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Executive Summary 

On behalf of Lockheed Martin Corporation (LMC), Tetra Tech, Inc. has prepared a Surface Water 

and Sediment Sampling Report documenting the investigation of the waterways adjacent to the 

LMC Middle River Complex (MRC), located at 2323 Eastern Boulevard in Middle River, 

Maryland. Eight individual tax blocks at the MRC have been submitted into the Maryland 

Department of the Environment's (MDE) Voluntary Cleanup Program (VCP). The surface water 

bodies surrounding the MRC (e.g. Cow Pen Creek and Dark Head Cove) are considered waters of 

the State of Maryland and as such are not considered to be part of the VCP process. However, in 

order to evaluate the environmental condition of the surface water and sediment bodies adjacent to 

MRC, LMC has conducted this baseline characterization. The objectives of the surface water and 

sediment sampling program were as follows: 

To obtain analytical data to quantify the presence or absence of chemicals in the surface 
water bodies surrounding the waterfront area of the LMC MRC based on two 
characterization studies conducted in March and October 2005. 

To conduct human health and ecological risk assessments to determine if any detected 
chemicals are present at concentrations of potential concern to site receptors. 

The MRC is an industrial facility within the broader Chesapeake Industrial Park and the area 

surrounding the property primarily consists of commercial, industrial, and residential 

establishments. Six other facilities, comprising the remaining portion of the Chesapeake Industrial 

Park, lie adjacent to the LMC MRC. These facilities include Tilley Chemical Company, Inc., a 

food and pharmaceutical chemical distributor for personal care and industries; North American 

Rigging, L.L.C., a broker firm specializing in the moving and installation of machinery and heavy 

equipment; Johnson and Towers, a heavy duty automotivehoat repair and maintenance company; 

Poly-Seal Corp., a company that produces flexible packaging for miscellaneous items; Exxon, a 

gasoline fill station and convenience store, and the Middle River Post Office. Residential 

developments are located on the opposite shores of Cow Pen Creek, Dark Head Cove, and Dark 

Head Creek, as well as north of Eastern Boulevard (Route 150). 
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To determine the environmental condition of the surface water bodies adjacent to the Chesapeake 3 
Industrial Park, surface water and sediment sampling was conducted in two separate phases 

(March 2005 and October 2005). During the March 2005 investigation, 7 surface water and 12 

sediment samples (surface sediments) were collected in Cow Pen Creek and Dark Head Cove. 

Locations were generally selected to coincide with storm water outfalls along the bulkhead 

bordering MRC as well as to generate area wide background data. The investigation was 

expanded in October 2005 with the collection of 10 additional surface water and 50 additional 

sediment samples in the area. The October sampling event included both areas previously 

sampled for confirmation and vertical distribution of detected chemicals as well as additional 

lateral sampling of Dark Head Cove. Surface water and sediment samples were analyzed for a 

wide range of chemicals, consistent with the project objectives to provide a baseline 

characterization of the study area. 

The data generated during the investigation was used to conduct human health and ecological risk 

assessments. The purpose of the risk assessments was to evaluate the likelihood that individuals or 

ecological receptors potentially exposed to the chemical concentrations in the sediments and 

surface water adjacent to Chesapeake Industrial Park could experience adverse health effects. The 

3 
objective of the risk assessments was to provide sufficient information to allow for identification 

of areas with the potential for unacceptable risks to potentially exposed receptors and as a tool to 

support further actions. 

The human health risk assessment (HHRA) determined that non-cancer risks are acceptable for 

both surface water and sediment because the calculated Hazard Index is less than 1.0. Potential 

carcinogenic risks for surface water are less than the MDE's upper end threshold level of 1 X 1 0 ~ ~ .  

Potential carcinogenic risks for sediment are within the EPA's acceptable risk range of 1 x to 

1 x but exceed the MDE's upper end threshold level of 1 X lo? Therefore, additional 

consideration of the contributing carcinogenic COPCs in sediment may be necessary. The 

primary contributors in sediment include arsenic, polynuclear aromatic hydrocarbons (PAHs), and 

polychlorinated biphenyl's (PCBs). It is important to note that there is considerable uncertainty 

associated with the exposures assumed in the HHRA. The sediments at the site are for the most 

part underwater, in many cases the water is 8 feet or more in depth, which will reduce or even 3 
eliminate the levels of exposure to a recreational user via dermal contact and ingestion. The risk 
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L estimates are believed to be conservative in that they tend to overestimate any actual risks, in this 

case perhaps by a large margin. In addition, arsenic is a naturally occurring metal which is present 

in soils and sediments in Maryland. The concentrations of arsenic in sediment may be reflective 

of naturally occurring background and the contribution of arsenic to risk may be overstated. 

The ecological risk assessment (ERA) determined that the receptors potentially at risk are: lower 

trophic level organisms consisting of water-column communities as well as the benthic 

invertebrates; and upper trophic level organisms represented by the great blue heron through the 

food-web exposure model. One surface water COPC (cadmium) and five sediment COPCs 

(barium, silver, benzo(a)pyrene, benzo(g,h,I,)perylene, and indeno(1,2,3-cd)pyrene) are 

considered the primary contributors to potential ecological exposure. Mercury in the diet of the 

great blue heron was also identified as an ecological concern through food chain modeling based 

on sediment concentrations of mercury. 
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Section 1 

Introduction 

On behalf of Lockheed Martin Corporation (LMC), Tetra Tech, Tnc. has prepared the following 

Surface Water and Sediment Sampling Report documenting the investigation of the waterways 

adjacent to the LMC Middle River Complex (MRC), located at 2323 Eastern Boulevard in Middle 

River, Maryland. The objectives of the surface water and sediment sampling events were as 

follows: 

To obtain analytical data to quantify the presence or absence of chemicals in the surface 
water bodies surrounding the waterfront area of the LMC MRC based on two 
characterization studies conducted in March and October 2005. 

C 
To conduct human health and ecological risk assessments to determine if any detected 
chemicals are present at concentrations of potential concern to site receptors. 

The remainder of this report is organized as follows: 

Section 2 - Site Background - Presents a brief description of the site, site conditions, and 
previous investigations. 

Section 3 - Investigation Approach and Field Methodology - Presents a description of the 
field methodologies employed. 

Section 4 - Human Health Risk - Evaluates the potential for adverse effects on human 
receptors. 

Section 5 - Ecological Risk - Evaluates the potential for adverse effects on floral and 
faunal receptors. 

Section 6 - Summary and Conclusions - the overall summary and conclusions of the 
investigation. 

Section 7 - References - Cites references used to compile this report. 
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Section 2 

Site Background 

SITE DESCRIPTION 

The LMC MRC is located at 2323 Eastern Boulevard in Middle River, Maryland. A facility 

location map is provided as Figure 2-1. The site consists of approximately 180 acres of land and 

12 main buildings. The property includes an active industrial area and yard, perimeter parking 

lots, an athletic field, a concrete-covered vacant lot, a trailer and parts storage lot, and numerous 

grassy areas along the facility's perimeter. Locked chain-link fences surround all exterior lots and 

the main industrial area. The site is bounded by Eastern Boulevard (Route 150) to the north, Dark 

Head Cove to the south, Cow Pen Creek to the west, and Martin State Airport to the east. A 

/+-- facility layout map is provided as Figure 2-2. 
L 

Currently, LMC activities at the site are limited to facility and building management and 

maintenance. There are two main tenants at the site, Middle River Aircraft Systems (MRAS) and 

Maritime Systems & Sensors (MS2) - Marine Systems. MRAS conducts design, manufacturing, 

fabrication, testing, overhaul, and repair and maintenance of aeronautical structures, parts, and 

components for military and commercial applications. MS2 - Marine Systems conducts 

fabrication, assembly, testing, and support of vertical launch systems. Historically, the property 

has been used for aircraft and missile launching systems design, development, and sales. 
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Physical Setting 

Land Use 

The MRC is an industrial facility within the broader Chesapeake Industrial Park and the area 

surrounding the property primarily consists of commercial, industrial, and residential 

establishments. Six other facilities, comprising the remaining portion of the Chesapeake Industrial 

Park, lie adjacent to the LMC MRC. These facilities include Tilley Chemical Company, Inc., a 

food and pharmaceutical chemical distributor for personal care and industries; North American 

Electric, L.L.C., a broker firm specializing in the moving and installation of machinery and heavy 

equipment; Johnson and Towers, a heavy duty automotive/boat repair and maintenance company; 

Poly-Seal Corp., a company that produces flexible packaging for miscellaneous items; Exxon, a 

gasoline fill station and convenience store, and the Middle River Post Office. Residential 

developments are located on the opposite shores of Cow Pen Creek, Dark Head Cove, and Dark 

Head Creek, as well as north of Eastern Boulevard (Route 150). 

2.1.1.2 Phvsioara~hy 
3 

The site is located within the Western Shore of the Coastal Plain Physiographic Province. The 

Coastal Plain topography is generally characterized by low relief. The topography of the MRC is 

gently sloping, ranging from sea level to approximately 32 feet above mean sea level (Cassell, 

July 1977). The topography slopes from Eastern Boulevard to the southwest and south towards 

Cow Pen Creek and Dark Head Cove. 

Hvdroloav 

The LMC MRC lies at the junction of Cow Pen Creek and Dark Head Cove. Both are tidal 

surface water bodies that feed into Dark Head Creek, a tributary to Middle River, which is a 

tributary to Chesapeake Bay. The facility lies approximately 3.2 miles upstream of Chesapeake 

Bay. 
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No surface water bodies lie within or cross the LMC MRC. Excluding areas immediately adjacent 

to Cow Pen Creek and Dark Head Creek, surface water runoff discharges from the facility via 

storm drains, soil infiltration, and evaporation. A total of 12 stormwater drain systems discharging 

to Cow Pen Creek and Dark Head Cove have been mapped at the facility (Cassell, July 1977) and 

are shown on Figure 2-2. Stormwater runoff from the Chesapeake Industrial Park and a portion of 

the Martin State Airport located across Wilson Point Road is collected through a stormwater 

conveyance system and discharged to Cow Pen Creek and Dark Head Cove. 

LMC MRC maintains a State of Maryland National Pollution Discharge Elimination System 

(NPDES) Permit (State Discharge Permit No.: 00-DP-0298, NPDES No.: MD0002852) issued by 

Maryland Department of the Environment (MDE) Industrial Discharge Permits Division, Water 

Management Administration (Earth Tech, February 2003). MRAS generates sanitary wastewater 

and process wastewater and is categorized as an Industrial User. The facility pretreats and 

discharges its wastewater under the Industrial User Discharge Permit (Permit No.: WWDP#1390), 

issued to MRAS by the Baltimore County Department of Public Works Bureau of Utilities (Earth 
IA 

b Tech, February2003). According to the permit, the facility is authorized to discharge its 

processed and sanitary wastewater from seven permitted discharge points (i.e., outfalls). 

2.1.2 Subsurface Conditions 

Soils underlying the LMC MRC have been mapped as Mattapex-Urban Land Complex and 

Sassafras-Urban Land Complex by the United States Department of Agriculture (USDA) Soil 

Conservation Service. Mattapex-Urban Land soils consist of deep, well-drained silty soils whose 

original texture has been disturbed, graded over, or otherwise altered prior to construction. 

Sassafras-Urban Land soils consist of deep, well-drained sandy soils whose original texture has 

been disturbed, graded over, or otherwise altered prior to construction (USDA, September 1993). 

Site assessment activities conducted at MRC, however, indicate a high percentage of the soils 

C 
containing a very high clay and silt content and surface drainage is poor. 
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Based on geologic mapping of Baltimore County, the LMC MRC is underlain by the Potomac 

Group, a Cretaceous age interbedded gravel, sand, silt, and clay unit ranging in thickness from 0 to 

800 feet. The Potomac Group is composed of three units: the Raritan and Patapsco Formations, 

the Arundel Clay, and the Patuxent Formation. The Raritan and Patapsco Formations range up to 

400 feet thick and are composed of a gray, brown, and red variegated silt and clay unit with 

lenticular lenses of sand and few gravels. The Arundel Clay is composed of dark gray and maroon 

lignitic clays and ranges in thickness from 25 to 200 feet. The Patuxent Formation is described as 

a white or light gray to orange brown, moderately sorted sand unit with quartz gravels, silts, and 

clays and ranges up to 250 feet in thickness (Reinhardt, 1977). 

The Geologic Map of the Middle River Quadrangle (Reinhardt, 1977) Maps the entire survey area 

as either the clay or sand facies of the Patapsco Formation. The sands are more concentrated on 

the peninsulas east of Martin State Airport and areas north of Eastern Boulevard; whereas, all of 

the peninsulas (with the exception of the Wilson Point Road area) to the west of the airport are 

mapped as belonging to the clay facies. The Arundel Clay has been mapped as outcropping 

3 
northwest of the MRC facility (Reinhardt, 1977). 

Lithologic logging of the soils beneath the MRC conducted during extensive site characterization 

activities identified a very heterogeneous substrate. The underlying soils are composed primarily 

of silty sands, fine-grained to medium-grained sands, silty clays, clayey silts, and plastic clay, with 

the primarily lithology being clay to silty clay. Sand lenses of various concentrations were 

encountered but do not appear to be continuous beneath the facility. Shallow groundwater tends 

to flow in the more sandy lenses towards the surface water bodies and the water table is generally 

a subdued representation of the surface topography. 

PREVIOUS INVESTIGATIONS 

Numerous environmental investigations have been conducted at the LMC MRC. Investigations 

include underground storage tank closures and abandonments, soil excavations, Phase I 3 
Environmental Site Assessments (ESAs), and Phase I1 ESAs. In 2003, a facility-wide Phase I 
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ESA was conducted at the LMC MRC. The Phase I identified 13 recognized environmental 

concerns (RECs) at the facility associated primarily with current site conditions (Earth Tech, 

February 2003). Subsequent review of historic site activities identified another 18 RECs at the 

facility (Tetra Tech, August 2004). Many of the identified RECs are located in the southern 

portion of the facility along the waterfront. Soil and groundwater sampling at the RECs identified 

sporadic soil and groundwater impacts in the media underlying the facility. The MRC has been 

entered into the MDE Voluntary Cleanup Program (VCP). 

On March 17 and 18, 2005, surface water and sediment sampling was conducted in the surface 

water bodies (i.e., Cow Pen Creek, Dark Head Cove, and Dark Head Creek) adjacent to the 

facility's southern and western property boundaries. Ten additional surface water and 50 

additional sediment samples were collected in October 2005 to further characterize and delineate 

chemicals identified during the March sampling event. This event included much more extensive 

investigation in Dark Head Cove as well as vertical profiling of chemical concentrations in 

sediments. Both events are discussed in more detail in Section 3.0. 
cA 
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FIGURE 2-1 
S tTE LOCATION MAP 
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Section 2 

Site Background 

2.1 SITE DESCRIPTION 

The LMC MRC is located at 2323 Eastern Boulevard in Middle River, Maryland. A facility 

location map is provided as Figure 2-1. The site consists of approximately 180 acres of land and 

12 main buildings. The property includes an active industrial area and yard, perimeter parking 

lots, an athletic field, a concrete-covered vacant lot, a trailer and parts storage lot, and numerous 

grassy areas along the facility's perimeter. Locked chain-link fences surround all exterior lots and 

the main industrial area. The site is bounded by Eastern Boulevard (Route 150) to the north, Dark 

Head Cove to the south, Cow Pen Creek to the west, and Martin State Airport to the east. A 

facility layout map is provided as Figure 2-2. 

Currently, LMC activities at the site are limited to facility and building management and 

maintenance. There are two main tenants at the site, Middle River Aircraft Systems (MRAS) and 

Maritime Systems & Sensors (MS2) - Marine Systems. MRAS conducts design, manufacturing, 

fabrication, testing, overhaul, and repair and maintenance of aeronautical structures, parts, and 

components for military and commercial applications. MS2 - Marine Systems conducts 

fabrication, assembly, testing, and support of vertical launch systems. Historically, the property 

has been used for aircraft and missile launching systems design, development, and sales. 
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2.1.1 Physical Setting 

Land Use 

The MRC is an industrial facility within the broader Chesapeake Industrial Park and the area 

surrounding the property primarily consists of commercial, industrial, and residential 

establishments. Six other facilities, comprising the remaining portion of the Chesapeake Industrial 

Park, lie adjacent to the LMC MRC. These facilities include Tilley Chemical Company, Inc., a 

food and pharmaceutical chemical distributor for personal care and industries; North American 

Electric, L.L.C., a broker firm specializing in the moving and installation of machinery and heavy 

equipment; Johnson and Towers, a heavy duty automotivehoat repair and maintenance company; 

Poly-Seal Corp., a company that produces flexible packaging for miscellaneous items; Exxon, a 

gasoline fill station and convenience store, and the Middle River Post Office. Residential 

developments are located on the opposite shores of Cow Pen Creek, Dark Head Cove, and Dark 

Head Creek, as well as north of Eastern Boulevard (Route 150). 

Phvsioqraphv 

The site is located within the Western Shore of the Coastal Plain Physiographic Province. The 

Coastal Plain topography is generally characterized by low relief. The topography of the MRC is 

gently sloping, ranging from sea level to approximately 32 feet above mean sea level (Cassell, 

July 1977). The topography slopes from Eastern Boulevard to the southwest and south towards 

Cow Pen Creek and Dark Head Cove. 

2.1.1.3 Hvdroloqy 

The LMC MRC lies at the junction of Cow Pen Creek and Dark Head Cove. Both are tidal 

surface water bodies that feed into Dark Head Creek, a tributary to Middle River, which is a 

tributary to Chesapeake Bay. The facility lies approximately 3.2 miles upstream of Chesapeake 

Bay. 
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No surface water bodies lie within or cross the LMC MRC. Excluding areas immediately adjacent 

to Cow Pen Creek and Dark Head Creek, surface water runoff discharges from the facility via 

storm drains, soil infiltration, and evaporation. A total of 12 stormwater drain systems discharging 

to Cow Pen Creek and Dark Head Cove have been mapped at the facility (Cassell, July 1977) and 

are shown on Figure 2-2. Stormwater runoff from the Chesapeake Industrial Park and a portion of 

the Martin State Airport located across Wilson Point Road is collected through a stormwater 

conveyance system and discharged to Cow Pen Creek and Dark Head Cove. 

LMC MRC maintains a State of Maryland National Pollution Discharge Elimination System 

(NPDES) Permit (State Discharge Permit No.: 00-DP-0298, NPDES No.: MD0002852) issued by 

Maryland Department of the Environment (MDE) Industrial Discharge Permits Division, Water 

Management Administration (Earth Tech, February 2003). MRAS generates sanitary wastewater 

and process wastewater and is categorized as an Industrial User. The facility pretreats and 

discharges its wastewater under the Industrial User Discharge Permit (Permit No.: WWDP#1390), 

issued to MRAS by the Baltimore County Department of Public Works Bureau of Utilities (Earth 

Tech, February2003). According to the permit, the facility is authorized to discharge its 

processed and sanitary wastewater from seven permitted discharge points (i.e., ou tfalls). 

