05
 1.2E-06 6.3E-06
 1.1E-09 2.4E-09
 4E-06 2E-05
 4.0E-06 1.3E-05
 1.7E-06 7.3E-06
 6E-06 2E-05
 CancerDue to
 Average
 9.4E-07
 7.9E-07
 4.0E-10
 2E-06
 1.3E-06
 1.0E-06
 2E-06
 RiskPCBs
 Maximum
 6.5E-06
 5.4E-06
 1.5E-09
 1E-05
 7.1E-06
 5.9E-06
 1E-05
 Area/Pathway
 Middle Marsh:Ingestion of Sediment/Soil
 Dermal Absorption FromSediment/Soi I
 Dermal AbsorptionFrom Surface Water
 Total Hazard Index
 Golf Course/Wetland Area:Ingestion of Sediment/Soil
 Dermal AbsorptionFrom Sediment/Soil
 Total Hazard Index
 Noncarcinogenic RiskDue to All Chemicals
 Average Maximum
 3.7E-03 2.3E-02
 2.4E-03 1.6E-02
 1.6E-05 2.4E-05
 < 1 < 1
 4.2E-03 2.2E-02
 3.2E-03 1.8E-02
 < 1 < 1
 Noncarcinogenic RiskDue to PCBs
 Average
 2.9E-03
 2.4E-03
 1.2E-06
 < 1
 3.8E-03
 3.2E-03
 < 1
 Maximum
 2.0E-02
 1.6E-02
 4.6E-06
 < 1
 2.1E-02
 1.8E-02
 < 1
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both, the maximum risk was 2x10 5 due to the presence of PCBs and
 PAHs and IxlO"5 due to presence of PCBs alone.
 These risks indicate that an individual contacting sediment/soil in
 either the Golf Course/Wetland Area or Middle Marsh according to
 the defined exposure scenarios may experience a chance of 2 in
 100,000 (1 in 100,000 due to PCBs alone) of developing cancer in a
 70 year lifetime due to this exposure. The hazard indices
 calculated across pathways were all less than 1.0. This indicates
 that adverse noncarcinogenic effects through a combination of
 exposures are unlikely to occur.
 5.5.2 Future Land-Use Conditions
 Under future land-use conditions, risk was estimated for the
 incidental ingestion and dermal absorption of chemicals in Middle
 Marsh sediment/soil. Because Middle Marsh was assumed to be dry
 under future land-use conditions, risk from contact with surface
 water was not considered to be relevant and was therefore not
 considered. Exposure to sediment/soil in the Golf Course/Wetland
 Area will result in risks equal in magnitude to those estimated
 under current land-use conditions under the defined exposure
 conditions and therefore these risks are not repeated.
 Risks Due to the Ingestion of Middle Marsh Sediment/Soil. Risks
 due to the incidental ingestion of Middle Marsh sediment/soil was
 estimated for an adult frequenting the marsh 56 days/year over a 30
 year period. Tables 5-32 and 5-33 present the excess upperbound
 lifetime cancer risks and noncancer risks associated with this
 exposure.