2.1.2 Subsurface Conditions 

Soils 

Soils underlying the LMC MRC have been mapped as Mattapex-Urban Land Complex and 

Sassafras-Urban Land Complex by the United States Department of Agriculture (USDA) Soil 

Conservation Service. Mattapex-Urban Land soils consist of deep, well-drained silty soils whose 

original texture has been disturbed, graded over, or otherwise altered prior to construction. 

Sassafras-Urban Land soils consist of deep, well-drained sandy soils whose original texture has 

been disturbed, graded over, or otherwise altered prior to construction (USDA, September 1993). 

Site assessment activities conducted at MRC, however, indicate a high percentage of the soils 

containing a very high clay and silt content and surface drainage is poor. 
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Based on geologic mapping of Baltimore County, the LMC MRC is underlain by the Potomac 

Group, a Cretaceous age interbedded gravel, sand, silt, and clay unit ranging in thickness from 0 to 

800 feet. The Potomac Group is con~posed of three units: the Raritan and Patapsco Formations, 

the Arundel Clay, and the Patuxent Formation. The Raritan and Patapsco Formations range up to 

400 feet thick and are composed of a gray, brown, and red variegated silt and clay unit with 

lenticular lenses of sand and few gravels. The Arundel Clay is composed of dark gray and maroon 

lignitic clays and ranges in thickness from 25 to 200 feet. The Patuxent Formation is described as 

a white or light gray to orange brown, moderately sorted sand unit with quartz gravels, silts, and 

clays and ranges up to 250 feet in thickness (Reinhardt, 1977). 

The Geologic Map of the Middle River Quadrangle (Reinhardt, 1977) Maps the entire survey area 

as either the clay or sand facies of the Patapsco Formation. The sands are more concentrated on 

the peninsulas east of Martin State Airport and areas north of Eastern Boulevard; whereas, all of 

the peninsulas (with the exception of the Wilson Point Road area) to the west of the airport are 

mapped as belonging to the clay facies. The Arundel Clay has been mapped as outcropping 

northwest of the MRC facility (Reinhardt, 1977). 

Lithologic logging of the soils beneath the MRC conducted during extensive site characterization 

activities identified a very heterogeneous substrate. The underlying soils are composed primarily 

of silty sands, fine-grained to medium-grained sands, silty clays, clayey silts, and plastic clay, with 

the primarily lithology being clay to silty clay. Sand lenses of various concentrations were 

encountered but do not appear to be continuous beneath the facility. Shallow groundwater tends 

to flow in the more sandy lenses towards the surface water bodies and the water table is generally 

a subdued representation of the surface topography. 

PREVIOUS INVESTIGATIONS 

Numerous environmental investigations have been conducted at the LMC MRC. Investigations 

include underground storage tank closures and abandonments, soil excavations, Phase I 

Environmental Site Assessments (ESAs), and Phase I1 ESAs. In 2003, a facility-wide Phase I 
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ESA was conducted at the LMC MRC. The Phase I identified 13 recognized environmental 

concerns (RECs) at the facility associated primarily with current site conditions (Earth Tech, 

February 2003). Subsequent review of historic site activities identified another 18 RECs at the 

facility (Tetra Tech, August 2004). Many of the identified RECs are located in the southern 

portion of the facility along the waterfront. Soil and groundwater sampling at the RECs identified 

sporadic soil and groundwater impacts in the media underlying the facility. The MRC has been 

entered into the MDE Voluntary Cleanup Program (VCP). 

On March 17 and 18, 2005, surface water and sediment sampling was conducted in the surface 

water bodies (i.e., Cow Pen Creek, Dark Head Cove, and Dark Head Creek) adjacent to the 

facility's southern and western property boundaries. Ten additional surface water and 50 

additional sediment samples were collected in October 2005 to further characterize and delineate 

chemicals identified during the March sampling event. This event included much more extensive 

investigation in Dark Head Cove as well as vertical profiling of chemical concentrations in 

sediments. Both events are discussed in more detail in Section 3.0. 
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Section 3 

Investigation Approach and Field 
Methodology 

Surface water and sediment sampling was conducted in two separate phases (March 2005 and 

October 2005). During the March 2005 investigation, surface water and sediment sampling was 

conducted in the surface water bodies adjacent to the facility's southern and western property 

boundaries (Cow Pen Creek and Dark Head Cove). Sampling activities were conducted on 

March 17 and 18, 2005 in accordance with the Surface Water and Sediment Sampling Work plan 

(Tetra Tech, March 2005). 

During the October 2005 investigation, additional surface water and sediment sampling was 

conducted at Dark Head Cove and Cow Pen Creek. The sampling included both areas previously 

sampled for confirmation and vertical distribution of detected chemicals as well as additional 

lateral sampling of Dark Head Cove. Sampling activities were conducted on October 20 and 21, 

2005 in accordance with the Surface Water and Sediment Sampling Work plan (Tetra Tech, 

October 2005). 

3.1 SURFACE WATER SAMPLING 

3.1 .I Surface Water Sampling March 2005 

A total of seven surface water samples, designated SW-1 through SW-7, were collected from Cow 

Pen Creek and Dark Head Cove (Figure 3-1). Two (SW-1 and SW-2) of the seven surface water 

samples were collected as background reference samples, one (SW-1) hydraulically upgradient of 

the facility's first outfall along Cow Pen Creek and one (SW-2) from a cove within Dark Head 

Creek. The remaining five sample locations (SW-3 through SW-7) were along the facility's 

waterfront approximately 10 feet from the shoreline. The surface water sample locations were 
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positioned adjacent to areas of known groundwater impacts and typically coincided with every 

second (i.e., alternate) sediment sample location. At least one of the surface water sample 

locations (SW-7) was located within an area recently impacted from a fuel oil spill that originated 

from the adjacent Martin State Airport facility. 

3.1.2 Surface Water Sampling October 2005 

A total of 10 surface water samples, designated SW-8 through SW-17, were collected from Cow 

Pen Creek and Dark Head Cove (Figure 3-2) in October 2005. The sample locations were 

distributed to provide a broad evaluation of surface water quality in Dark Head Cove. 

3.1.3 Surface Water Sampling Protocols 

Surface water samples were collected as grab samples using direct fill sampling techniques. A 

pre-cleaned, unpreserved bottle was submerged approximately 1 foot below the water surface and 

allowed to fill. The collected sample volume was then decanted into the appropriate sample 

containers, taking care to minimize agitation of the collected water. Each sample was submitted 

for the following analyses: volatile organic compounds (VOCs) using Method 8260B; semi- 

volatile organic compounds (SVOCs) using Method 8270C; Total Priority Pollutant Metals using 

Method 6020; polychlorinated biphenyls (PCBs) using Method 8082; and hexavalent chromium 

using Method 7196A. In addition, a peristaltic pump fitted with a 0.45 micron inline filter was 

used to collect a filtered surface water sample from each location. The filtered water sample was 

submitted for Dissolved Priority Pollutant Metals analysis by Method 6020 only. Five surface 

water samples were analyzed for Alkyltins during the October 2005 investigation primarily to 

determine if dibutyltin tin was present due to its possible historical use as an algal growth inhibitor 

in paint. All surface water samples were collected using dedicated and disposable sampling 

equipment. 

Surface water quality parameters, including temperature, pH, specific conductance, turbidity, 

dissolved oxygen, and oxidation-reduction potential, were collected from each surface water 

sample location. The surface water quality measurements are presented on the field sample data 

sheets included in Appendix A. 
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SEDIMENT SAMPLING 

3.2.1 Sediment Sampling March 2005 

Twelve sediment samples, designated SD-1 through SD-12, were collected from Cow Pen Creek, 

Dark Head Cove, and Dark Head Creek. Two (SD-1 and SD-2) of the 12 sediment samples were 

collected as background reference samples, one (SD-1) hydraulically upgradient of the facility's 

first outfall along Cow Pen Creek and one (SD-2) from a cove within Dark Head Creek. The 

remaining 10 sample locations (SD-3 through SD-12) are collected approximately 10 feet from the 

facility's shoreline near one or more of the facility's outfalls. 

The 12 sediment sample locations are shown on Figure 3-1. At least one of the sediment sample 

locations (SD-12) was located within an area recently impacted from a fuel oil spill originating on 

the adjacent Martin State Airport facility. 

3.2.2 Sediment Sampling Protocols March 2005 

Sediment samples were collected as grab samples using dedicated polyethylene trowels for 

shallow (less than 0.5 foot of water) sediment samples (SD-1, SD-3, and SD-4) and a 

decontaminated stainless steel ponar dredge for sediment sample locations collected in deeper 

water (SD-2 and SD-5 through SD-12). The stainless steel ponar dredge was decontaminated 

between sample locations, as described in Section 3.4. Upon sample retrieval, the initial sample 

volume was placed within the VOC sample container until no headspace remained. The 

remaining sample volume was then homogenized and placed within the other pre-cleaned sample 

containers supplied by the analytical laboratory. The collected samples were submitted for 

analysis for VOCs using Method 8260B; SVOCs using Method 8270C; Total Priority Pollutant 

Metals using Method 6020; PCBs using Method 8082; and hexavalent chromium using Method 

7 196A. 

During sampling, the collected sediment samples were lithologically and visually characterized for 

color, sorting, grain size, and other pertinent characteristics. Sorting was determined by observing 

the grain-size distribution. Grain size was determined by comparing grains of soil to a grain-size 

TETRA TECH: LOCKHEED MARTIN MIDDLE RIVER COMPLEX, SURFACE WATER AND SEDIMENT SAMPLING REPORT PAGE 3-3 



chart. In addition, the depth to the bottom of the surface water body was measured using a 

weighted tape. All sediment sampling information was documented on the sediment sample 

sheets included in Appendix A. 

3.2.3 Sediment Sampling October 2005 

A total of 50 sediment samples were collected during this investigation. A total of 30 sediment 

sample locations, designated SD-13 through SD-42, were sampled from Cow Pen Creek and Dark 

Head Cove to provide data sufficient to evaluate the horizontal distribution of chemicals of 

concern detected in March 2005. At all 30 locations, surficial sediments (i.e., the top 

approximately 6 inches of unconsolidated material) were collected. At 9 of the 30 locations 

(SD-13, 14, 16, 19, 27,28,29,40, and 42), samples were also collected at depths of approximately 

1 and 2 feet below the sedimentlsurface water interface. Sample locations selected for coring were 

in relatively close proximity to the shoreline of the LMC MRC and were intended to confirm 

previous sample results and to evaluate the vertical distribution of chemicals. 

3.2.4 Sediment Sampling Protocols October 2005 

Sediment samples were collected as grab samples from Cow Pen Creek and Dark Head Cove 

using a stainless steel dredge or coring device from locations at depth. All reusable equipment 

was decontaminated between sample locations, as described in Section 3.4. Upon sample 

retrieval, the initial sample volume was placed within the VOC sample container until no 

headspace remained. The remaining sample volume was homogenized and placed within the 

remaining sample containers supplied by the analytical laboratory. Samples collected from depths 

of 1 and 2 feet beneath the surface water interface were collected by utilizing a barge-mounted 

vibracore system to collect an approximately 3-inch-diameter core. Each core sample was 

retrieved in a dedicated disposable polyethylene bag. All samples were submitted for analysis for 

VOCs using Method 8260B; SVOCs using Method 8270C; Total Priority Pollutant Metals using 

Method 6020; PCBs using Method 8082; and hexavalent chromium using Method 7196A. In 

addition, 14 samples (nine surface sediments and six from 2- and 3-foot depths) were also 

analyzed for total organic carbon (TOC) following the Lloyd Kahn method. Twelve sediment 
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samples were analyzed for Alkyltins during the October 2005 investigation primarily to determine 

if dibutyltin was present due to its possible historical use as an algal growth inhibitor in paint. 

During sampling, the sediment was logged to describe the color, sorting, grain size, and any other 

pertinent soil characteristics. Textural properties of the soil were determined by using tables 

specified in the ASTM D2488-00 method. Sorting was determined by observing the grain-size 

distribution. Grain size was determined by comparing grains of soil to a grain-size chart. In 

addition, the depth to the bottom of the surface water body was measured using a weighted tape. 

All information was documented on sediment sample forms (see appendix A). 

3.3 SAMPLE NOMENCLATURE AND HANDLING 

Laboratory-submitted samples were identified using a "SW" or "SD" prefix, identifying the 

sample medium, followed by a sequential numeric number identifying the sample location, 

followed by the sample date. An example would be SD-2-03 1805 for a sediment sample collected 

from location 2 on March 18, 2005. 

Proper custody procedures were followed throughout all phases of sample collection and handling. 

Chain-of-custody protocols were used throughout sample handling to establish evidentiary 

integrity of sample containers. After collection, the samples remained in the custody of the 

samplers until they were picked up by a representative of the analytical laboratory. 

3.4 EQUIPMENT DECONTAMINATION 

All non-disposable sampling equipment was properly decontaminated between sample locations. 

Disposable items such as polyethylene hand trowels and disposable polyethylene core sample bags 

were properly discarded after each sample location. 

The stainless steel ponar dredge and vibracore steel sample tube were decontaminated according 

to the following procedure: 

Loose sediment was brushed off with a steel-bristle brush. 
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Equipment was then washed in a non-phosphate detergent solution using plastic scrub 
brushes. 
The equipment was then rinsed with distilled water and isopropanol and allowed to air dry. 

DATA VALIDATION 

All chemical data was validated in accordance with the United States Environmental Protection 

Agency (EPA) Region IT1 procedures for validation established in the National Functional 

Guidelines. Data validation fulfills three basic functions: (1) it serves as an independent Quality 

Assurance check of the veracity of laboratory results; (2) it is a means of evaluating laboratory 

performance and determining the impact of noncompliance on the data; and (3) lends interpretive 

guidance for the proper usage and limitations of the data through the use of data qualifiers. 

Data validation memoranda are generated to explain the findings of the data evaluation process 

and interpret actions taken on the data and limits of the data usability. They present the qualified 

analytical results and include support documents as necessary discussing problems areas and 

noncompliance and supporting the validation actions taken. The full data validation memoranda 

are included in Appendix C. 
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Section 4 

HUMAN HEALTH RISK 
ASSESSMENT 

INTRODUCTION 

4.1.1 Purpose and Objectives 

The purpose of this human health risk assessment (HHRA) is to evaluate the likelihood that 

individuals exposed to the chemical concentrations in the sediments and surface water adjacent to 

the MRC could experience adverse health effects. The objective is to provide sufficient 

information to allow for identification of areas with the potential for unacceptable risks to 

potentially exposed individuals and as a tool to support further actions or the need for remedial 

actions. 

4.1.2 Scope of the Human Health Risk Assessment 

The HHRA was designed and conducted to conform to State and federal risk assessment policies 

and guidelines. Primary sources of guidance include the MDE's Cleanup Standards for Soil and 

Ground Water (August, 2001) and the MDE's Voluntary Cleanup Program Guidance Document 

(September, 2005). The HHRA also makes use of EPA Region 3 risk assessment guidance and 

EPA's Risk Assessment Guidance for Superfund as appropriate. 

The risks, expressed both for cancer and effects other than cancer (noncancer hazards), were 

conservatively derived for specific exposure scenarios assuming reasonable maximum exposure 

(RME) conditions. The RME risk estimates are derived using methodology and assumptions that 

have been for the most part standardized for use by risk managers and regulators. This approach 

provides a means by which to prioritize sites, to make remedial decisions, and also to determine 
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acceptable cleanup levels. The risk estimates in the HHRA are upper bound estimates; the true 

risks are more likely to be lower. 

This HHRA provides RME risk estimates for hypothetical recreational use of the portions of Cow 

Pen Creek and Dark Head Cove that are adjacent to the MRC. RME estimates of cancer and 

noncancer risks were derived for an individual's contact with sediment and surface water during 

recreational activities such as wading and swimming. Using sampling data, activity factors, and 

other exposure assumptions, the model assumes that the RME individual receives intakes of 

chemical substances present in sediment and surface water from ( I )  incidental ingestion and (2) 

absorption through the skin. The following receptors and routes of exposure are assessed in this 

HHRA: 

Media: Sediment and surface water 
Receptors: Recreational visitors or residents - adult, youth, and child 
Exposure Pathways: Incidental ingestion and dermal contact 

The HHRA is similar to a Superfund Baseline Risk Assessment in that it does not a priori assume 

any physical or engineering controls or remediation that would serve to limit or reduce the levels 

of exposure. For decision making, RME risk estimates are typically compared to policy-based 

values for presumptively acceptable risk. The MDE has set an upper end threshold at risk levels 

of 1 in 100,000 (i.e., 1x10-" for carcinogens (cancer risk) and a hazard quotient (HQ) of 1 for 

noncarcinogens. 

The HHRA was based on data from sediment and surface water sampling conducted in March and 

October 2005. Further information on the site history and characterization activities can be found 

in Sections 2.0 and 3.0 of this report. The HHRA consists of the following: 

Data evaluation and selection of chemicals of potential concern (COPCs). 

Identification of potential current and future human activities in Cow Pen Creek and Dark 
Head Cove and potential routes of exposure to chemicals in environmental media. 

Assumptions related to the level of exposure by pathway and receptor type and the 
associated numerical estimates known as exposure factors. 
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Evaluation of the toxicity of COPCs. 

Characterization of the risk posed by environmental conditions in the media assessed to 
potential receptors engaged in activities that result in exposure. 

Discussion of the uncertainty in the underlying assumptions, parameters, and numerical 
risk estimates. 

Section 4.2 describes the data evaluation and screening procedure used to identify COPCs, and 

Section 4.3 describes the exposure assessment. Section 4.4 presents the toxicity values for 

COPCs. Section 4.5 presents the risk characterization and results of the risk assessment. Section 

4.6 discusses some of the uncertainties associated with the risk estimates. Section 4.7 presents the 

conclusions of the risk assessment. 

4.2 IDENTIFICATION OF CHEMICALS OF POTENTIAL 

CONCERN 

4.2.1 Data Evaluation 

This HHRA was based on data from sediment and surface water investigations conducted in 2005. 

Figure 4-1 collectively shows the sampling locations utilized during these investigations. The 

sediment samples were collected from three depths: surface (0 to 6 inches), 1 foot below the water 

surface and 2 feet below the water surface. 

The data from previous investigations were reviewed to ensure that the quantity and quality of the 

analytical data were suitable for risk assessment purposes. The data validation reports for the 

samples used in this HHRA can be found in Appendix C. 

Validated sampling data were processed as follows: 

All samples with data qualifiers UR and B were removed from the dataset because they 
represent unreliable/unusable results or possible laboratory contamination. 

All units for sample results were converted to mglkg. Non-detects (validation qualifiers of 
U, UL, or UJ) were converted to values representing one-half the sample quantitation 
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limit (sQL)'. Accordingly, throughout the HHRA, COPCs (defined separately for each 
medium) were assumed to be present in all samples at levels of not less than '/z the SQL. 

Three sediment sampling data sets were constructed: (1) surface sediment samples 
collected at depths of approximately 6 inches below the sediment surface, (2) subsurface 
sediment collected at about 1-foot depth, and (3) subsurface sediment samples collected at 
about 2-foot depth. 

Surface water data were assessed as a single dataset. 

4.2.2 Identi-fication of Chemicals of Potential Concern 

This section describes the methodology of the screening evaluation used to generate the list of 

chemicals that was evaluated quantitatively in the risk assessment. The approach is consistent 

with the recommended methodology in the Risk Assessment: Technical Guidance Manual 

(EPA Region 3,2003). 

Sediment COPCs 

Table 4-1 shows the list of analytes detected in sediment. Table 4-1 forms the basis for risk-based 

screening of all analytes: it shows the numbers of samples collected, the numbers of samples with 

detectable concentrations, the ranges of detected concentrations, the maximum reported 

concentrations, and the residential risk-based concentrations (RBC) for soil published by MDE or 

EPA Region 3. During the screening process, analytes were compared to MDEIEPA Region 3 

RBCs for residential soils (in the absence of any published RBCs for recreational use involving 

contact with sediment), adjusted as necessary to reflect the following screening-level target risk 

levels: 

The lower end of EPA's presumptively acceptable cancer risk range, a 1 in one million 

(1x 1 o - ~ )  probability of cancer. 

AnHQofO.1. 

The lowest RBC for the above target risk values were adopted as the screening values. 

1 The sample quantitation limit is the quantity reported by the laboratory for results that have been flagged with a 
non-detect qualifier. 
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COPCs were selected according to the following protocol: 

Analytes with maximum detected concentrations in sediment that exceeded the residential 
soil RBCs were retained for quantitative risk evaluation and considered COPCs for the risk 
analysis. 

Analytes detected at least once but whose highest concentration was less than the RBC 
were eliminated from further consideration. 

Analytes never detected at concentrations greater than the SQL, signifying that the 
chemical cannot be confirmed to be present in the sample but may exist at a concentration 
less than this SQL, were not carried through the quantitative risk evaluation but are 
evaluated separately in the discussion of uncertainties. 

Analytes with no RBCs are discussed in the discussion of uncertainties. 

Analytes that were either never detected, whose concentrations are less than the RBC, or for which 

an RBC is not available were excluded from quantitative evaluation in the HHRA. The results for 

analytes that were never detected (i.e., all laboratory results indicated concentrations less than the 

laboratory's quantitation limit) were additionally evaluated by comparing their sample SQLs to 

their RBCs; those with SQLs that exceed the RBCs are identified on Table 4-2. These analytes 

were not carried forward in the HHRA because there is no evidence that they were actually present 

in the sediments and the range of SQLs for these is compared to the RBC values. The 

implications for risk associated with these analytes are discussed separately in the HHRA's 

discussion of uncertainties. 

Based on the results of this sediment screening process, the COPCs in sediment, as shown in 

Table 4- 1, are as follows: 

Seven metals: antimony, arsenic, cadmium, chromium, mercury, thallium, and vanadium. 

Five members of the family of organic compounds know as polycyclic aromatic 
hydrocarbons (PAHs), benzo(a)pyrene, benzo(a)anthracene, benzo(b)fluoranthene, 
dibenzo(a,h)anthracene, and indeno( l,2,3-cd)pyrene. 

One PCB isomer: Aroclor- 1260. 
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4.2.1 .I Surface Water COPCs 

The surface water samples from Cow Pen Creek and Dark Head Cove were analyzed for inorganic 

constituents, VOCs, SVOCs, and PAHs. Because no relevant published RBCs for recreational use 

of surface water could be found, any analyte detected at least once in surface water was considered 

a COPC. Table 4-3 lists the surface water COPCs and their concentration ranges, numbers of 

analyses, and numbers of detections. 

Based on the results of the surface water screening process, the COPCs in surface water are as 

follows: 

Fourteen metals: antimony, arsenic, barium, beryllium, cadmium, chromium, copper, lead, 
mercury, molybdenum, nickel, selenium, silver, and zinc. 

Two SVOCs: bis(2)ethylhexyl phthalate and di-n-buty phthalate. 

Five VOCs: acetone, carbon disulfide, chloroform, methyl tert-butyl ether (MTBE), and 
trichloroethene. 

The exposure assessment identifies and describes potentially exposed human receptors, develops 

exposure pathways, and estimates chemical concentrations at the point where a human receptor 

could come into contact with surface water and sediments in these surface water bodies [i.e., 

exposure point concentrations (EPCs)]. 

4.3.1 Conceptual Site Model 

The HHRA postulates a hypothetical recreational use of Cow Pen Creek and Dark Head Cove. 

The conceptual site model includes an individual who either lives at or visits the area and engages 

in wading and swimming activities that result in contact with sediment and surface water. 
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4.3.2 Potential Exposure Pathways 

An exposure pathway is the mechanism by which a human receptor is exposed to chemicals from 

a source. The four elements of a complete exposure pathway are as follows: 

A source of chemical release. 
A mechanism of release through a transport medium. 
A point of contact between the potential receptor and the transport medium, e.g., ingestion 
of sediment. 
A potential receptor, i.e., the individual. 

If any one of the four elements is missing, the exposure pathway is considered incomplete. Only 

complete exposure pathways would result in exposures. The pathways assessed in the HHRA are 

assumed to be complete for both future users and any current users of the water bodies. The first 

two criteria are assumed to be satisfied, i.e., a source islwas present and the release has occurred. 

The receptor and point of contact are also assumed to be present. The exposure pathways for an 

individual using the water bodies recreationally evaluated in this HHRA are as follows: 

Incidental ingestion of surface water and sediments 
Dermal contact with surface water and sediments 

Inhalation of volatile substances in surface water while swimming, although a potentially 

complete pathway, is considered to be negligible compared with potential exposures from the 

above pathways. 

Inhalation of sediment particles is also deemed negligible and has not been evaluated in this 

HHRA as the sediments present are saturated, in most cases under 10 or more feet of water. 

4.3.3 Current and Future Receptors 

There are no site-specific data to characterize any current recreational users of the water bodies. 

Therefore, a single individual receptor is evaluated in this HHRA: an individual who recreates as a 

child, as a youth, and then as an adult over the duration of exposure. (The assumption that the 
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receptor is exposed over this age range results in higher cancer risks than if the receptor was 

exposed as a youth then adult or as an adult only). 

4.3.4 Quantification of Exposure 

This section describes the quantification of the chemical intake or exposure doses. These 

exposure doses provided the basis for subsequent risk calculations using dose-response 

relationships. The RME approach was used to provide an estimate of the maximum exposure that 

might occur (EPA, 1989). Under the RME scenario, the intent is to conservatively quantify an 

exposure that is still within the range of possible exposures. 

Estimation of Concentration at the Point of Exposure 

For each COPC, an upper confidence limit (UCL) of the mean concentration was used to estimate 

the concentration at the point of exposure (i.e., EPC). The UCL, typically the 95 percent UCL, 

provides reasonable confidence that the true site average will not be underestimated (EPA, 1992). 

The ProUCL software from the EPA National Exposure Research Laboratory, Environmental 

Sciences, was used to calculate the UCL values. The ProUCL software performs the necessary 

statistical tests and recommends an appropriate UCL value. (It generates a recommended value 

for the UCL depending on the distribution of the data that can be one of several statistical 

quantities including, the 95 percent UCL, the 97.5 percent and 99 percent UCLs or the maximum 

value detected or higher.) As a matter of protocol, Tetra Tech has taken the EPC to be the lower 

of either the UCL value recommended by ProUCL or the maximum detected concentration. 

UCLs were generated for all COPCs in surface water using all available data. UCLs for sediment 

were computed for each of the three depth zones evaluated (surface, 1 foot, and 2 feet). The UCLs 

were based on the transformed data sets including surrogate values of '/z the laboratory reported 

SQLs for COPCs in samples for which the laboratory reported a non-detect result. 

Tables 4-4, 4-5, and 4-6 provide the COPC and sampling location-specific concentrations 

(including surrogate values for non-detects) for surface, 1-foot and 2-foot sediments respectively. 
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Similarly, Table 4-7 provides the surface water COPC concentrations. These tables also show the 

UCL values derived from the location-specific concentrations as explained above. 

4.3.4.2 Exposure Parameters 

The recreational activities at Cow Pen Creekmark Head Cove are postulated to be wading and 

swimming with associated contact with sediments and surface water. The exposure assessment 

requires derivation of lifetime and average daily doses (the product of the concentration and the 

intake). Estimation of the magnitude of the doses requires knowledge of or assumptions regarding 

an individual's contact rate with the chemical in the media and the exposure pathways considered. 

These exposure factors consist of activity patterns and other receptor-specific parameters. 

Examples of exposure factors include exposure frequency (days exposed per year), exposure 

duration (years exposed), ingestion rates for soil, skin area exposed for dermal absorption, and 

body weights. 

The RME case is assumed to involve repetitive use of the water bodies over a period of 30 years (a 

standard residential scenario exposure duration representing an upper bound on nationwide 

residential occupancy periods). The receptor is modeled as a 15 kg child for 6 years, a 40 kg 

youth for 12 years, and as a 70 kg adult for the remaining 12 years. The RME individual is 

assumed to recreate and swim for 4 days per week for the four summer months (June through 

September). This exposure frequency of 70 days per year is assumed to apply to each year of the 

30-year duration, i.e., a total of 2,100 days of exposure. The exposure assessment algorithms and 

parameter values are presented in the Tables 4-8 through 4- 13. 

The equations for ingestion and dermal contact with sediment are shown on Table 4-8. The 

algorithms and receptor-specific values such as sediment ingestion rates, sediment to skin 

adherence factors, and skin-sediment contact areas are the same as the EPAlMDE default RME 

values for exposures to soil. EPA's recent dermal assessment guidance (EPA, 2004) recommends 

this approach with certain caveats. These limitations and sources of uncertainty are discussed in 

the section of this report on uncertainties. Table 4-10 provides the receptor-specific exposure 

factors for sediment exposure, and Table 4-12 provides the COPC-specific factors for sediment 

exposure assessment. 
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For surface water, the algorithms for ingestion and dermal contact follow the approach outlined in 

MDE's Cleanup Standards for Soil and Ground Water (2001). The equations used and receptor- 

specific exposure factors are shown in Tables 4-9 and 4-1 1, respectively. Table 4- 13 provides the 

COPC-specific factors for surface water exposure assessment. 

TOXICITY ASSESSMENT 

Toxicity assessment addresses the ability of a compound, at an administered dose, to elicit an 

adverse human health response. For risk assessment purposes, toxic chemical effects were 

separated into two categories of toxicity: carcinogenic effects and noncarcinogenic effects. This 

division relates to the currently held scientific opinion that the mechanisms of action for these 

endpoints differ. For carcinogens, it is assumed, likely conservatively, that any level of exposure 

has a finite possibility of causing cancer and that a single exposure to a carcinogenic chemical will 

result in an increased probability of developing cancer. Therefore, according to this theory, there 

is no threshold dose for carcinogenic effects. For a chemical exhibiting noncarcinogenic effects, 

there is an assumed threshold dose for these effects. This threshold concept view of 

noncarcinogenic effects holds that a range of exposures up to some defined threshold can be 

tolerated by humans without appreciable risk of harm. 

For quantitative risk assessment, the cancer potency of an agent considered carcinogenic is defined 

by a cancer slope factor (CSF). The CSF is an estimate of the slope of the tumor dose-response 

curve. To ensure an adequate margin of safety, the CSF is the 99 '  percentile upper-bound 

confidence level of the slope of the tumor dose-response curve. Thus, the actual slope factors 

estimating carcinogenic potency could be lower, but are not likely to be higher. 

The noncarcinogenic, or threshold, health effects of a chemical are evaluated using a reference 

dose (RfD) approach. A RfD is a conservative estimate of the daily intake of a chemical 

(milligram of chemical per kilogram body weight per day) that is without appreciable risk of any 

threshold health effects in humans, including sensitive subpopulations (women of child-bearing 

age and children). 
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The numerical estimates of cancer and noncancer potency via oral administration for COPCs 

(toxicity factors), namely the oral CSFs and oral noncancer RfDs, respectively, used in this HHRA 

were obtained from the most recent version of EPA Region 3's RBC Table, which was updated in 

October 2005. Oral toxicity factors were adjusted for the dermal exposure pathway in accordance 

with the recommended approach of EPA Region 3's Updated Dermal Exposure Assessment 

Guidance (2003), which incorporates by reference EPA's Risk Assessment Guidance for 

Superfund (Part E) (2004). 

Tables 4-13 and 4-14 provide the toxicity factors for ingestion (oral) and dermal exposure for 

COPCs in sediment and surface water, r e ~ ~ e c t i v e l ~ ~ . ~ .  

RISK CHARAC'TERIZATION 

This section describes how calculated exposure doses were integrated with the toxicity criteria to 

yield estimates of potential health risks. Risk characterization involves the integration of health 

effects information, developed as part of the dose-response assessment, with exposure estimates 

developed as part of the exposure assessment. The result is a quantitative estimate of 

non-threshold carcinogenic risks, as well as a quantitative estimate of chronic and noncarcinogenic 

hazards based on the presumption that a threshold dose is required to elicit a response. 

The EPA considers a risk range of 1 in 10,000 to 1 in 1,000,000 (1 x to 1 x as a target 

range within which to manage human health risk [40 Code of Federal Regulations (CFR), 

Section 300.430(e)(2)(i)(A)] (EPA, 1991). It is generally accepted that risks greater than this 

range require attention. The one-in-a-million level of risk is often referred to as the "de minimis" 

2 The toxicity factor for chromium measured as total chromium in sediments and surface water was adjusted to that of 
a mixture of six parts trivalent chromium (Cr 111) to one part of the more toxic form hexavalent chromium (Cr VI) -- 
this is the ratio assumed by EPA Region 9 for total chromium in its Preliminary Remediation Goal (PRG) table. Cr 
VI was detected in 6 of 62 sediment samples, and the ratios of CR I11 to Cr VI in these samples varied from 7: 1 to 
about 700:l. The assumption that a 6:1 ratio exists in all samples is conservative when compared to actual site 
conditions; however, even with this assumption, chromium does not have a large influence on the results of the 
HHRA. 

3 For mercury, the toxicity factors combine both elemental mercury, which has an RfD for inhalation only, and methyl 
mercury, which has an oral RfD only. Both RfDs are assumed to apply, meaning that the form of mercury in the 
environment could be either elemental or methyl (or mercuric chloride because the RfD for methyl mercury is lower 
than the RfD for mercuric chloride). 
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level of risk; human health risks below this range would not require attention. The MDE's upper 

end threshold is 1 in 100,000 (i.e., 1 x for carcinogens (cancer risk), or a hazard index (HI) of 

1 .O for noncarcinogens. 

4.5.1 Carcinogenic Risk Estimates 

The theoretical excess lifetime cancer risk is an estimate of the increased risk of an individual 

developing cancer as a result of exposure to the COPCs at specified daily dosages averaged over a 

lifetime of 70 years. Lifetime daily intakes, using an averaging time of 70 years, effectively 

prorate the total cumulative dose over a lifetime. This approach is based on the assumption that a 

high dose of carcinogens received over a short period of time, at any age, is equivalent to a 

correspondingly low dose received over a lifetime. The excess lifetime cancer risk was estimated 

for each assumed carcinogen using the following equation: 

Excess Cancer Risk = Exposure Dose x CSF 

The equations on Tables 4-9 and 4-10 present this equation with the exposure dose shown in terms 

of individual parameters. 

4.5.2 Noncarcinogenic Effects 

The HQ is the ratio of the estimated exposure dose to the RfD and is used to evaluate 

noncarcinogenic health effects due to exposure to a constituent. An HQ greater than 1 indicates 

that the estimated exposure dose for that constituent exceeds the RfD. Although an HQ of less 

than 1 suggests that noncarcinogenic health effects would not occur, an HQ of greater than 1 is not 

necessarily an indication that adverse effects will occur. The noncancer risk was estimated for 

each agent with potential noncarcinogenic adverse health effects using the following equation: 

Noncancer H Q  = Exposure Dose / R@ 

The equations on Tables 4-9 and 4-10 present this equation with the exposure dose shown in terms 

of individual parameters. 
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The sum of the HQs is termed the HI. Summing HQs across all chemicals and across all pathways 

assumes that all human health effects are additive. Because this assumption is not necessarily 

accurate, when an HI exceeds 1.0, it is acceptable to re-examine the health effects and to segregate 

the individual HQs on the basis of target organ or mechanism of action. 

4.5.3 Results of the Risk Characterization 

4.5.3.1 Risks Associated with Exposures of a Recreational User to Sediment 

Risk estimates for cancer and noncancer endpoints were computed for recreational exposure to 

surface and all sediments (surface, 1-foot and 2-foot depths). The aggregate risks, which are the 

sums of ingestion and dermal risks across all COPCs, for the age-integrated (child-youth-adult) 

receptor are shown in the table below. 

These values were developed using UCL-based exposure concentrations and RME exposure 

assumptions. The pathway- and COPC-specific risks that make up these aggregate values are 

provided in Tables 4-16 (surface sediment) and 4-17 (all depths). The difference between surface 

and all (surface and subsurface) sediment exposure risks is small due in part to a greater number of 

surface samples than subsurface samples; the combined risks are slightly higher than for the 

surface alone because higher concentrations of chemicals in subsurface samples result in an 

increase in EPCs. The following discussion is limited to surface sediments because these are 

deemed more likely to represent exposures to recreational users; however, the general conclusions 

are not altered by this decision. 

From the surface sediment values on Table 4-16, it can be seen that the primary contributors to the 

estimated cancer risks are as follows: 
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Arsenic via ingestion, with a risk of 4.5 x 31 percent of the total cancer risk. 

PAHs via ingestion, which, treated as a group, contribute a risk of 4.3 x lo", 29 percent of 
the total cancer risk. 

Aroclor-1260 via ingestion and dermal contact, with risks of 2.6 x and 1.1 x lo", 18 
percent and 8 percent of the total cancer risk, respectively. 

The same contributing COPCs are found in the cancer risk estimates for surface and subsurface 

sediment combined (Table 4- 17). 

The primary contributors to the estimated noncancer HI in surface sediment are as follows: 

Vanadium via ingestion and dermal contact, with HQs of 0.15 and 0.16, which, 
respectively, make up, 21 percent and 23 percent of the total noncancer HI. 

Cadmium via ingestion, with an HQ of 0.12, 17 percent of the total noncancer HI. 

Other metals, including chromium via dermal contact (10 percent) and arsenic via 
ingestion (10 percent), make up the remainder. 