 The excess upperbound lifetime cancer risk from the incidental
 ingestion of Middle Marsh sediment/soil was estimated to be SxlCT6
 for the average case, and 2xlO~5 for the maximum case. These
 cancer risks were associated with contact with PCBs, and
 5-70
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TABLE 5-32
 CHRONIC DAILY INTAKES AND CARCINOGENIC RISKS ASSOCIATED WITH INGESTION OF MIDDLE MARSH SEDIMENT/SOIL[FUTURE LAND-USE SCENARIO]
 Chemicals ExhibitingCarcinogenic Effects
 Estimated ChronicDaily Intake (GDI)
 (mg/kg/day)
 Average MaximumCase Case
 Factor (a)(rog/kg/day)
 Excess UpperBound LifetimeCancer Risk
 Evidence Average MaximumClass Case Case
 Organics:BenzoCa)anthraceneBenzo(a)pyreneBenzo(b)fluorantheneBenzoCk)fIuorantheneChloroformChrysene4,4'-DDD4,4'-DDE4,4'-DDTDibenzo(a,h)anthracene1,4-Dichlorobenzenebis(2-Ethylhexyl)phthalateIndenoCI ,2,3-cd)pyreneMethylene ChlorideN-nitrosodiphenylaminePCBs (Aroclor 1254)Pentachlorophenol
 TOTAL
 3.76E-083.85E-086.20E-08.76E-08.03E-09.60E-08.10E-09.09E-09.59E-09.03E-08.13E-08.66E-08.63E-08.23E-09
 6.20E-092.45E-073.10E-08
 7.98E-088.27E-081.97E-071.03E-072.07E-091.03E-071.66E-085.92E-095.78E-091.41E-081.41E-089.86E-083.85E-081.03E-086.20E-091.69E-063.38E-08
 1.15E+011.15E+011.15E+011.15E+016.10E-03
 15E+0140E-0140E-0140E-0115E+01
 2.40E-021.40E-021.15E+017.50E-034.90E-037.70E+00
 (b,c>(0(b,c)(b,c)
 (b,c)
 (b,c)(d)
 (b,c)
 1.20E-01 (d)
 B2B2B2B2B2B2B2B2B2B2CB2B2B2B2B2B2
 4.3E-074.4E-077.1E-074.3E-076.3E-125.3E-077.4E-107.1E-108.8E-101.2E-072.7E-105.1E-103.0E-073.2E-113.0E-111.9E-063.7E-09
 9.2E-079.5E-072.3E-061.2E-061.3E-111.2E-064.0E-092.0E-092.0E-091.6E-073.4E-101.4E-094.4E-077.7E-113.0E-111.3E-054.1E-09
 5E-06 2E-05
 (a) All data are reported in IRIS as of March 1, 1991, unless otherwise stated.Weight of evidence classes are defined as follows:CB2] = Probable human carcinogen, adequate evidence from animal studies and inadequate or no evidence from humanstudies. [C] = Possible human carcinogen, limited evidence in animals in the absence of human data.
 (b) Slope factor shown is derived for benzo(a)pyrene.(c) Data from EPA 1984 Health Effects Assessment Document for Benzo(a)pyrene.(d) Data from Health Effects Assessment Summary Tables, Fourth Quarter, 1990, September.
 5-71

Page 241
						

TABLE 5-33
 CHRONIC DAILY INTAKES AND NONCARCINOGENIC RISKS ASSOCIATED WITH INGESTION OF MIDDLE MARSH SEDIMENT/SOIL[FUTURE LAND-USE SCENARIO]
 Estimated ChronicDaily Intake (CDI)
 (ing/kg/day)
 Chemicals Exhibiting Average MaximumNoncarcinogenic Effects Case Case
 Organics:Acenaphthene 1.51E-08 1.64E-08Acenaphthylene 1.99E-08 1.99E-08Acetone 1.49E-08 4.16E-08Anthracene 3.29E-08 5.26E-08Benzo(g,h,i)perylene 6.58E-08 1.10E-072-Butanone 3.29E-09 6.58E-09Butylbenzylphthalate 1.51E-08 2.43E-08Chloroform 2.41E-09 4.82E-094,4'-DDT 6.05E-09 1.35E-08Dibenzofuran 1.56E-08 1.56E-08Di-n-octylphthalate 9.21E-09 9.21E-09bis(2-Ethylhexyl)phthalate 8.55E-08 2.30E-07Fluoranthene 1.49E-07 3.07E-07Fluorene 1.88E-08 2.02E-08Methylene Chloride 9.86E-09 2.41E-084-Methylphenol 1.60E-07 5.04E-07PCBs (Aroclor 1254) 5.72E-07 3.95E-06Pentachlorophenol 7.23E-08 7.89E-08Phenanthrene 8.77E-08 1.82E-07Phenol 5.92E-08 7.67E-08Pyrene 1.53E-07 3.29E-07Toluene 1.64E-09 3.29E-09
 Inorganics:Cadmium 1.10E-07 4.16E-07Copper 1.03E-05 2.50E-05Manganese 1.01E-04 4.10E-04Zinc 4.16E-05 1.14E-04
 HAZARD INDEX
 <a) All data are reported in IRIS as of March 1, 1991,(b) Criteria was derived by Clement.(c) Data from Health Effects Assessment Summary Tables,(d) Reference dose shown is derived for napthalene.(e) Data from ECAO (1990) toxicity assessment memo.(f) Calculated from drinking water criteria.
 ReferenceNoncarcinogenic Risk
 (CDI:RfD)Dose
 (RfDXa) Uncertainty(mg/kg/day Factor
 6.0E-024.0E-03 (d,e)1.0E-013.0E-014.0E-03 (d,e)5.0E-022.0E-011.0E-025.0E-044.0E-03 (d,e)2.0E-02 (c)2.0E-024.0E-024.0E-026.0E-025.0E-021.0E-04 (b)3.0E-024.0E-03 (d,e)6.0E-013.0E-022.0E-01
 1.0E-033.7E-02 (c,f)1.0E-012.0E-01 (c)
 300010000100030001000010001000100010010000100010003000300010010001001001000010030001000
 10—110
 AverageCase
 2.52E-074.99E-061.49E-071.10E-071.64E-056.58E-087.56E-082.41E-071.21E-053.89E-064.60E-074.27E-063.73E-064.71E-071.64E-073.20E-065.72E-032.41E-062.19E-059.86E-085.11E-068.22E-09
 1.10E-042.78E-041.01E-032.08E-04
 7.4E-03
 MaximumCase
 2.74E-074.99E-064.16E-071.75E-072.74E-051.32E-071.22E-074.82E-072.70E-053.89E-064.60E-071.15E-057.67E-065.04E-074.02E-071.01E-053.95E-022.63E-064.55E-051.28E-071.10E-051.64E-08
 4.16E-046.75E-044.10E-035.71E-04
 4.5E-02
 unless otherwise stated.
 Fourth Quarter, 1990, September.
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carcinogenic PAHs such as benzo(a)anthracene, benzo(a)pyrene,
 benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene,
 dibenzo(a,h)anthracene, and indeno(l,2,3-c,d)pyrene. For the
 average case, risks due to contacting PCBs were 2xlO~6, and in the
 maximum case were IxlO"5. Combined risks from all chemicals are
 greater than EPA's point of departure of IxlO"6 for both the
 average and maximum case.
 The hazard indices associated with the ingestion of sediment/soil
 from Middle Marsh were much less than 1.0 for both the average and
 maximum exposure cases. This indicates that adverse
 noncarcinogenic effects from this exposure pathway are not likely
 to occur.
 Risks Due to the Dermal Absorption Chemicals in Middle Marsh
 Sediment/Soil. Risks due to the dermal absorption of chemicals in
 Middle Marsh sediment/soil was estimated for an adult frequenting
 the marsh for 56 days/year over a 30 year period. Table 5-34
 presents the excess upperbound lifetime cancer risks and noncancer
 risks associated with this exposure.
 The excess upperbound lifetime cancer risk from the dermal
 absorption of chemicals in Middle Marsh sediment/soil was estimated
 to be 2xlO~6 for the average case, and IxlO"5 for the maximum case.
 These cancer risks were associated with contact with PCBs, and
 carcinogenic PAHs such as benzo(a)anthracene, benzo(a)pyrene,
 benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene,
 dibenzo(a,h)anthracene, and indeno(1,2,3-c,d)pyrene. For the
 average case, risk due to contacting PCBs were 2xlO~6, and in the
 maximum case was IxlO"5. Combined risks from all chemicals were
 greater than EPA's point of departure of IxlO"6 for both the
 average and maximum case.