The same contributing COPCs are found in the noncancer risk estimates for surface and 

subsurface sediment combined (Table 4-17). 

Tables 4-18 through 4-23 provide risk values for COPCs in surface sediment at each sampling 

location. Tables 4-1 8 and 4-19 show the values for cancer and noncancer risk based on combined 

ingestion and dermal contact. Tables 4-20 through 4-23 divide the risks by route of exposure, for 

example, Table 4-20 provides the risk values for cancer via ingestion. Figures 4-2 though 4-4 

show the sampling locations with symbols color coded according to the levels of "risk" associated 

with each sampling point. Figures 4-5 and 4-6 show the relative contributions of risk-driving 

chemicals at each point for cancer and noncancer endpoints, respectively. Figures 4-7 and 4-8 

provide the total risk estimates for each sampling point in the l-foot depth and 2-foot depth 

subsurface sediments. 
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It should be noted that these risk estimates calculated for individual sampling points should not be 

construed as risk estimates for the receptor because it is not reasonable to assume that the receptor 

receives his or her entire exposure, over a number of years, at a single point. The location-specific 

tables and associated figures are intended as a tool for a remedial manager to identify relative risk 

contributions at each point across the horizontal and vertical extents of the sampling and to aid in 

decisions concerning any remedial actions. The UCL-based risk estimates given in Tables 4-16 

and 4-24 more accurately represent the various concentrations to which a receptor would be 

exposed over time and should therefore be considered the risk assessment results for sediment 

exposure. 

Risks Associated with Exposures of a Recreational User to Surface 

Water - 

Risk estimates for cancer and noncancer endpoints were computed for recreational exposure to 

surface water. The aggregate risks, which are the sums of ingestion and dermal risks across all 

COPCs for the age-integrated (child-youth-adult) receptor, are shown in the table below. 

These values were developed using UCL-based exposure concentrations and RME exposure 

assumptions. The pathway- and COPC-specific risks that make up these aggregate values are 

provided in Table 4-24. 

Table 4-24 shows that the primary contributor to the estimated cancer risks from exposure to 

surface water is bis(2-ethylhexyl) phthalate via dermal contact, with a risk of 7.2 x which 

makes up 80 percent of the total cancer risk. 
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The primary contributors to the estimated noncancer HI in surface sediment are as follows: 

bis(2-Ethvlhexyl) phthalate via dermal contact, with a hazard quotient of 0.08, is responsible 
for 53 percent of the total noncancer HI. 

Antimony and arsenic via dermal contact and ingestion make up 15 percent and 7 percent of 
the total HI, respectively. 

Similarly to sediments, Tables 4-25 through 4-30 and the associated Figures 4-9 through 4-13 

provide "risk" values for COPCs in surface water at each sampling location. Again, it should be 

noted that these risk estimates calculated for individual sampling points should not be construed as 

risk estimates for the receptor because it is not reasonable to assume that the receptor receives all 

of his or her exposure at a single point. The UCL-based risk estimates more accurately represent 

the potential exposures and should be considered the risk assessment results for surface water 

exposure. 

4.5.4 Discussion of Results 

The findings of the HHRA suggest that the potential exposures of a recreational user to Cow Pen 

Creek and Dark Head Cove in this area result in a cancer risk that is within the acceptable risk 

range of 1 x to 1 x but that exceeds the MDE threshold level of 1 x 10". The combined 

cancer risk to an individual exposed to both sediment and surface water as a child, youth, and 

adult over a period of 30 years as was assumed in this HHRA is estimated at approximately 2.4 x 

The sum of the HIS for sediment and surface water is estimated at 0.85. 

Primarv COPCs in Sediment 

As described in Section 4.6.1, the primary cancer contributing chemicals in sediment are arsenic, 

PAHs, and the PCB Aroclor-1260. The magnitude and relative contribution to the total cancer 

risks from these chemicals can be seen in Figure 4-5. The following observations are made: 

Arsenic contributes significantly to the aggregate risk estimates, typically accounting for 
about 30 percent of the cancer risk, or levels in the region of 5 x 10". As can be seen in 
Figure 4-5, the contribution of arsenic to risks at most sampling locations is about 50 
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percent, with PAHs accounting for the remainder. Arsenic is a naturally occurring metal 
and is therefore expected to be present in sediments independent of anthropogenic sources. 
The UCL concentration was calculated to be 8.6 mgkg in surface sediments. The UCL in 
sediments at the 1-foot depth is 7.5 mgkg and at the 2-foot depth is 5.7 mgkg. To further 
aid in this analysis, the concentrations of arsenic in surface sediments are presented on 
Figure 4- 14. 

Aroclor-1260 is significant contributor locally, especially in the vicinity of sampling 
location SD-9, where in itself it represents a "risk" of approximately 5 x lo-'. The level of 
impact in this area, near the shore and in what is perhaps a logical place for recreational 
activity, can be seen to be much higher than other areas of the water body. The 
concentrations of Aroclor- 1260 in surface sediments are presented on Figure 4- 15. 

The concentrations and absolute and relative risk contributions of PAHs can also be seen 
in Figure 4-5 to be elevated nearer the shore in the vicinity of SD-9 compared to other 
areas, but the difference is not as marked as for Aroclor-1260. Concentrations of the most 
toxic of the PAHs, benzo(a)pyrene, are presented on Figure 4-16. 

Lead is also present in sediments. Although the concentrations of lead did not exceed MDE's soil 

cleanup standard for residential exposure (400 mgkg), examination of the concentration map 

shown in Figure 4-17 shows that lead was detected in sediments at levels that generally exceed 

those found in soils during site characterization of the MRC. 

With respect to noncancer risks, as described in Section 4.6.1, the metals vanadium, cadmium, 

chromium, and arsenic are the primary contributors. All of these can be expected to be present in 

background samples and therefore, to the extent that any remedial actions are influenced by the 

noncancer risk estimates, the range of background concentrations for these metals should be 

carefully considered. 

4.5.4.2 Primarv COPCs in Surface Water 

As described in Section 4.6.2, the primary cancer contributing chemical in surface water is 

bis(2-ethylhexyl) phthalate. This compound is a common laboratory contaminant and its presence 

in surface water is suspect. Nonetheless, the magnitude and relative contribution to the total 

cancer risks from this chemical and the other carcinogens evaluated in this medium (arsenic, 

MTBE and trichloroethene) can be seen in Figure 4-12. The SVOC bis(2-ethylhexyl) phthalate is 

the primary concern at all sampling locations. The contribution to the aggregate UCL cancer risk 
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estimate (9.0 x 10.~) from the other carcinogens detected is less than 2 x 10.~. The aggregate 

cancer risk falls within the MDE's acceptable risk range, suggesting that no action is required. 

With respect to noncancer risks, as described in Section 4.6.2 and as can be seen in Figure 4- 13, 

metals, specifically antimony and arsenic, are the main contributors. However, because of the low 

overall HI for surface water (0.15), noncancer endpoints are unlikely to drive any remedial actions 

in surface water, and no further discussion of these risks is warranted. 

Although lead was not quantitatively evaluated, the maximum lead concentration in surface water 

of 5 pg/L (see Table 4-3) is less than the lead action level for drinking water of 15 pg/L. 

To the extent that COPCs identified in surface water have also been detected in shallow 

groundwater nearby, the potential for groundwater to influence the concentrations in surface water 

currently and in the future and the implications for risk should be evaluated. This issue is 

identified as a source of uncertainty in the risk estimates. 

UNCERTAINTY 

4.6.1 Uncertainties in the Risk Assessment 

This section discusses the major sources of uncertainties involved in the process of quantifying 

risk for the human receptors evaluated in this HHRA. Because risk estimates are based on a 

combination of measurements and assumptions, it is important to provide information on sources 

of uncertainty in risk characterization. The following subsections describe the main sources of 

uncertainty associated with the risk estimates of the HHRA. 

4.6.2 Uncertainties in the Exposure Assessment 

A prevailing uncertainty in the exposure assessment lies in the estimation of chemical intake or 

dose. Possible variability in the concentration at the point of exposure is a significant factor in the 

uncertainty of the risk estimates. In most cases, the EPC (UCL value) is at an upper percentile of 

the distribution of measured concentrations values, if not the maximum detected value. Therefore, 
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to the extent that the UCL value over predicts the average of the underlying distribution of 

concentrations, the calculated risks and HIS are likely to be overestimated. 

The HHRA's approach to COPC identification screens out from further consideration of analytes 

that were never detected in a particular medium. This could serve to underestimate risk if the 

analytical SQLs for theses analytes exceed the risk-based screening levels. If this was the case, 

the analyte could be present in the medium at levels that would present a risk or contribute to the 

total risk estimate. Table 4-2 presents the list of analytes that were never detected in sediment and 

the range of laboratory SQLs for each analyte. It can be seen in Table 4-2 that the low ends of the 

ranges for all analytes do not exceed the RBCs; the high ends of the ranges in some cases exceed 

the RBCs. Typically however, the majority of the analyses for any one analyte achieved a SQL 

lower than the RBC, and it is therefore believed that the exclusion of these analytes is appropriate. 

Inclusion of analytes on the basis of instances of higher than normal SQLs would likely bias the 

risks high and lead to misleading results. 

The HHRA modeled exposure to sediments in the same manner as the risk assessment guidance 

recommends for contact with soils. EPA's dermal risk assessment guidance (2004) suggests this 

approach but points out the following considerations: 

Sediment samples used for risk assessment should be located in the same areas as the 
receptor is likely to contact. Sediments evaluated should include those that are exposed for 
some time. This HHRA considered all areas of sediment in determining the EPCs. Based 
on knowledge of the water bodies, it is believed unlikely that any significant area of 
sediment is subject to being uncovered with the possible exception of the northern reaches 
of Cow Pen Creek within the study area. In general, the primary COPCs are concentrated 
in samples collected from Dark Head Cove in which water depths are typically 8 to 12 feet. 

EPA points out that sediments covered by considerable amounts of water are subject to 
being washed off of the receptor. To the extent that sediments are washed off, the dermal 
absorption model applied in this HHRA may overestimate risks. 

Conversely, to the extent that the derivation of the EPC does not reflect actual exposures to 
near-shore sediments and to the extent that these zones have higher concentrations relative 
to other areas, the UCL-based risks may be underestimated. Based on the location-specific 
risk maps (e.g., Figure 4-2), the sediments near the shore in Dark Head Cove (from the 
southernmost point to the east) are on balance more impacted than other areas, but the 
reverse is seen in Cow Pen Creek to the west. In addition, it should be noted that the 
shoreline separating Dark Head Cove and the land is mostly a bulkhead, and sediments are 
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not uncovered in these areas of the Cove. The mapping of location-specific "risk" 
estimates is intended to allow the remedial manger to assess the differences in the 
conditions in discrete areas of sediment including those nearer the shoreline. 

The effect of the moisture content of sediments, which is typically greater than that of 
soils, will influence the adherence of sediment to the skin. However, the effect on the 
internal dose of increased adherence will likely be counterbalanced by the degree to which 
sediments are washed off during and after contact. There is insufficient information to 
predict the level of possible over- or under-estimation of risk associated with this source of 
uncertainty. 

The amount of chemical in adhered sediment that absorbs has been assumed to equal that 
absorbed after soil exposure. This assumption, recommended by EPA dermal guidance as 
a default approach, is a source of uncertainty because the potential for absorption may be 
different depending on whether the matrix is soil or sediment. The magnitude of this 
uncertainty is likely chemical specific and not readily quantifiable. 

With respect to dermal contact with PAHs in sediment, the quantitative assessment does not 

include the effect these compounds might have on the skin. PAHs can result in skin damage 

including formation of warts and blisters. The potential for this effect is not addressed in this 

HHRA and is an acknowledged uncertainty. 

A large source of uncertainty in the risk assessment is the use of generic exposure factors related 

to the frequency and durations of recreational activities. In the absence of any site-specific data, it 

was assumed that the recreational users spend 70 days recreating in this area, during which 2 hours 

will be spent swimming. This frequency of exposure was assumed to be repeated every year for 

30 years. While the extent of any current or future recreational activities is unknown, it is 

believed that the assumed frequency of contact, 2,100 days in a lifetime, is sufficiently high as to 

not underestimate the highest reasonably anticipated exposures. 

4.6.3 Uncertainties in the Toxicity Assessment 

This HHRA used standard toxicity factors in the calculation of risks. The toxicity factors are 

designed to provide a margin of safety and therefore their use can be expected to result in 

overestimates of any true risks. 
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4.6.4 Uncertainties in the Risk Estimates 

The estimated carcinogenic and noncarcinogenic risks are based on the assumption that effects are 

additive. It is recognized in the scientific community that chemical mixtures could have 

antagonistic or synergistic effects. If there are synergistic rather than additive effects, the 

aggregate risks could be underestimated. 

This HHRA does not determine the potential source of COPCs. Background conditions have not 

been specifically considered in the HHRA. Several of the COPCs are metals that can be expected 

to be present naturally in soils and sediments. Other COPCs including PAHs, which in this case 

although likely not naturally occurring, are recognized to be ubiquitously present at some level in 

the environment particularly in urban settings. The exposure concentrations of COPCs represent 

the "total" exposure potential of the media evaluated. 

The HHRA is based on data that are potentially subject to change in the future. It assumes long- 

term exposure whereas the data necessarily reflect a snapshot of conditions. The results of the 

HHRA would change depending on future trends of concentrations of COPCs in the sediment and 

surface water. Because the area including MRC is known to contain plumes of contaminants, 

including chlorinated organic compounds, in shallow groundwater, the extent to which the 

groundwater conditions might influence sediments and surface water in the future should be 

considered and is a source of uncertainty in the estimation of long-term exposure future risks. 

There are many factors that have to be enumerated to perform a quantitative risk assessment, each 

having an associated level of level of uncertainty that will contribute to the overall uncertainty in 

the risk estimates. This report cannot address every possible source of uncertainty, but it has been 

designed to produce risk estimates that have levels of uncertainty similar to typical risk 

assessments conducted using default parameter values recommended by current guidance. As 

such, the level of uncertainty in the estimates provided in this report should be comparable to that 

produced by risk assessments conducted for other sites. 
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4.7 CONCLUSIONS 

The risk characterization for potential exposures to the sediments in the vicinity of MRC resulted 

in theoretical cancer risk estimates for the RME case that exceed the MDE's threshold level of 

1 x lo-' but are within EPA7s presumptively acceptable risk range of 1 x to 1 x 10.~. The 

cancer risk estimates for potential exposure to surface water fall below the MDE cancer risk range. 

Non cancer effects in recreational users are deemed unlikely since the hazard index for sediment 

and surface water exposure (for all compounds and exposure routes combined) at 0.85 is below a 

value of 1, the point of departure for potential adverse health effects. 

The risk estimates for exposure to sediments indicates the following primary contributors: arsenic, 

PAHs and, locally, PCB mixture Aroclor 1260. Each of these are discussed below. 

Arsenic. Arsenic is a naturally occurring metal which is expected to be present in soils and 
sediments in Maryland. Figure 4-14 depicts the results for arsenic. The levels range up to 
12.5 mglkg. The concentrations may be reflective of naturally occurring background but 
are slightly higher than the range for soils at MRC. The figure shows low concentration in 
Cow Pen Creek and the higher levels in Dark Head Cove. The concentrations in Dark 
Head Cove may be reflective of a higher background concentration in sediments compared 
to soils. This may be due to the presence of greater amounts of organic matter in 
sediments. 

Pol~cvclic aromatic Hydrocarbons (PAHs). PAHs are a group of approximately 10,000 
carbon-based chemical compounds that either occur naturally in coal, crude oil, and 
gasoline or are man-made. Examples of the most common PAHs are anthracene, 
benzo(a)pyrene, benzo(b)fluoranthene, and fluoranthene. They are found in many 
materials including asphalt, coal tar, crude oil, creosote, roofing tar, gasoline, motor oil, 
and a number of other products. Most direct releases of PAHs to the environment are to 
the atmosphere from both natural and anthropogenic (man-made) sources. Such releases 
occur primarily through the incomplete burning of carbon-based materials such as coal, oil, 
gas, wood, charcoal, tobacco, or garbage. Sources of PAHs in soil and water include 
atmospheric deposition, improper disposal of used motor oil, outdoor burning activities 
(e.g. charcoal barbeques), municipal wastewater, and discharges of industrial effluents. 
Atmospheric deposition after local and long-range transport is believed to be the main 
source of PAHs in most soils. However, the primary sources of PAHs in soils along roads 
are vehicular exhausts and emissions from the wearing of tires and asphalt. Other potential 
sources include sewage sludge disposal, gasoline, motor oil, soil compost, and fertilizers. 
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Figure 4-16 shows concentration of the most toxic PAH, benzo(a)pyrene. The data 
highlights some areas near the shore and at the far northeastern end of Dark Head Cove 
with the highest benzo(a)pyrene concentrations which suggest a localized impact from 
adjacent land or more likely from storm water outfalls in these locations. 

Polvchlorinated Biphenyls (PCBs). PCBs are not naturally occurring but their widespread 
historical use in the United States and their persistence in environment means that they are 
widespread and often found in sediments. As shown on Figure 4-15, there is an area of 
PCB impact in Dark Head Cove in the vicinity of sample locations SD-9 and SD-27; PCBs 
are also detected but at lower levels in the sediments along the bulkhead extending from 
SD-22 to SD-13 and in some samples from the middle portion of Dark head.Cove. 