 The hazard indices associated with the dermal absorption of
 chemicals in Middle Marsh sediment/soil were much less than 1.0 for
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TABLE 5-34
 CHRONIC DAILY INTAKES AND RISKS ASSOCIATED WITH DERMAL ABSORPTION OF CHEMICALS IN MIDDLE MARSH SEDIMENT/SOIL[FUTURE LAND-USE SCENARIO]
 Estimated ChronicDaily Intake (CDI)
 (mg/kg/day)
 Chemicals Exhibiting Average MaximumCarcinogenic Effects Case Case
 Organ ics:Benzo(a)anthracene 9.39E-09 2.00E-08Benzo(a)pyrene 9.63E-09 2.07E-08Benzo(b)f luoranthene 1.55E-08 4.93E-08Benzo(k)fluoranthene 9.39E-09 2.58E-08Chloroform 2.58E-09 5.17E-09Chrysene 1.15E-08 2.58E-084, 4' -ODD 2.58E-09 1.39E-084, 4' -DDE 1.74E-09 4.93E-094,4'-DDT 2.16E-09 4.81E-09Dibenzo(a,h)anthracene 2.58E-09 3.52E-091,4-Dichlorobenzene 2.82E-08 3.52E-08bis(2-Ethylhexyl)phthalate 3.05E-08 8.22E-08Indeno(1,2,3-cd)pyrene 6.58E-09 9.63E-09Methylene Chloride 1.06E-08 2.58E-08N-mtrosodiphenylamine 1.55E-08 1.55E-08PCBs (Aroclor 1254) 2.04E-07 1.41E-06Pentachlorophenol 2.58E-08 2.82E-08
 TOTAL
 Slope Weight ofFactor <a) Evidence(mg/kg/day) Class
 1.15E+01 (b,c) B21.15E+01 (c) B21.15E+01 (b,c) B21.15E+01 (b,c) B26.10E-03 821.15E+01 (b,c) B22.40E-01 B23.40E-01 823.40E-01 B21.15E+01 (b,c) 822.40E-02 (d) C1.40E-02 B21.15E+01 (b,c) B27.50E-03 B24.90E-03 B27.70E+00 821.20E-01 (d) B2
 Excess UpperBound LifetimeCancer Risk
 Average MaximumCase Case
 1.1E-07 2.3E-071.1E-07 2.4E-071.8E-07 5.7E-071.1E-07 3.0E-071.6E-11 3.2E-111.3E-07 3.0E-076.2E-10 3.3E-095.9E-10 1.7E-097.3E-10 1.6E-093.0E-08 4.1E-086.8E-10 8.5E-104.3E-10 1.2E-097.6E-08 1.1E-077.9E-11 1.9E-107.6E-11 7.6E-111.6E-06 1.1E-053.1E-09 3.4E-09
 2E-06 1E-05
 Estimated ChronicDaily Intake (CDI)
 (mg/kg/day)
 Chemicals Exhibiting Average MaximumNoncarcmogenic Effects Case Case
 Organics:Acenaphthene 3.78E-09 4.11E-09Acenaphthylene 4.99E-09 4.99E-09Acetone 3.73E-08 1.04E-07Anthracene 8.22E-09 1.32E-08Benzo(g,h,i)perylene 1.64E-08 2.74E-082-Butanone 8.22E-09 1.64E-08Butylbenzylphthalate 1.26E-08 2.03E-08Chloroform 6.03E-09 1.21E-084,4'-DDT 5.04E-09 1.12E-08Dibenzofuran 3.89E-09 3.89E-09Di-n-octylphthalate 7.67E-09 7.67E-09bis(2-Ethylhexyl)phthalate 7.12E-08 1.92E-07Fluoranthene 3.73E-08 7.67E-08Fluorene 4.71E-09 5.04E-09Methylene Chloride 2.47E 08 6.03E-084 -Methyl phenol 4.00E-07 1.26E-06PCBs (Aroclor 1254) 4.77E-07 3.29E-06Pentachlorophenol 6.03E-08 6.58E-08Phenanthrene 2.19E-08 4.55E-08Phenol 1.48E-07 1.92E-07Pyrene 3.84E-08 8.22E-08Toluene 4.11E-09 8.22E-09
 HAZARD INDEX
 (a) All data are reported in IRIS as of March 1, 1991,Weight of evidence classes are defined as follows:[B2] = Probable human carcinogen, adequate evidence
 ReferenceDose
 (RfD)(a) Uncertainty(mg/kg/day Factor
 6.0E-02 30004.0E-03 (e,f) 100001.0E-01 10003.0E-01 30004.0E-03 (e,f) 100005.0E-02 10002.0E-01 10001.0E-02 10005.0E-04 1004.0E-03 (e,f) 100002.0E-02 (d) 10002.0E-02 10004.0E-02 30004.0E-02 30006.0E-02 1005.0E-02 10001.0E-04 (g) 1003.0E-02 1004.0E-03 (e,f) 100006.0E-01 1003.0E-02 30002.0E-01 1000
 unless otherwise stated.
 from animal studies and inadequatestudies. [C] = Possible human carcinogen, limited evidence in animals in the absence of
 (b) Slope factor shown is derived for benzo(a)pyrene.
 Noncarcmogenic Risk(CDI:RfD)
 Average MaximumCase Case
 6.30E-08 6.85E-081.25E-06 1.25E-063.73E-07 1.04E-062.74E-08 4.38E-084.11E-06 6.85E-061.64E-07 3.29E-076.30E-08 1.01E-076.03E-07 1.21E-061.01E-05 2.25E-059.73E-07 9.73E-073.84E-07 3.84E-073.56E-06 9.59E-069.32E-07 1.92E-061 18E-07 1 26E-074.11E-07 1.00E-068.00E-06 2.52E-054.77E-03 3.29E-022.01E-06 2.19E-065.48E-06 1.14E-052.47E-07 3.20E-071.28E-06 2.74E-062.05E-08 4.11E-08
 4.8E-03 3.3E-02
 or no evidence from humanhuman data.
 (c) Data from EPA 1984 Health Effects Assessment Document for Benzo(a)pyrene.(d) Data from Health Effects Assessment Summary Tables,(e) Reference dose shown is derived for napthalene.(f) Data from ECAO (1990) toxicity assessment memo.(g) Criteria was derived by Clement.
 Fourth Quarter, 1990, September.
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both the average and maximum exposure cases. This indicates that
 adverse noncarcinogenic effects from this exposure pathway are not
 likely to occur.
 Total Risks Under Future Land-Use Conditions. Table 5-35
 summarizes the risks associated with future land-use conditions.
 Exposure and risks through the incidental ingestion and dermal
 absorption of chemicals in Middle Marsh sediment/soil were
 considered. Because Middle Marsh was assumed to be dry under
 future conditions, surface water exposure was not evaluated.
 Again, because of the importance of PCBs at the site, the summary
 risk table presents risks by pathway for all of the chemicals and
 for PCBs alone. As previously observed under current land-use
 conditions, both carcinogenic PAHs and PCBs are responsible for the
 total risk estimate.
 The excess upperbound lifetime cancer risk was greatest for the
 pathway involving the incidental ingestion of sediment/soil. For
 the maximum case, the total excess cancer risk (due to ingestion
 and dermal absorption) was 3xlO~5 due to the presence of PAHs and
 PCBs, and 2xlO~5 due to the presence of PCBs alone. There risks
 indicate that an individual contacting sediment/soil in Middle
 Marsh according to the defined exposure scenario may experience a
 chance of 3 in 100,000 (2 in 100,000 due to PCBs alone) of
 developing cancer in a 70 year lifetime.
 The hazard indices calculated across pathways were all less than
 1.0. This indicates that adverse noncarcinogenic effects through
 a combination of exposures are unlikely to occur.