It should be stressed that there is considerable uncertainty associated with the exposures assumed 

in this HHRA. The sediments at the site are for the most part underwater. That this will serve to 

reduce or even eliminate the levels of exposures assumed to occur via dermal contact and 

ingestion. The risk estimates are believed to be conservative in that they tend to overestimate any 

actual risks, in this case perhaps by a large margin. This uncertainty should be borne in mind if 

the HHRA risk assessment results are to be used as a basis for remedial decision making for these 

water bodies. 
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Table 4-1 

COPCs in Sediment 
LMC Middle River Complex 

Recreational Use 

- Max< SL 

50 156E+03 - Max< SL 

62 3 13E+03 - Max< SL 

62 4 00E+02 MDE 4 00E+02 - Max< SL 

59 100E41 MDE 1 W E 4 1  COPC Max> SL 

50 3 91E+02 . Max < SL 

62 156EM3 - Max < SL 

53 3 91E42 - Max < SL 

55 3 91E+02 - MaxcSL 

57 5 48E+00 548E.01 COPC Mnxr  SL 

50 7 82E+01 7 82E+00 COPC Max > SL 

62 2 35E44 - Max <SL 

62 2 35E+02 - Max< SL 

METHYLNAPHTHALENE 58 313E+02 - Max< SL 

50 4 69E+03 - Max< SL 

58 4 70E+02 

58 2 35E+04 - Max <SL 

ENZO(A)ANTHRACENE 58 8 75E.01 875E.01 COPC Max >SL 

58 8 75E.02 875E.02 COPC Max>SL 

BENZO(B)FLUORANTHENE OS 0 18 10 49 58 8 75E.01 C 875E.01 COPC Max>SL 

BENZO(G H 1)PERYLENE 58 2 30E42 MDE 2 30E+02 - Max < SL 

BENZO(K)FLUORANTHENE 58 8 75E40 

BlS(2-ETHYLHEXYL)PHTHALATE 0s 0 078 3 4 49 58 456E+01 C 4 56E+01 - Max < S L  

B U N L  BENZYL PHTHALATE OS 58 3 36E+02 

58 3 19E+01 - Max <SL 

58 8 75E+01 - Max <SL 

OlBENZO(A,H)ANTHRACENE 0 8  0 18 1 1  7 58 8.75E.02 C 8.75E.02 COPC Max>SL 

DIBENZOFURAN 58 1 - Max c S L  

FLUORANTHENE 58 3 13E+03 - Max< SL 

58 3 13E+03 - Max < SL 

INDENO(1,2,3CD]PYRENE 58 B 75E41 875E.01 COPC Max>SL 

NAPHTHALENE 108 156E+03 - Max<SL 

PHENANTHRENE 58 2 30E+03 

58 2 35E+03 - MaxcSL 

1 2  DICHLOROBENZENE 119 7 04E+03 Max< SL 

1 3-DICHLOROBENZENE 119 2 35E+02 - Max<SL 

1 CDICHLOROBENZENE 112 2 €6E+01 

29 4 69E+04 

17 7 04E+04 - Max <SL 

CARBON DlSULFlDE 61 7 82E+03 - Max <SL 

CHLOROBENZENE 62 1 56E+03 - Max <SL 

CHLOROMETHANE 62 4 9 0 E 4 1  MDE 4 90E+01 - Max<SL 

CIS-1 2-DICHLOROETHENE 62 7 82E+02 - Max<% 

ISOPROPYLBENZENE 62 7 82E+03 - Max <SL 

METHYL TERT-BUTYL ETHER OV 62 160E+02 

SEC-BUTYLBENZENE 50 2 20E+02 - Max <SL 

TERT-BUTYLBENZENE 50 3 90E+02 

Notes: 
The analytes listed on this table do not include analytes tested for but never detected above laboratory detection limits 

(1) M = metal. OS = seml-volatile Organic; OV = volatile organic; PESTIPCB = Pesticide or PCB; PET = gasolineldiesel range hydrocarbons 

(2) Minimum and maximum detected values from database fields "VAL-RES" 

(3 )  Residential soil RBCs from the €PA R 3  RBC Table April 2005, except as noted in comments 

(4) SL = Screening Level: an RBC based on the lower of residential RBCs for a target cancer risk of 1x106 or a target non-cancer hazard of 0.1 

ND = never detecled 

If the target cancer risk on which the RBC is based exceeds the target hazard of 0.1; SL taken from EPA R 3  "alternate RBC table" 

"ND 1 SQL > SL" = chemical never detected but the SQL exceeds the SL in at least one sample; see report uncertainly section 



Table 4-2 

Analytes not detected in Sediment 
LMC Middle River Complex 

Recreational Use 
Page 1 of 2 

NITROBENZENE 1 8  N 3 81E+00 I I 1 
NNITROSODIMETHYLAMINE I 0s ( 0 . ~ 9  1.6 o 68 1.21E-02 ( c 1 1.26142 1 yes I NO 

N-hllTROS091NPROPYLAMlNE I 0 s  1 0.39 1 1.8 0 ! I S.12E-02 I C I 9.12E-02 I Yea I NO 



Table 4-2 

Analytes not detected in Sediment 
LMC Middle River Complex 

Recreational Use 
Page 2 of 2 

Notes: 
The analyies lhsted on this table do include analytes tested for but never detected above laboratory detect~on limits 

(1) M = metal; OS = semi-volatile organic: OV = volatile organic; PESTIPCB = Pesticide or PCB; PET = gasolineldiesel range hydrocarbons 

(2) Minimum and maximum detected values from database fields 'VAL-RES" 

(3) Residential soil RBCs from the EPA R3 RBC Table April 2005, except as noted in comments 

(4) SL = Screening Level: an RBC based on the lower of residential RBCs for a target cancer risk of 1x106 or a target non-cancer hazard of 0.1 

ND = never detected 

If the target cancer risk on which the RBC is based exceeds the target hazard of 0.1; SL taken from EPA R3 "alternate RBC table" 

"ND I SQL > SL" = chemical never detected but the SQL exceeds the SL in at least one sample; see report uncertainty section 



Table 4-3 
COPCs in Surface Water 

LMC Middle River Complex 
Recreational Use 

Notes: 

An analyte is cons~dered a COPC in surface water if it was detected at least once 

(1) M = metal; OS = semi-volatile organic; OV = volatile organic; PESTIPCB = Pesticide or PCB; PET = gasolineldiesel range hydrocarbons 



Table 4-4 

COPC Concentrations in Surface Sediment 
LMC Middle River Complex 

Recreational Use 
Page 1 of 4 

Surface Sediment Concentrations for COPCs 

0-6" depth range 

units: rnglKg 



Table 4-4 

COPC Concentrations in Surface Sediment 
LMC Middle River Complex 

Recreational Use 
Page 2 of 4 

Surface Sediment Concentrations f o ~  

0-6" depth range 

units: mglKg 



Table 4 4  

COPC Concentrations in Surface Sediment 
LMC Middle River Complex 

Recreational Use 
Page 3 of 4 

Surface Sediment Concentrations f o ~  

0-6" depth range 

units: mglKg 



Table 4-4 

COPC Concentrations in Surface Sediment 
LMC Middle River Complex 

Recreational Use 
Page 4 of 4 

Surface Sediment Concentrations f o ~  

04" depth range 

units: mglKg 

Notes 
" U C r  = Upper confidence llmlt on the mean (95% or higher) based on all results 

The concentratlons shown for each sampllng laallon are the a r l~ thmt~c  average of the results wlthln the depth range considered 

The concentrabon values tnclude assumed concentratlons for COPCs mat were not deteced In a sample, these concentraBons were assumed 13 equal 112 of the 
COPCs sample detecbon lhm~t 



Table 4-5 

COPC Concentrations in Subsurface (lft) Sediment 
LMC Middle River Complex 

Recreational Use 

Subsurface (Ift) Sediment Concentrations for COPCs 

lft depth range 

units: rnglKg 

Notes 
"UCL' = Upper confidence llmit on lhe mean (95% or higher) based on all results 

The concentrations shown for each sampling locallon are the artithmet~c average of the results within the depth range considered 

The concentrailon values include assumed wncentratlons for COPCs that were not deteced in a sample; these concentrattons were assumed to equal I D  of lhe 
COPCs sample detection l im~l 



Table 4-6 

COPC Concentrations in Subsurface (2ft) Sediment 
LMC Middle River Complex 

Recreational Use 

Subsurface i2ftI Sediment Concentrations for COPCs 

Zft  depth range 

units: mglKg 

Notes: 
"UCL" = Upper confidence llmn on the mean (95% ci higher) based on all results 

The wncentrat~ons shown for each sampling locat~on are the artlthmet~c averaged the results wlthln the depth range considered 

The concentrabon valws Include assumed wncentrat~ons for COPCs that were not deteced In a sample, these wncentral~ons were assumed to equal I R  d the 
COPCs sample det&on lhm11 



Table 4-7 

COPC Concentrations in Surface Water 
LMC Middle River Complex 

Recreational Use 

N*S 
"UCL' = upper m n f i d c m  lrma on the mean ,955 nlpnari be& on 811 mun.  

METHYL TERT-BUNL ETHER 

T k  canmrdrallon valves mmlude assumed comrdrstons lor C0PCbth.1 were no1 delead in a s a m e  L k  rnnoardrat8onr w e n  a-ed to e q u l  l n o l  the 
COPCr sample deledlon lnnn 

2 09E43 

TRICHLOROETHENE 

2 50143 

2.40E-03 

2 50E-03 

2 50E03 

2.50E-03 

2 50E-03 

2.50E-03 

250E-03 

2 50E43 

2 50E~03 

2 M E 4 3  

2 50E-03 

2 50E43 1 00E-03 

2 WE43 5 00E44 

1 00E43 

250E-03 5OOE-M 

1 00E-03 

500E-M 5 WE04 

2 WE03 

500E44 5 WE-M 

1 WE~O3 

3 OOE-04 

1 00E-03 

5 WE-M 

2 WE-03 

5 00E-M 500E-M 

2 00E-03 1 WE03 100E-03 



Table 4-8 

Risk Equations Sediment 
LMC Middle River Complex 

Recreational Use 

C.xIR,xEFxEDxCSF,,xCF 
Cancer Risk = 

BW x AT, 

C,xIR,xEFxEDxCF 
Non-Cancer Risk = 

RfD. x BW x AT., 

Where. 

BW = Body Weight 
AT,, = Averaging Time Non-Carcinogens 

AT, = Averaging Time Carcinogens 

CSF,, = Oral Cancer Slope Factor 1 l(mg1kg-day) 

RfD,, = Oral Reference Dose - Chronic mglkg-day 

C, = Concentration in sediment 
IR, = Ingestion Rate 

EF = Exposure Frequency 
ED = Exposure Duration years 
CF = Conversion Factor kglmg 

Dermal Contact with Sediment 

C , x S A x A F x A B S x E F x E D x E V x C S F d x C F  
Cancer Risk = 

BW x AT, 

BW = Body Weight kg 
AT,, = Averaging Time Non-Carcinogens days 

AT, = Averaging Time Carcinogens days 

CSF, = Dermal Cancer Slope Factor Il(mg1kg-day) 

RfD, = Dermal Reference Dose - Chronic mglkg-day 

C, = Concentration in sediment mglkg 

EF = Exposure Frequency dayslyear 
EV = Event Frequency eventslday 
ED = Exposure Duration years 
CF = Conversion Factor kglmg 
SA = Sk~n  Surface Area Exposed cmz 
AF = Adherance Factor mglcm2-event 

ABS = Dermal Absorption Factor unitless 

C , x S A x A F x A B S x E F x E D x E V x C F  
Non-Cancer Risk = 

RfD, x BW x AT,, 

W e r e :  



Table 4-9 

Risk Equations Surface Water 
LMC Middle River Complex 

Recreational Use 

C w x I R w x E T x E F x E D x C S F , x C F  
Cancer Risk = 

BW x AT, 

C w x I R w x E T x E F x E D x C F  
Non-Cancer Risk = 

RfD, x BW x AT,, 

Where: 

BW = Body Weight 

AT,, = Averaging Time Non-Carcinogens 

AT, = Averaging Time Carcinogens 

CSF, = Oral Cancer Slope Factor ll(mg1kg-day) 

RfD, = Oral Reference Dose - Chronic 

Cw = Concentration in surface water 

Irw = Ingestion Rate 
ET = Exposure Time 
EF = Exposure Frequency dayslyear 
ED = Exposure Duration years 
CF = Convers~on Factor Llmg 

Dermal Contact with Surface Water 

C w x S A x K , x E F x E D x E T x C S F d x C F  
Cancer Risk = 

BW x AT, 

C ,xSAxK,xEFxEDxETxCF 
Non-Cancer Risk = 

RfD, x BW x AT,,, 

Where. 

BW = Body Weight kg 
AT,, = Averaging Time Non-Carcinogens days 

AT, = Averaging Time Carcinogens days 

CSF, = Dermal Cancer Slope Factor ll(mg1kg-day) 

RfD, = Dermal Reference Dose - Chronic mglkg-day 

C, = Concentration in surface water mglL 

EF = Exposure Frequency dayslyear 
ET = Exposure Time hrlday 
ED = Exposure Duration years 
CF = Conversion Factor Llcm3 
SA = Skin Surface Area Exposed cmZ 
K, = Permeability Coefficient cmlhr 



Table 4-1 0 

Exposure Factors Sediment 
LMC Middle River Complex 

Recreational Use 

Notes: 

a EPA, 1989 Risk Assessment Guidance for Superfund, Vol. 1, Part A 

b MDE, 2001 Cleanup Standards for Soil and Groundwater 

c EPA, 2003 Region 3 Technical Guidance Manual--Updated Dermal Exposure Assessment Guidance 

d Assumed recreational use 70 days per year for 30 years total duration 



- 
Z m o o n  



Table 4-1 2 

COPC Physical-Chemical Factors Sediment 
LMC Middle River Complex 

Recreational Use 

Dennal Absorption 

Notes: 

a EPA Region 3 (2003) Region 3 Technical Guidance Manual--Updated Dermal Exposure Assessment 
Guidance ~http://www.epa.gov/reg3hwmdlrisklhumanlinfoldermalag.htm~ 
b EPA (2004) Risk Assessment Guidance for Superfund (RAGS), Vol. I, Part E, Supplemental Guidance for 
Dermal Risk Assessment 



Table 4-1 3 

COPC Physical-Chemical Factors Surface Water 
LMC Middle River Complex 

Recreational Use 

Notes: 

a EPA (2004) Risk Assessment Guidance for Superfund (RAGS), Vol. I, Part E, Supplemental 
Guidance for Dermal Risk Assessment 

b Oak Ridge National Laboratory (ORNL) Risk Assessment Information System (RAIS) 
<http://risk.lsd.ornI.gov> 



Table 4-14 

COPC Toxicity Factors Sediment 
LMC Middle River Complex 

Recreational Use 

factor for dermal Reference Dose Dennal Cancer 

Notes: 

a EPA (2005) Region 3 RBC Table ~http.llw.epa.gov/reg3hwmd/risk/humanhndex.htm~ 

b EPA (2004) Risk Assessment Gu~dance for Superfund (RAGS), Vol. I, Part E, Supplemental Guidance for Dermal Risk Assessment 

c Used Oral RfD, adjusted as necessary by dermal adjustment factor using the formula RfDd = RfDo x ABSGI (in accordance with EPA, 2004 RAGS E 8 EPA Region 3 Guidance) 

d Used Oral SF, adjusted as necessary by dermal adjustment factor using the formula SFd = SFo 1 ABSGl (in accordance with EPA, 2004 RAGS E 8 EPA Region 3 Guidance) 

na = no adjustment recommended by EPA RAGS E l  EPA R3 

e Toxlcity factors for chromium are based on EPA Region 3 toxicity factors for trivalent chromium and hexavalent chromium assuming a 6 1  ratio (Crlll:CrVI) exists In soils 



Table 4-15 

COPC Toxicity Factors Surface Water 
LMC Middle River Complex 

Recreational Use 

Notes. 

a EPA (2005) Region 3 RBC Table <http:/~.epa.govlreg3hwmdlrisk~humanAndex.htm~ 

b EPA (2004) Risk Assessment Guidance for Superfund (RAGS). Vol. I. Part E, Supplemental Gu~dance for Dermal Risk Assessment 

c Used Oral RtD, adjusted as necessary by dermal adjustment factor using the formula RfDd = RfDo x ABSGl (in accordance with EPA, 2004 RAGS E 8 EPA Region 3 Guidance) 

d Used Oral SF, adjusted as necessary by dermal adjustment fador using the formula SFd = SFo / ABSGl (in accordance wlth EPA. 2004 RAGS E 8 EPA Region 3 Guidance) 

na = no adjustment recommended by EPA RAGS E l  EPA R3 

e Toxic~ty factors for chromium are based on EPA Region 3 toxicity factors for trivalent chromium and hexavalent chromium assuming a 6.1 ratio (Crlll:CrVI) exists In soils 

f mercury assumed presnt in either elemental or methymercury form - toxicty factor ass~gned reflects the most toxic of the hvo forms 



Table 4-1 6 

Cancer and Non-Cancer Risks 
Surface Sediment 

LMC Middle River Complex 
Recreational Use 

Medium: Sediment 
Receptor: Child-Youth-Adult Recreational 
Depth Range: Surface 

Note: cancer risks for combined child-youth-adult exposure; non-cancer risks are those for the child only 

6.8E-01 

Hazard 
~uo t len t  

(IntakelRfd) 
Un~tless 

1 81E-03 
-- 6 18E 03 

132E-02 
6 47E 02 

-- --- 5 71E 04 
9 9 8 E - 0 4  
1 57ECI- 

~~ -- 

- - ~~ 

-- 

2.44E-01 
-- 

9 69E 03 
736E02 - - 
1 18E 01 - 
3 01E-02 
2 04E 02 
3 56E-02 

- -  

145E-01 

- 

-- 

- 

---- -- 

- 

4.33E-01 

Total Cancer Risk 1.5E-05 

Cancer 
R~sk 

(SF x Intake) 

. -- --- 

- 4 08E 07 

- - 

--- 

8 51E 08 . 

813E-07 
1 21E-07 

5 M E - E  
1 02E-07 

- 1 12E-06 
-- 

3.21 E-06 
- 

.~ 451E06 - 

- 

-- 

-- 

1 1 7 E 0 7 -  

-. - 2 08E 0 6  
3 09E-07 - 
1 4 4 E  06 
2 60E-07 
2 64E-06 

1.lSE-05 

Slope 
Factor 
(SF) 

l/(mg/kg day) 

- 

15Ec00 

- - 

- 

--  

7 3E-01 
- 7 3E+00 
7 3E-01 

73E+00 
7 3E-01 
2 0E+00 

~ - 

15E+00 - 

- 

- 

- 

~ -- 

- 7 3 E 0 1  
73E+00 
7 3E 01 - 
7 3E+00 

-- -- 7 3E-01 
- 2 0E+00 

Total Non-Cancer Hazard 

Exposure 
Route 

- 

0 

(Total) 

g 

- 

(Total) 

Intake 
(Non Cancer) 

mgkg-day 

- -- 

l l E E  
1 9E 06 
1 7E-07 ~- - - 

1 3-05 
. -- 57E 08 
. 7 0 E 0 8  -~ 

4 1 E-06 
~ -- 80E 07 

76E07  
1 1E 06 
5 3E 07 
9 5E 07 
3 8E-06 

~ - 

3 9E 06 
22E05  
5 9E-05 

6 2 E  -~ 

20E-06 --- 

2 5E-06 - -  -- 

15E-0.I 
- 22E06 
- 2 1E06 

3 1E-06 
14E 06 -~ 

2 6E 06 

9 7 L E  

Chemical 
of Potential 

Concern 

~. 
ANTIMONY 

- ~ 

ARSENIC 
- - -~ 

CADMIUM 
- -. 
CHROMIUM 
MERCURY 

- - - - - 
THALLIUM -- 
VANADIUM 
- 

BENZO(A)ANTHRACENE 
BENZO(A)PYRENE -- 
BENZO(B)FLUORANTHENE 
DIBENZO(A H)ANTHRACENE 
INDENO(1 2 3 CD)PYRENE 
- 

AROCLOR 1260 
- 

- 

ANTIMONY 
ARSENIC - 
CADMIUM 
CHROMIUM 

- -  - . 
MERCURY 
- - - - -- . 

THALLIUM 
- 

VANADIUM -- 

BENZO(A)ANTHRACENE 
BENZO(A)PYR% 
BENZO(B)FLUORANTHENE 
D I B E N Z ~ A  H)ANTHRACENE 
INDENO(l2 3 CD)PYRENE 
AROCLOR 1260 . - - - - - - - 

Exposure 
Po~nt 

Concentrat~on 
(UCL) 
w/Kg 

152E+O1 
063E+00 
2 31Ei01 -- 

- 2 44E+02 

- - 7 97E-01 
9 7 6 E 1  - 
5 69E+01 
8 55E-01 

8 l 6 L O l -  
1 21 E+00 
5 66E 01 
1 02E+00 
380E+0> - 

1 5 2 ~ + 0 0  
8 63E+00 - 

2 31E+01 
2 4 4 E + 0 1  
7 97E 01 
- 9 76E 01 

5 69E+0l - 

8 55E-01 
- 8 16E-01 
121E+00 - 

. 5 66E-01 

1 ~~+~ 
3 8 0 E + y  - 

Reference 
Dose 
(Rfd) 

mglkg day 

6 OE 05 
3 0E-04 

1 3E-05---- 
- 2 7E-04 
I OE-04 
7 0E-05 

~- -- 2 6E-05 

-- 

4 0E-04 
-- 3 OE 04 

-~ 5 0E-04 
- 2 1E02 
1 OE-04 -- 

- 70E-05 
x E 0 3  

---- 
-~ 

- -- -- . 

Intake 
(Cancer) 

mglkg-day 

1 6E-08 
- -- 
- 2 7E-07 

-. 2 4* 
26E f f i  

~~ 

8 4E 09 - 
1 0 E  08 
- 6 0E-07 
1 2 E 0 7  
1 l E  07 
1 7E 07 
7 7E-08 

1 4E-07- 
- 5 6E-07 

-- 

5 3E-07 

30E-06 
~ 80E-06 

8 5E 05 - 

2 8E-07 
- -  -- 

34E-07 
2 OE 05 

3 3-07 
2 8 E 0 7  

-- 4 2E 07 
~ 

2 0%- 
3 6E 07 
1 3E 06 



Table 4-1 7 

Cancer and Non-Cancer Risks 
Surface and Subsurface Sediment 

LMC Middle River Complex 
Recreational Use 

Medium: Sediment 
Receptor: Child-Youth-Adult Recreational 
Depth Range: All Depths (surface, Ift, 2ft) 

Exposure 
Route 

- 
m 

0 

(Total) 

c 
.-4 

v, 

c - 

(Total) 

Total Cancer R~sk  

Chemlcal 
of  Potent~al 

Concern 

ANT~M~NV 
A E E  - -~ 

CAIJMllJM - - 
C ~ ~ O M l l J M  - - - ~ 

MERCURY 
THALLIUM 
VANADIUM 
BENZO(A)ANTHRACENE - 
BENZO(A)PYRENE 
-- - 

BENZO(B)FLUORANTHENE 
DIBENZO(A H)ANTHRACENE 
INDENO(1 2 3-CD)PYRENE 
A R O C X 1  260 
- 

- -- 

ANTIMONY 
- ~ 

ARSENIC 
CADMIUM 
CHROMIUM 
MERCURY 
- THALLSM 
VANADIUM - 
BENZO(A)ANTHRACE~E - 

BENZO(A)PYRENE 
-- - 

BENZO(6)FLUORANTHENE - 
DIBENZO(A H)ANTHRACENE 
INDENO(12 3 CD)P)PNE 
AROCLOR 1260 

1.8E-05 

Cancer 
R ~ s k  

(SF x Intake) 

-- 

-- ~~ 

3 61 E-07 
~~ -- 

- 

1 83E 06 
2 54E 07 - 

5 46E 07 
143E-07 
9 99E 07 

4.33E-06 
-- 

3 99E-06 - 

- 

- 

~~ ~ 

- 

--- 

4 84E-07 

4 6 8 E 0 6  
6 48E 07 

3 65E-07 

- 2 37E06  
1.39E-05 

Intake 
(Cancer) 

mglkg-day 

1 2E-08 
2 4E-07 
3 3E-08 

~ -- - 

3 9E-06 
~ -- -~ 

1 5E-08 
8 4E-09 
6 0E-07 

~- 2 6E-07 - 
2 5E-07 -. -- - -- 

3 5E-07 
~~ 

7 5E-08 
2 0E-07 -~ 

5 0E-07 

- -- - - 
3 9E-07 

- - - - -- 

2 7E-06 . 
1 1E-05 
-- 1 3E-04 ~~ 

5 1 E-07 
2 8E 07 
2 OE 05 
6 6 E 0 7  
6 4E-07 - -  

-~ 8 9E-07 
1 9E-07 
5 0E-07 
1 2E-06 

Exposure 
Polnt 

Concentrat~on 

(UCL) 
w/Kg 

1 l lE+00  
7 64E+00 . 

3 19E+01 
3 71 E+02 -- - - 

148E+00 
7 99E 01 
5 69E+Ol 
1 90E+00 
1 8 3 + 0 j  
2 55E+00 
5 49E-01 
1 44E+00 
3 40E+00 

- - -- - 

1 l lE+00  
~ - - - 

7 64E+00 
3 19E+01 
3 71 E+02 

1 %+g 
7 99E-01 
5 g E + g 1  

~ - 1 90E+00 
1 84E+00 
2 55E+00 

.~ 5 49E-01 - 
144E+00 
3 40E+00 

Slope 
Factor 

(SF) 
l / (mg/kg day) 

-~ 

1 5E+00 

- 

-~ 

7 3E-01 - 
7 3E+00 
7 3E 01 
7 3E+00 
7 3E 01 
2 0E+00 

-- 

- - - 

I c+!?'L 

~ 

-~ 

7 3E 01 
7 3E+00 - 
7 3E-01 
-- 

7 3E+00 
7 3E 01 
2 0E+00 

7.8E-01 

Hazard 
Quobent 

(IntakeIRfd) 
Unltless 

1=~-03 
5 47E-03 
1-83E-02 

9 B  
1 06E-03 
8 17E-04 
1 57E-01 

2.82E-01 

7 07E-03 
6 51 E-02 
1 63E-01 
4 58E-02 
3 77E-02 

- - . 
2 92E-02 
1$&01 
- 

- 

4.94E-01 

Total Non-Cancer Hazard 

Intake 
(Non-Cancer) 

mglkg-day 

7 9E-08 -- - 

1 6E-06 
2 3E-07 -~ 

2 7E-05 
1 1E-07 
5 7E 08 

~ 

4 1 E-06 
1 8E-06 1 9 0 E - ~ - - -  
1 7E-06 .. - 

2 4 H  -~ 

5 1 E-07 
1 3E 06 

~~ 

3 4E 06 

2 8E-06 

2 0 E  
8 2E-05 ~. 

-- 9 5E-04 
3 8E-06 - - -- 
2 B  -~ 

1 5E 04 . 
4 9E 06 

-- 4 7E-06 
6 5E-06 
14E-06 1 3 9 E 0 6 . - -  

. - 3 7E-06 
8 7E 06 

Reference 
Dose 

(Rfd) 
mglkg-day 

6 0 ~ 0 5  
3 0E-04 
-- 1 3E 05 

-- 2 7E-04 

~~ -- 1 OE-04 -. 

7 OJO? 
2 6E-05 

~~ 

~ 

- -- 

- 

4 0E-04 

~. -- 3 0E 04 - 

5 0E 04 - 

2 1E02 
1 OE-04 -- -~ 
7 0E-05 
1 OE-03 

-- - :- -- 
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Table 4-1 8 

Total Cancer Risk - Child- 
Youth-Adult Recreational 

Surface Sediment 

Chernlcal Type Sedlment Sedlrnent Sedlrnent Sedlrnent Sednrnent Sediment Sedlment Sodlment Sedlrnent Sedlment Sedlrnent Sedlment Sedlment Sedlrnent Sedlment 

ANTIMONY M 

ARSENIC 

CADMIUM 

CHROMIUM 

MERCURY 

THALLIUM M 

VANADIUM 

BENZO(A)ANTHRACENE 

AROCLOR-1260 PESTIPCB 3 8E-06 2 0E-08 1 6E-07 5 3E-08 2 3E-08 4 2E-07 5 3E-07 1 lE-07 3 7E-07 5 3E-05 1 3E-06 1 4E-06 1 8E-06 1 4E-06 4 8E-07 

Total: 1.6146 4.71-06 5.6146 3.8E-06 6.61-06 9.01-06 6.7146 4.41-06 7.31-06 6.61-06 1.3146 6.81-06 1.4145 2.0146 7.4E-06 

M = metal, 0s = $ern(-volat8le organlc. OV = volatlle organlc, 
PESTIPCB = Pestlclde or PCB 

,, ,, - - - no available potency factor for the rlsk endpolnt considered 

"na" = no ava~lable data I" database (not analyzed forldata 
re]ectedldata gap) OR chemical not detected ~n Parcel 



LMC Middle River Complex 
Recreational Use 

Page 2 of 3 

Table 4-1 8 

Tota l  C a n c e r  Risk - Child- 

Youth-Adult  Recreat ional  

Surface Sediment 

Location: SD-16 SD-16 SD-17 SD-18 SD-I9 SD-20 SD-21 SD-22 SD-23 SD-24 SD-26 SD-26 SD-27 SD-28 SD-29 

Chemical Type Sod~m.nl Sedlrnent Sedlrnent 5edirnent sedlrnent Sodlmont Sediment 5edirnent 5edbrnent Sedlmant Sednrnent Sediment sedlmsnt Scdlrncnt Sedlment 

ANTIMONY 

ARSENIC 

CADMIUM 

CHROMIUM 

MERCURY 

THALLIUM 

VANADIUM 

BENZO(A)ANTHRACENE 

BENZO(A)PY RENE 

Total: 1.6E46 1.2146 1.3E46 1.3E46 1.4146 1.2E46 1.1E46 1.4146 1.2E-06 4.9E46 7.3E46 1.3E46 3.OE46 2.8E46 1.1E46 

NOt.S: 
M = metal OS  = seml volatlle organlc OV = volatdle organtc 
PESTIPCB = Pestlclde or PCB 

,, ,, . - no ava~lable potency factor for the rlsk endpolnl cons~dered 

"na' = no avallabie data ~n database (not analyzed lorldata 
re)ectedldala gap) OR chemical not detected In Parcel 
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Table 4-1 8 

Total Cancer Risk - Child- 
Youth-Adult Recreational 

S u r f a c e  Sediment 

Chemical Type Sedlment Sedlment Sedlmenl Sodlment Sediment Sediment Sediment Ssdlment Sedlment Sediment Sediment Sediment Sediment 

ANTIMONY M 

ARSENIC M 5 8E-06 3 5E-06 6 9E-06 5 9E-06 3 BE-06 6 8E-06 5 5E-06 4 BE-06 5 5E-06 4 2E-06 4 9E-06 3 4E-06 2 4E-06 

CADMIUM 

CHROMIUM 

MERCURY 

THALLIUM 

VANADIUM 

BENZO(A)ANTHRACENE 

BENZO(A)PYRENE 

Total: 1.1E46 7.21-06 1.2146 1.2146 7.3146 1.OE46 9.31-06 9.6146 1.0146 7.61-06 9.3146 3.4146 2.41-06 

Holes - 
M = metal OS  = seml-volatile organlc OV = volatlle organlc 
PESTIPCB = Pesttclde or PCB 

, ,, - - - no avadlable potency lector fw the risk endpolnt cons~dered 

'na" = no available data ~n database (not analyzed forldata 
refectedidata gap) OR chemlcal not detected In Parcel 
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Table 4-1 9 

Tota l  N o n - C a n c e r  R isk  - Child-  

Youth-Adult  Recrea t iona l  

Surface Sediment 

Location: UCL SD-1 SD-2 SD-3 S D 4  SD-6 S D 4  SD-7 SO-8 SD-9 SD-10 SD-11 SD-12 SD-IJ SD-I~ 

Chemical TYPO Sediment Sodnmsnt Scd~ment Sediment Sod~mont Ssdlment Sediment Sediment Sodfmont Ssd~ment Sediment Sediment Sediment Sedlmont Sediment 

ANTIMONY M 1 1E-02 na na na 3 5E-02 na na na na na na na na 4 1E-03 7 3E-03 

ARSENIC 

CADMIUM 

CHROMIUM 

MERCURY 

THALLIUM 

VANADIUM 

BENZO(A)ANTHRACENE 

AROCLOR-1260 PESTIPCB 

Total: 6.8E-01 8.6142 1.7E-01 6.7142 2.4141 2.6E-01 4.1E41 1.1E41 1.2E41 2.OE-01 1.7E41 1.1E41 1.9E41 6.OE-01 1.9E-01 

Notes: - 
M = metal. OS = seml~volatlie organlc. OV = volatlle organlc 
PESTIPCB = Pestlclde or PCB 

' " = no avallabie potency factor for the rlsk endpolnt considered 

""a' = no available dala ~n database (not analyzed forldala 
re)ecled/dala gap) OR chemlcal not delected In Parcel 
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Table 4-1 9 

Total Non-Cancer Risk - Child- 
Youth-Adult Recreational 

Surface Sediment 

Location: SD-16 SD-16 SD-17 SD-18 SD-19 SD-20 SD-21 SD-22 SD-23 SD-24 SD-26 SD-26 SD-27 SD-28 SD-29 
- 

Chemical TYPO Ssd~ment Sedtm.nt Sednmont Sediment Sediment Sedmmsnl Sediment Sediment Ssdlmsnt Sediment Sediment Sediment Sediment Sediment Sediment 

ANTIMONY M 1 4E-02 5 0E-03 1 lE-02 1 3E-02 4 1E-03 1 1E-02 5 1E-03 5 1 E-03 4 7E-03 1 6E-03 2 7E-03 I IE-02 9 1E-03 4 7E-03 4 1E-03 

ARSENIC M 9 7E-02 8 9E-02 I IE-01 1 0E-01 7 6E-02 9 4E-02 8 7E-02 1 0E-01 1 0E-01 3 5E-02 4 7E-02 1 0E-01 6 8E-02 7 8E-02 7 7E-02 

CADMIUM 

CHROMIUM 

MERCURY 

THALLIUM 

VANADIUM 

BENZO(A)ANTHRACENE 

AROCLOR-1260 PESTIPCB 

Total: 6.4E-01 6.4E-01 6.7E-01 6.6E-01 6.1E-01 6.3E-01 4.3E-01 6.7E-01 6.4E-01 1.8E-01 2.6E-01 6.6E-01 7.6E-01 1.3E+W 6.6E-01 

Notes: - 
M = metal, OS = semi-volatile organtc, OV = volatile argane. 
PESTIPCB = Pestlclde or PCB 

,, ,, - 
- - no available potency factor for the rlsk endpofnt considered 

"na" = no available data In database (no1 analyzed foridata 
rejectedldata gap) OR chemical not detected In Parcel 



LMC Middle River Complex 
Recreational Use 
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Table 4-19 

Total Non-Cancer Risk - Child- 
Youth-Adult Recreational 

Surface Sediment 

Location: SD-30 SD-31 SD-32 SD-33 SD-34 SD-36 SD-36 SD-37 SD-38 SD-39 SD4O SD41  SD42  

Chemical T~ pe  Sediment Sediment Sediment Sediment Sediment Sedmment Sediment Sediment Ssdimmt Sediment Sediment Sediment Sediment 

ANTIMONY 

ARSENIC 

CADMIUM 

CHROMIUM 

MERCURY 

THALLIUM 

VANADIUM 

BENZO(A)ANTHRACENE 

BENZO(A)PYRENE 

BENZO(B)FLUORANTHENE 

DIBENZO(A,H)ANTHRACENE 

INDENO(1.2.3-CD)PYRENE 

AROCLOR-1260 

M 

M 

M 

M 

M 

M 

M 

0 s  

0 s  

0 s  

0 s  

0 s  

PESTiPCB 

NOb5: 
M = metal. OS = seml-volatile organlc. OV = volatile organlc. 
PESTiPCB = Pesticide or PCB 

, ,,- - - no available potency laclor for the rlsk endpoant considered 

"na" = no available data ~n database (not analyzed loridata 
re~ectedidata gap) OR chemlcal not detected m Parcel 
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Table 4-20 

Cancer Risk - Ingestion - Child- 
Y o u t h - A d u l t  Recreational 

Surface Sediment 

Location: UCL SD-1 SD-2 SD-3 SD-4 SD-6 SD4 SD-7 SD-8 SD-9 SD-10 SD-11 SD-12 SD-13 SD-14 

Chemical Type Sediment Sediment Sediment Sediment Sedlment Sediment Sediment Sediment Sediment Sodlment Sediment Sediment Sediment Sediment Sediment 

ANTIMONY M 

ARSENIC 

CADMIUM 

CHROMIUM M 

MERCURY 

THALLIUM 

VANADIUM 

BENZO(A)ANTHRACENE 

AROCLOR-I260 PESTIPCB 2 6E-06 1 4E-08 1 1E-07 3 7E-08 1 6E-08 2 9E-07 3 8E-07 7 7E-08 2 6E-07 3 8E-05 9 1E-07 9 8E-07 1 3E-06 9 8E-07 3 3E-07 

Total, 1.1E46 3 71-06 4.61-06 3.OE46 4.4146 6.9E46 6.3E-06 3 71-06 6.9E46 4.7E46 1.1EO6 6.61-06 1.1E46 1.6E46 6.7106 

NDbS: 
M = metal OS  = seml valatlle organlc OV  = volatlle organlc 

PESTIPCB = Pesllclde or PCB 

"-" = no ava~lable potency factor lor the rlsk endpoint considered 

"na" = no available data In database (no1 analyzed forldata 
rejecledldata gap) OR chemical not delecled In Parcel 



LMC Middle River Complex 
Recreational Use 

Page 2 of 3 

Table 4-20 

Cancer Risk - Ingest ion - Child- 

Youth-Adult Recreat ional  

Surface Sediment 

Location: SD-I6 SD-I6 SD-17 SD-18 SD-19 SD-20 SD-21 SD-22 SD-23 SD-24 SD-26 SD-26 SD-27 SD-28 SD-29 

Chemical TYPO Sediment Sediment Sediment Sedtmcnt Sedlmcnt Sediment Scdlment Sediment Sedtment Scd~mcnt Scdlment Sediment Scdlmcnt Scd~mcnt Scd~mcnt 

ANTIMONY 

ARSENIC 

CADMIUM 

CHROMIUM 

MERCURY 

THALLIUM 

VANADIUM 

BENZO(A)ANTHRACENE 

BENZO(A)PYRENE 

BENZO(B)FLUORANTHENE 

DIBENZO(A.H)ANTHRACENE 

INDEN0(1,2.3-CD)PYRENE 

AROCLOR-1260 

Total: 1.2E-06 9.7E-06 1.1E-06 1.0E-06 1.1E-06 9.61-06 8.7E-06 1.1E-06 9.8146 3.9E-06 6.8E-06 1.0E-06 2.2146 2.1E06 8.9E-06 