 5.6 Uncertainties
 In any risk assessment, there are uncertainties surrounding risk
 estimates. As previously mentioned in other sections, the largest
 uncertainty surrounds the use of human health effects criteria,
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TABLE 5-35
 TOTAL RISKS ASSOCIATED WITH FUTURE LAND-USE
 Cancer RiskDue to All Chemicals
 Area/Pathway Average Max i mum
 Cancer RiskDue to PCBs
 Average Maximum
 Middle Marsh:Ingestion of Sediment 4.9E-06
 Dermal AbsorptionFrom Sediment 2.3E-06
 Total Cancer Risk 7E-06
 2.0E-05
 1.3E-05
 3E-05
 1.9E-06
 1.6E-06
 3E-06
 1.3E-05
 1.1E-05
 2E-05
 Area/Pathway
 Noncarcinogenic RiskDue to All Chemicals
 Average Maximum
 Noncarcinogenic RiskDue to PCBs
 Average Maximum
 Middle Marsh:Ingestion of Sediment 7.4E-03
 Dermal AbsorptionFrom Sediment 4.8E-03
 Total Hazard Index < 1
 4.5E-02
 3.3E-02
 < 1
 5.7E-03
 4.8E-03
 < 1
 3.9E-02
 3.3E-02
 < 1
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particularly for the two chemical classes of greatest concern at
 this site, i.e., PCBs and PAHs.
 5.7 Summary
 This human health risk assessment has examined the potential risks
 associated with surface sediment/soil and surface water
 investigated during the Supplemental RI/FS of Middle Marsh.
 Consideration was given to two areas: Middle Marsh itself and a
 smaller area comprised of a wetland and selected golf course
 locations.
 Potential exposure to the chemicals of concern due to the
 incidental ingestion of sediment/soil and dermal absorption from
 surface sediment/soil and surface water were quantified. All
 chemicals with available human health criteria measured in these
 media above site-specific and region background levels were
 quantitatively evaluated. PAHs were included in the risk
 evaluation although their presence could be associated with
 combustion sources frequently present in urban environments.
 Risks under current land-use conditions were slightly higher for
 the Golf Course/Wetland Area under the average case and equal for
 the Golf Course/Wetland Area and Middle Marsh under the maximum
 case. The incidental ingestion of sediment/soil was the route of
 exposure which always represented the highest risk. The maximum
 risk for both areas was 2xlO~5. Risks under future land-use
 conditions were evaluated for the increased contact with Middle
 Marsh, and the maximum risk associated with such use was 3xlO~5.
 These risks mean that an individual contacting either of the two
 evaluated areas according to the defined current exposure
 conditions will potentially experience a chance of 2 in 100,000 of
 developing cancer over a 70 year lifetime and individuals
 contacting Middle Marsh according to defined future exposure
 conditions will potentially experience a chance of 3 in 100,000 of
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developing cancer over a lifetime. This risk estimate only takes
 into account exposure from the site and does n t consider the risk
 of developing cancer due to diet, smoking, contact with other
 chemicals or genetic predisposition. In establAshing a remediation
 goal for a particular site, EPA first conside.-s a risk of 10~6 as
 a point of departure. Remediation goals may be set at a different
 risk level within the acceptable risk range (generally considered
 at 10~4 to 10~6) based on consideration of appropriate factors
 including, but not limited to, exposure factors, uncertainty
 factors and technical factors.
 The hazard indices calculated across pathways were less than 1.0
 under current and future land-use conditions which indicates that
 adverse noncarcinogenic effects are unlikely to occur. In the case
 of lead, the exposure point concentrations in both Middle Marsh and
 the Golf Course/Wetland Area were within the OSWER directive
 guidance level of 500 to 1,000 mg/kg established for the protection
 of children and adults. Because young children are not likely to
 contact these areas, the higher end of this guidance concentration
 range is more likely to be appropriate for the protection of human
 health. However, this determination is madf by EPA on a site-
 specific basis.
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