M = metal OS = seml-volallle organr, OV = volatlle organlc 
PESTiPCB = Pestlclde or PCB 

,, ,, . - - no available potency factor for the rlsk endpomt considered 

"na' = no available data I" database (not analyzed foridata 
re~ecledidata gap) OR chemlcai not detected ~n Parcel 



LMC Middle River Complex 
Recreational Use 
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Table 4-20 

Cancer Risk - Ingestion - Child- 
Youth-Adult Recreational 

Surface Sediment 

Location SD-30 S D J I  SD-32 SD-33 SD-34 SD-36 SD-36 SD-37 SD-38 SD-39 SD4O SD41 SD4Z 

Chem~cal Type Sedmment Sedlmrnt Sediment Sed6ment Sediment Sedlment Sedlment Sedlm.nt Sediment Sadlment Sedlment Sedlment Sedtmenl 

ANTIMONY 

ARSENIC 

CADMIUM 

CHROMIUM 

MERCURY 

THALLIUM 

VANADIUM 

BENZO(A)ANTHRACENE 

BENZO(A)PYRENE 

BENZO(0)FLUORANTHENE 

DIBENZO(A,H)ANTHRACENE 

INDENO(l.2.3-CD)PYRENE 

AROCLOR-1260 

M 

M 

M 

M 

M 

M 

M 

0s 

0s 

0s 

0s 

0s 

PESTIPCB 

Total: 9.3146 6.9146 9.91-06 9.6146 6.0146 8.9146 7.7146 7.8146 8.4146 6.31-06 7.6146 3.11-06 2.2146 

N01.5: - 
M = metal OS = semi-volatlle organlc OV = volatlle organlc 

PESTiPCB = Pestlclde or PCB 

,, , - - - no available potency factor for the rlsk endpolnt considered 

"na" = no available data ~n database (not analyzed forldata 
re)ecledidata gap) OR chemical not detecled In Parcel 
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Recreational Use 
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Table 4-21 

Non-Cancer Risk - Ingestion - 
Child-Youth-Adult Recreational 

Surface Sediment 

Location: UCL SD-1 SD-2 SD-3 SD-4 SD-6 S D 4  SD-7 SD-8 SD-9 SD-10 SD-11 SD-12 SD-13 SD-14 

Chemical Type Sediment Sedlment Sedlment Sediment Sodlment Sediment Sediment Sediment Sedbment Sedbment Sediment Sediment Sediment Sediment Sediment 

ANTIMONY M 9 7E-03 na na na 2 9E-02 na na na na na na na na 3 5E-03 6 1 ~ - 0 3  

ARSENIC M 7 4E-02 2 2E-02 4 9E-02 1 8E-02 2 8E-02 3 9E-02 4 1E-02 3 7E-02 5 0E-02 9 9E-02 8 0E-02 4 5E-02 8 3E-02 7 7E-02 3 4E-02 

CADMIUM M 1 2E-01 2 4E-03 4 0E-02 2 1E-03 1 0E-01 1 1E-01 1 8E-01 2 9E-02 2 6E-02 3 1E-02 2 5E-02 1 8E-02 3 0E-02 3 0E-02 1 8E-02 

CHROMIUM M 3 0E-02 1 lE-02 1 7E-02 1 3E-02 1 4E-02 2 5E-02 4 8E-02 9 5E-03 1 1 E-02 1 3E-02 1 lE-02 7 2E-03 1 3E-02 1 5E-02 9 2E-03 

MERCURY M 2 0E-02 1 8E-02 8 7E-03 2 0E-04 6 9E-04 2 6E-03 8 2E-03 2 1E-03 4 3E-03 7 7E-03 6 9E-03 5 4E-03 8 9E-03 1 2E-02 8 7E-03 

THALLIUM M 3 6E-02 5 3E-03 1 0E-02 5 1E-03 1 lE-02 7 7E-03 9 3E-03 8 4E-03 na 1 3E-02 1 2E-02 8 0E-03 14E-02 3 0E-02 1 2E-02 

VANADIUM M 1 5E-01 na na na na na na na na na na na na 14E-01 3 8 ~ - 0 2  

BENZO(A)ANTHRACENE 0s 

BENZO(A)PYRENE 0s 

BENZO(B)FLUORANTHENE 0s 

DIBENZO(A H)ANTHRACENE 0s 

INDENO(1 2 3-CD)PYRENE 0s 

AROCLOR-1260 PESTIPCB 

Total: 4.3141 6.91-02 1.2E-01 3.81-02 1.9E-01 1.8E-01 2.8E-01 8.61-02 9.1142 1.6E-01 1.4E-01 8.41-02 1.6E-01 3.1E-01 1.3E-01 

NObl: 
M = metal OS = sernl-volatile organlc, OV = volatile organlc 
PESTIPCB = Pest~code or PCB 

,, ,, . 
- - no avaolable potency factor for lhe rlsk endpolnl considered 

'na' = no available data ~n database (not analyzed forldata 
rejectedldata gap) OR chernlcal not detected ~n Parcel 



LMC Middle River Complex 
Recreational Use 
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Table 4-21 

Non-Cancer Risk  - Ingestion - 

Child-Youth-Adult Recreat ional  

Surface Sediment 

Location: SD-16 SD-16 SD-17 SD-18 SD-19 SD-20 SD-21 SD-22 SD-23 SD-24 SD-26 SD-26 SD-27 SD-28 SD-29 

Chemical TYPO Sediment Sednment Sediment Scdlmrnt Sedament Sednment Sediment Sedtment Sedlmont Sediment Sednment Sediment Sedtmcnt Sediment Sedlment 

ANTIMONY M 1 2E-02 4 3E-03 9 6E-03 1 1E-02 3 4E-03 8 9E-03 4 3E-03 4 3E-03 4 0E-03 1 4E-03 2 3E-03 9 6E-03 7 7E-03 3 9E-03 3 5E-03 

ARSENIC M 8 9E-02 8 2E-02 1 0E-01 9 6E-02 7 0E-02 8 7E-02 8 0E-02 9 5E-02 9 5E-02 3 2E-02 4 3E-02 9 4E-02 6 3E-02 7 2E-02 7 1E-02 

CADMIUM M 2 4E-02 2 6E-02 2 4E-02 2 4E-02 3 7E-02 2 8E-02 1 7E-02 2 7E-02 2 7E-02 8 2E-03 2 2E-02 2 9E-02 1 2E-01 2 0E-01 5 3E-02 

CHROMIUM 

MERCURY 

THALLIUM 

VANADIUM 

INDENO(l.2.3-CD)PYRENE 0s 

AROCLOR-1260 PESTlPCB 

Total: 3.3E-01 3.6E-01 3.6E-01 3.4E-01 3.1E-01 3.3E-01 2.7E-01 3.6E-01 3.3E-01 1.1E-01 1.6E-01 3.6E-01 4.3E-01 7.3E-01 3.9E-01 

Notes: - 
M = metal. OS = Seml-valatlle arganlc OV = valatlle arganlc, 
PESTIPCB = Pesl~ctde or PCB 

"-" = no available potency factor far the rlsk endpolnl considered 

'na" = no ava~lable data In dalabase (not analyzed forldata 
rejectedidata gap) OR chemlcai not detected ~n Parcel 
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Table 4-21 

Non-Cancer Risk - Ingestion - 
Child-Youth-Adult Recreational 

Surface Sediment 

Location: SD-30 SD-31 SD-32 SD-33 50-34 SD-36 SD-36 SD-37 SD-38 SD-39 SD4O SD41 SD42 

Chsmioal Type Sed~ment Sod~mont Sedlmenl Sediment Sediment Sedlment Sediment Sed~ment Sodlmonl Sediment Sedlment Sedlment Sadlment 

ANTIMONY M 4 0E-03 2 4E-03 5 5E-03 4 4E-03 2 3E-03 3 7E-03 4 0E-03 4 5E-03 4 0E-03 2 7E-03 3 9E-03 2 8E-03 2 8E-03 

ARSENIC M 8 6E-02 5 3E-02 1 0E-01 8 8E-02 5 7E-02 1 0E-01 8 2E-02 7 2E-02 8 3E-02 6 3E-02 7 3E-02 5 1E-02 3 6E-02 

CADMIUM M 2 0E-02 1 9E-03 1 5E-02 2 0E-02 1 9E-02 2 1E-02 2 4E-02 2 2E-02 2 8E-02 2 7E-02 1 2E-01 5 4E-02 1 7E-01 

CHROMIUM 

MERCURY 

THALLIUM 

VANADIUM 

INDENO(1.2.3-CD)PYRENE 0s 

AROCLOR-1260 PESTIPCB 

NOb5: 
M = melal OS = seml-volat~le organlc. OV = volatlle organlc. 

PESTIPCB = Peellclde or PCB 

" " = no available potency factor lor the risk endpolnt considered 

"na" = no available data In database (no1 analyzed forldata 
re)ecledldala gap) OR chemlcal not detected ~n Parcel 
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Table 4-22 

Cancer Risk - Dermal - Child- 
Youth-Adult Recreational 

Surface Sediment 

Location: UCL SD-I SD-2 SD-3 S D 4  SD-6 SD-6 SD-7 SD-8 SD-9 SD-10 SD-11 SD-12 SD-13 SD-14 

Chemical Type UCL SD-l Sedlrnent Sedlrnent Sedtment Ssdbment Sediment Sadlment Sednrnent Sedlrnsnt Sednment Sed~ment Sedlment Sednment Sed~ment 

ANTIMONY 

ARSENIC 

CADMIUM 

CHROMIUM 

MERCURY 

THALLIUM 

VANADIUM 

BENZO(A)ANTHRACENE 

BENZO(A)PYRENE 

BENZO(B)FLUORANTHENE 

DlBENZO(A,H)ANTHRACENE 

INDENO(1.2.3-CD)PYRENE 

AROCLOR-1260 

Total: 3.2146 1.0146 9.31-07 8.61-07 1.2146 2.01-06 1.3E-06 7.71-07 1.4146 1.8146 2.7146 1.3146 3.01-06 4.7146 1.6146 

NOt.2 
M = metal OS = seml volat~le organlc OV = volatlle organlc 
PESTiPCB = Pesllclde or PCB 

,. ,, - - - no avallable polency laclor for the rlsk endpolnt considered 

"na" = no avallable data ~n dalabase (not analyzed forldata 
rejectedldata gap) OR chemical not detected In Parcel 
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Table 4-22 

Cancer Risk - Dermal - Child- 

Youth-Adult Recreational 

Surface Sediment 

Location: SD-16 SD-16 SD-17 SD-18 SD-19 SD-20 SD-21 SD-22 SD-23 SD-24 SD-26 SD-26 SD-27 SD-28 SD-29 

Chemical Type sedlment Sedlmont Sediment sedment Sodlment sediment Sodlment Sodlmanl Sediment sedoment Sediment Sediment Sediment Sediment Sediment 

ANTIMONY M 

ARSENIC M 5 0E-07 4 5E-07 5 6E-07 5 3E-07 3 9E-07 4 8E-07 4 4E-07 5 3E-07 5 2E-07 1 BE-07 2 4E-07 5 2E-07 3 5E-07 4 0E-07 3 9E-07 

CADMIUM 

CHROMIUM 

MERCURY M 

THALLIUM M 

VANADIUM M 

Notes: - 
M = metal. OS  = semvolal~le organlc. OV = volallle organlc, 
PESTlPCB = Pesllclde or PCB 

,, ,, - - - no available potency factor lor Ihe rlsk endpotnt considered 

"na" = no available data ~n database (not analyzed forldata 
rejecledldata gap) OR chemlcai not detected ~n Parcel 
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Table 4-22 

Cancer Risk - Dermal - Child- 
Youth-Adult Recreational 

Surface Sediment 

LOCPtiOn: SD-30 SD-31 SD-32 SD-33 SD-34 SD-36 SD-36 SD-37 SD-38 SD-39 SD4O SD41 SD42  

Chemical Type Sedlment Sediment Sedlment Sediment Sad~ment Sedlment Sedlment Sediment Sedlment Sed~ment Sediment Sediment Sediment 

ANTIMONY 

ARSENIC 

CADMIUM 

CHROMIUM 

MERCURY 

THALLIUM 

VANADIUM 

BENZO(A)ANTHRACENE 

BENZO(A)PYRENE 

BENZO(B)FLUORANTHENE 

DiBENZO(A.H)ANTHRACENE 

INDENO(1.2.3-CD)PYRENE 

AROCLOR-I260 

Total: 2.11-06 1.3146 2.0146 2.21-06 1.3146 1.6146 1.61-06 1.7146 1.8146 1.31-06 1.6146 2.81-07 2.01-07 

NObS: 
M = metal. OS = seml-volatlle organlc OV = volatlle organlc 
PESTiPCB = Pesllclde or PCB 

,. ,, - - - no ava~lable potency faclor for the risk endpolnl considered 

""a" = no available data I" database (not analyzed foridala 
rqectedidata gap) OR chemical not detecled ~n Parcel 
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Table 4-23 

Non-Cancer Risk - Dermal - 
Child-Youth-Adult Recreational 

Surface Sediment 

Chemical Tvoe Sed~ment Sed~ment Sediment Sediment Sedlment Sedlment Sedlment Sediment Sedlment Sediment Sedlment Sedlment Sedlment Sediment Scdlment 

ANTIMONY 

ARSENIC 

CADMIUM 

CHROMIUM 

MERCURY 

THALLIUM 

VANADIUM 

BENZO(A)ANTHRACENE 0 s  

BENZO(A)PYRENE 0 s  

BENZO(B)FLUORANTHENE 0 s  

DlBENZO(A,H)ANTHRACENE 0 s  

INDENO(l.2.3-CD)PYRENE 0 s  

AROCLOR-1260 PESTIPCB 

Tobl: 2.4E-01 2.76-02 4.6642 2.9142 6.0142 6.91-02 1.31-01 2.7642 3.1E42 4.OE-02 3.3E42 2.2E-02 3.9E42 2.OE41 6.81-02 

NoLs: - 
M = metal OS = seml-volatlle organo, OV = volatlle organlc, 
PESTIPCB = Pesllclde or PCB 

,, ,, - - - no available potency lactor for the rlsk endpoant wnsldered 

"na" = no available data In database (not analyzed forldata 
relecledldala gap) OR chem~cai not detected ln Parcel 



LMC Middle River Complex 
Recreational Use 

Page 2 of 3 

Table 4-23 

Non-Cancer Risk - Dermal - 
Child-Youth-Adult Recreational 

Surface Sediment 

Location: SD-16 SO-I6 SD-17 SD-18 SD-19 SD-20 SD-21 SD-22 SO-23 SD-24 SD-26 SD-26 SD-27 SD-28 SD-29 

Chemical TVCB Sedlment Sediment Sednment Sednment Sediment Sediment Sednment Sednment Sedlmrnt Sedlment Sediment Sedtment Sediment Srdlmsnt Sediment 

ANTIMONY M 2 1E-03 7 9E-04 18E-03 2 0E-03 6 4E-04 1 7E-03 8 1E-04 8 1E-04 7 5E-04 2 6E-04 4 2E-04 1 8E-03 1 4E-03 7 3E-04 6 5E-04 

ARSENIC 

CADMIUM 

CHROMIUM 

MERCURY 

THALLIUM 

VANADIUM 

BENZO(A)ANTHRACENE 

BENZO(A)PYRENE 

BENZO(0)FLUORANTHENE 

DlBENZO(A.H)ANTHRACENE 

INDENO(1.2.3-CD)PYRENE 

AROCLOR-1260 

Total: 2.OE-01 1.9E41 2.2141 2.1E41 2.OE41 2.01-01 1.61-01 2.2E-01 2.1E41 7.OE-02 9.1142 2.1141 3,2141 6,4141 2.7141 

Nobs: 
M = metal O S  = seml-valattle organlc OV  = volallle organlc 
PESTIPCB = Pestiade or PCB 

" " = no available potency factor for the rlsk endpolnt considered 

"na" = no available data In database (no1 analyzed forldala 
re~ectedldata gap) OR chemlcal not detected ln Parcel 
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Table 4-23 

Non-Cancer Risk - Dermal - 
Child-Youth-Adult Recreational 

Surface Sediment 

Location: SD-30 SD-31 SD-32 SD-33 SD-34 50-36 SD-36 SD-37 SD-38 SD-39 SD-40 SD-41 SD-42 

Chemical TY pe Sedlment Sednment Sediment Sad#ment Sediment Sediment Sediment Sed~ment S.diment Sed~ment Sediment Sodlmont Sediment 

ANTIMONY 

ARSENIC 

CADMIUM 

CHROMIUM 

MERCURY 

THALLIUM 

VANADIUM 

BENZO(A)ANTHRACENE 

BENZO(A)PYRENE 

BENZO(B)FLUORANTHENE 

DiBENZO(A.H)ANTHRACENE 

INDENO(l.2.3-CD)PYRENE 

AROCLOR-1260 

M 

M 

M 

M 

M 

M 

M 

0s 

0s 

0s 

0s 

0s 

PESTiPCB 

Total: 2.OE-01 1.2E-01 2.3E-01 2.1E-01 1.3E-01 2.3141 1.8E-01 1.6E-01 1.9E-01 1.3E-01 2.9E-01 1.6E-01 2.1E-01 

Notes: - 
M = metal. OS  = semi-volatlle organlc. OV = volatlie organlc. 
PESTiPCB = Pestlctde or PCB 

,, ,, . - - no avaniable potency factot for Ihe rlsk endpolnt considered 

"na" = no available data In database (not analyzed farldala 
relectedidata gap) OR chemlcal no1 detected In Parcel 



Table 4-24 

Cancer and Non-Cancer Risks 
Surface Water 

LMC Middle River Complex 
Recreational Use 

Medium: Surface Water 
Receptor: Child-Youth-Adult Recreational SW 
Depth Range: Surface 

SULFIDE 
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Table 4-25 

T o t a l  Cancer Risk - Child- 
Y o u t h - A d u l t  R e c r e a t i o n a l  SW 

Surface Water 

Location: UCL SW-i SW-2 SW-3 SW-4 SW-6 S w 4  SW-7 sw-08 SW-09 SW-lo SW-11 ~ w . 1 2  sw-13 SW-14 

Chemical Type surface water surface water surface water Surface water surface water surface Water Surface Water Sums. water Surface Water Surface Water Surface water Surface Water Surface Wamr Surface wamr Surface Water 

ANTIMONY 

ARSENIC M 9 4E-07 2 6E-07 2 2E-07 4 1E-07 2 3E-07 3 3E-07 2 4E-07 3 6E-07 7 6E-07 7 6E-07 I IE-06 7 6E-07 7 6E-07 7 6E-07 7 6E-07 

BARIUM M 

BERYLLIUM M 

CADMIUM M 

CHROMIUM 

COPPER 

LEAD M 

MERCURY M 

MOLYBDENUM 

NICKEL 

SELENIUM 

SILVER 

ZINC M 

BIS(2-ETHYLHEXYL)PHTHALATE 0 s  7 2E-06 2 1E-06 3 BE-06 5 2E-06 2 2E-06 5 6E-06 1.OE-05 4 4E-06 7 4E-06 7 4E-06 7 4E-06 7 4E-06 7 4E-06 7 4E-06 7 4E-06 

Dl-N-BUTYL PHTHALATE 0 s  

ACETONE 

CARBON DlSULFlDE 

CHLOROFORM OV 

METHYL TERT-BUTYL ETHER OV 3 1E-09 3 BE-09 3 BE-09 3 8E-09 3 8E-09 3 BE-09 3 BE-09 3 8E-09 1 5E-09 1 5E-09 1 5E-09 3 0E-09 1 5E-09 1 5E-09 3 0E-09 

TRICHLOROETHENE OV 8 4E-07 8 BE-07 8 BE-07 8 8E-07 8 8E-07 8 BE-07 8 8E-07 8 8E-07 1 8E-07 1 8E-07 I IE-07 1 8E-07 1 8E-07 1 BE-07 1 BE-07 

Total: 9.OE-06 3.2E-06 4.9E-06 6.4146 3.3E-06 6.88-06 i.iE-06 6.7E-06 8.3E-06 8.38-06 8.68-06 8.3E-06 8.3E06 8.3E-06 8.3E-06 

Notes: - 
M = metal OS = seml-valat~le organic OV = volatlle organlc 
PESTIPCB = Pesllcode or PCB 

no available polency factor for the rlsk endpolnt consldered 

"na" = no available data In database (no1 analyzed forldata 
relectedldata gap) OR chemlcal not delecled In Parcel 
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Table 4-26 

Total Non-Cancer Risk - Ch i l d -  

Youth-Adult Recreational SW 

Surface Water 

Location: UCL SW-I SW-2 SW-3 S W 4  SW-6 SW4 SW-7 SW48 SW49 SW-10 SW-11 SW-I2 SW-I3 SW-14 

Chemical Type surface water surface water Surface Waur  Surfaoa water surface water Surface Water Surface water surface Water surface water surface water surface W a u r  Surface Water surface water surfau water surface Waur  

ANTIMONY M 2 2E-02 7 6E-04 4 9E-04 7 5E-04 2 6E-04 2 6E-04 2 6E-04 2 6E-04 2 2E-02 1 2E-02 1 2E-02 1 2E-02 1 2E-02 1 2E-02 1 2E-02 

ARSENIC 

BARIUM 

BERYLLIUM 

CADMIUM 

CHROMIUM 

COPPER 

LEAD 

MERCURY 

MOLYBDENUM 

NICKEL 

SELENIUM 

SILVER 

ZINC 

BlS(2-ETHYLHEXYL)PHTHALATE 0 s  8 2E-02 2 3E-02 4 3E-02 5 BE-02 2 5E-02 6 3E-02 1 2E-01 5 0E-02 B 3E-02 8 3E-02 B 3E-02 8 3E-02 8 3E-02 B 3E-02 B 3E-02 

Dl-N-BUTYL PHTHALATE 0 s  2 BE-04 2 9E-04 2 9E-04 B OE-05 2 7E-04 2 9E-04 1 3E-04 2 9E-04 2 7E-04 2 7E-04 2 7E-04 2 7E-04 2 7E-04 2 7E-04 2 7E-04 

ACETONE Ov 8 2E-06 B 7E-06 B 2E-06 7 6E-06 7 6E-06 7 6E-06 7 6E-06 7 6E-06 na na na na na na na 

CARBON DlSULFlDE 

CHLOROFORM 

METHYL TERT-BUTYL ETHER OV 

TRICHLOROETHENE OV 2 6E-02 2 BE-02 2 BE-02 2 BE-02 2 BE-02 2 BE-02 2 BE-02 2 BE-02 5 5E-03 5 5E-03 3 3E-03 5 5E-03 5 5E-03 5 5E-03 5 5E-03 

Total: 1.6E-01 6.9E42 7.61-02 1.OE-01 6.0E42 1.OE-01 1 6 E 4 1  8.6E-02 1.3E41 1.2E-01 1.2E41 1.2E41 1.2E-01 1.2E41 1.2E-01 

M = metal. OS = seml-volatlle organlc. OV = volatlle organlc. 
PESTIPCB = Pesllclde or PCB 

" " = no available potency factor for the rmsk endpoint cons~dered 

'na = no a.d dD e aata n aaleDase (not ana yzea for aata 
re eclealaata yap, OR cnemlca not aelectea r I'drce! 
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Table 4-26 

Total Non-Cancer Risk - Child- 
Youth-Adult Recreational SW 

Surface Water 

Location: SW-16 SW-I6 SW-I7 

Chemical Type Surface Water Surface Water Surface Water 

ANTIMONY M 1 2E-02 1 9E-02 1 2E-02 

ARSENIC 

BARIUM 

BERYLLIUM 

CADMIUM 

CHROMIUM 

COPPER 

LEAD 

MERCURY 

MOLYBDENUM 

NICKEL 

SELENIUM 

SILVER 

ZINC 

BlS(2-ETHYLHEXYL)PHTHALATE 

Dl-N-BURL PHTHALATE 

ACETONE 

CARBON DlSULFlDE 

CHLOROFORM 

METHYL TERT-BUTYL ETHER 

TRICHLOROETHENE 

M = melal OS = seml-volatlle organic 
PESTiPCB = Pestlctde or PCB 

Tobl :  1.2E-01 1.3E-01 1.2E-01 

OV = volallle organlc 

"-" = no available polency factor for the rlsk endpalnt considered 

"na" = no available dala ~n dalabase (not analyzed forldala 
re)ecledldala gap) OR chemlcal not detected I" Parcel 
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Table 4-27 

Cancer Ingestion - Child-Youth- 
Adult Recreational SW 

Surface Water 

Location: UCL SW-I SW-2 SW-3 S W 4  SW-6 S W 4  SW-7 SW48  SW-09 SW-10 sw.11 SW-12 SW-13 SW-14 

Chemical T ~ P ~  surface water surface water surlase watar surlrcs water surface water sumce water surface water surlass water surface water surlrw water surface water surface water surface water Surface water surface water 

ANTIMONY 

ARSENIC M 7 7E-07 21E-07 1 BE-07 3 3E-07 1 9E-07 27E-07 20E-07 2 9E-07 62E-07 6 2E-07 94E-07 6 2E-07 6 2E-07 6 2E-07 6 2E-07 

BARIUM M 

BERYLLIUM M 

CADMIUM M 

CHROMIUM 

COPPER 

LEAD 

MERCURY 

MOLYBDENUM 

NICKEL 

SELENIUM 

SILVER M 

ZINC M 

Dl-N-BUTYL PHTHALATE 0s 

ACETONE 

CARBON DlSULFlDE 

CHLOROFORM OV 

METHYL TERT-BUTYL ETHER OV 2 OE-09 24E-09 24E-09 24E-09 2 4E-09 2 4E-09 24E-09 2 4E-09 95E-10 95E-10 9 5E-I0 19E-09 9 5E-I0 9 5E-10 1 9E-09 

TRICHLOROETHENE OV 2 3E-07 2 4E-07 24E-07 2 4E-07 24E-07 24E-07 24E-07 24E-07 48E-08 4 8E-08 2 9E-08 4 BE-08 4 BE-08 4 BE-08 4 BE-08 

Total: 1.OE-06 4.6E-07 4.3607 6.8E-07 4.3607 6.2E-07 4.6E47 6.4E-07 6.8E-07 6.8E-07 9.8E-07 6.8E-07 6.8847 6.81-07 6.8E-07 

Notes: - 
M = metal OS = seml valatlle organlc OV = volatlle organlc 

PESTIPCB = Pestlclde or PCB 

= no avalable potency factor for the risk endpoint consldeted 

"na" = no available data In database (not analyzed forldata 
re~ectedldata gap) OR chemlcal not delecled ~n Parcel 
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Table 4-28 

Non-Cancer Ingestion - Child- 
Youth-Adult Recreational SW 

Surface Water 

Location: UCL SW-I SW-2 SW-3 S W 4  SW-6 SW-6 SW-7 SW48  SW-09 SW-10 SW-I1 SW-I2 SW-I3 SW-14 

Chemical Type surface WaPr Sudasa water surface Wawr Surface water Surface Wawr Surface Water Surface water surface water surface water surface wawr surface Wawr sumso wawr surfass Water surface wawr surface Water 

ANTIMONY M 1 2E-02 40E-04 2 6E-04 4 OE-04 14E-04 1 4E-04 14E-04 1 4E-04 12E-02 6 6E-03 6 6E-03 6 6E-03 66E-03 6 6E-03 6 6E-03 

ARSENIC M 9 1 E-03 25E-03 2 2E-03 39E-03 22E-03 32E-03 2.3E-03 3 5E-03 7 4E-03 7 4E-03 11E-02 7 4E-03 7 4E-03 7 4E-03 74E-03 

BARIUM 

BERYLLIUM 

CADMIUM 

CHROMIUM 

COPPER 

LEAD 

M 59E-04 31E-05 31E-05 5 9E-04 17E-04 24E-04 8 2E-05 31E-05 5 1E-04 5.1 E-04 5 1E-04 5.1 E - M  5 1E-04 51E-04 5 1E-04 

M 16E-04 18E-06 18E-06 44E-05 18E-06 18E-06 18E-06 18E-06 31E-05 31E-05 62E-05 31E-05 31E-05 59E-05 31E-05 

MERCURY M 6 1E-04 64E-04 6 4E-04 64E-04 6 4E-04 6 4E-04 6 4E-04 64E-04 13E-04 1 3E-04 1 3E-04 1 3E-04 13E-04 1 3E-04 1 3E-04 

MOLYBDENUM 

NICKEL 

SELENIUM 

SILVER 

DI-N-BUWL PHTHALATE 

ACETONE 

CARBON DlSULFlDE OV 11E-04 3 2E-05 65E-05 8 7E-05 7 4E-05 11E-04 6 1E-05 32E-05 6 4E-06 64E-06 6 4E-06 64E-06 6 4E-06 64E-06 6 4E-06 

CHLOROFORM OV 29E-04 1 5E-M 32E-04 32E-04 3 2E-04 32E-04 3 2E-04 32E-04 64E-05 6 4E-05 64E-05 64E-05 6 4E-05 64E-05 6 4E-05 

METHYL TERT-BUTYL ETHER OV 

Notes: - 
M = metal OS = seml volallle organc, OV = volatlle organlc 
PESTlPCB = Pestlclde or PCB 

" =  no available potency laclor for the itsk endpolnt considered 

"na" = no available data I" dalabase (not analyzed forldala 
relectedldata gap) OR chemlwl not detected In Parcel 
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Table 4-29 

Cancer Dermal - Child-Youth- 
Adult Recreational SW 

Surface Water 

Location: SW-16 SW-16 SW-17 

Chemical Type Surface Water Surface Water Surface Water 

ANTIMONY M 

ARSENIC 

BARIUM 

BERYLLIUM 

CADMIUM 

CHROMIUM 

COPPER 

LEAD 

MERCURY 

MOLYBDENUM 

NICKEL 

SELENIUM 

SILVER 

ZINC 

BIS(2-ETHYLHEXYL)PHTHALATE 0s 73E-06 73E-06 73E-06 

Dl-N-BUTYL PHTHALATE 0s 

ACETONE 

CARBON DlSULFlDE 

CHLOROFORM OV 

METHYL TERT-BUTYL ETHER OV 1 IE -09  5 5E-10 5.5E-10 

TRICHLOROETHENE OV I 3E-07 1 3E-07 13E-07 

Total: 7.6646 7.6646 7.76-06 

NOb5: 
M = metal. OS  = seml-volatlle organc; OV  = volallle organlc 
PESTiPCB = Pesticide or PCB 

" " = no ava~lable potency factor for the rlsk endpofnt cansldered 

"na" = no available data ~n dalabase (not analyzed lorIdafa 
relectedidata gap) OR chemlcal no1 detected ~n Parcel 
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Table 4-30 

Non-Cancer Dermal - Ch i l d -  

Y o u t h - A d u l t  Recreational SW 

Surface Water 

Location: UCL SW-I SW-2 SW-3 SW-4 SW-6 SW4 SW-7 SW-08 SW-09 SW-10 SW-11 SW-12 SW-13 SW-14 

Chemical Type S u m c e  Waur Surface Water Surface Water Surface Water Surface Water Sums. Water Surface Water Surface Water Surface Water Surface Water Surfare Water Surface Water surface water surface water surface water 

ANTIMONY 

ARSENIC 

BARIUM 

BERYLLIUM 

CADMIUM 

CHROMIUM 

COPPER 

LEAD M 

MERCURY 

MOLYBDENUM 

NICKEL 

SELENIUM 

SILVER 

ZINC 

Dl-N-BUTYL PHTHALATE 

ACETONE 

CARBON DlSULFlDE 

CHLOROFORM 

METHYL TERT-BUTYL ETHER OV 

TRICHLOROETHENE OV 16E-02 17E-02 17E-02 17E-02 17E-02 17E-02 17E-02 17E-02 34E-03 34E-03 20E-03 34E-03 34E-03 34E-03 34E-03 

Total: 1.2E-01 4.4142 6.21-02 8.1E-02 4.6E-02 8.4E-02 1.3E-01 6.91-02 1.OE-01 1.OE-01 l.OE-01 1.OE-01 1.OE-01 1.OE-01 1.OE-01 

Notes: - 
M = rnelal OS = *ern( volal~le Organic OV = volatile Organlc 
PESTlPCB = Pesllctde or PCB 

" ' = no available pa(ency factor for [he rlsk endpolnl consodered 
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Section 5 

ECOLOGICAL RISK 
ASSESSMENT 

This section presents the purpose, methods, and results of Step 1, Step 2, and an initial Step 3 
aquatic Ecological Risk Assessment (ERA) for the surface water and sediments in Cow Pen Creek 

and Dark Head Cove, adjacent to the Chesapeake Industrial Park. Steps 1 and 2 of an ERA are 

initial screening processes designed to estimate the likelihood of ecological risk and to provide a 

basis for determining the necessity of the more thorough Step 3 ERA. The Step 3 ERA process 

involves a more refined food web exposure analysis to more realistically characterize risk to 

ecological receptors. The decision to proceed to any additional ERA steps is made as a part of the 

risk management decisions, specifically using Scientific Management Decision Points (SMDPs) 

built into the EPA ERA Process (EPA, 1997). 

OBJECTIVES 

This ERA incorporates the latest available guidance and concepts on ERA, including the 

following: 

Ecological Risk Assessment Guidance for Superfund: Process for Designing and 
Conducting Ecological Risk Assessments (EPA, 1997) 

Guidelines for Ecological Risk Assessment (EPA, 1998) 

Issuance of Final Guidance: Ecological Risk Assessment and Risk Management Principles 
for Supedund Sites (EPA, 1999a) 

The overall objectives of the ecological risk screening approach are to characterize the ecological 

habitat, to identify the ecological receptors of concern (ROCs) and COPCs in each applicable 

medium (i.e., surface water and sediment), and to assess potential risks to the environment. The 

results of this approach will allow stakeholders to make informed decisions regarding 

environmental protection and regulatory compliance. 
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The screening level assessment comprises the first two steps of an eight-step process of ERA at 

Superfund sites. This methodology has been adapted for use in evaluating ecological risk in 

surface water and sediments around Chesapeake Industrial Park. The screening level process, as 

applied to the study area, consists of following three steps: 

1. Problem Formulation and Ecological Effects Evaluation 

2. Exposure Estimate and Risk Calculation 

3. SMDPs to determine whether data are sufficient to make a risk decision or to go to Step 3 

The screening level assessment approach corresponds to Steps 1 and 2 in Figure 5-1. 

Additionally, this risk assessment documents a more refined food web assessment for aquatic 

receptors at the study site as the initial steps for Step 3 as shown in Figure 5- 1. 

5.2 PROBLEM FORMULATION AND ECOLOGICAL EFFECTS 
EVALUATION 

The problem formulation represents the scoping stage of an ERA. In this step, existing 

information is examined, the site visited, ROCs identified, a conceptual model for the site is 

developed to identify potential exposure pathways, and preliminary assessment and measurement 

endpoints are identified. Ultimately, the problem formulation generates one or more questions, 

speculations, or hypotheses regarding current or future human-induced changes to the 

environment. These questions are answered or hypotheses tested by collecting information during 

the analysis phase. The ecological significance of the results is evaluated during risk 

characterization step. 

5.2.1 Environmental Setting 

A site visit by Tetra Tech ecologists on April 12, 2005 was used to gather pertinent information 

for the ERA. Plant species at the MRC can be divided into two distinct habitats, field habitat and 

riparian forest. Most of the undeveloped land surrounding Cow Pen Creek and Dark Head Cove is 

field habitat (approximately 95 percent) and consists of open areas with no woody plants. 

Riparian forest habitat (approximately 5 percent) borders Cow Pen Creek in the vicinity of North 

American Electric and is very limited in size. Across from Chesapeake Industrial Park land use is 

primarily residential and is characterized as open area. 

Dark Head Cove is a freshwater tidal water bodies that are one of the many upper inlets associated 

with Chesapeake Bay. The area is surrounded by urban and commercial land uses. Cow Pen 

Creek flows into Dark Head Cove. Cow Pen Creek is a small tributary surrounded by a narrow 
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riparian corridor. The area is influenced by runoff from Chesapeake Industrial Park, Martin State 

Airport, and surrounding roadways including Eastern Boulevard. In addition discharge of 

impacted shallow groundwater may also impact the area. 

Although the variety of habitat is limited around the study site (dominated by field habitat), many 

species could still occur. Based on the observed condition of the habitats, the most prevalent 

wildlife in the area is expected to consist of aquatic and migratory bird species including geese, 

ducks, herons, finches, sparrows, robins, hawks, gulls, osprey, and kingfishers (Table 5-1). Small 

mammals such as foxes, moles, shrews, rabbits, woodchucks, squirrels, muskrats, and raccoons 

could also occur (Table 5-1). Large mammals other than white-tailed deer are unlikely to be 

present due to urbanization and lack of forest habitat in the region. It is likely that frogs and other 

amphibians are present as well based on the proximity to water bodies such as Dark Head Creek. 

Reptiles likely to occur at this site include snakes and lizards (Table 5- 1). 

5.2.2 Receptors of Concern 

Ecological ROCs are species or guilds of species that are important to the ecology of the site and 

that may be susceptible to chemical constituents released into the environment. The following 

five criteria were used to evaluate potential ecological ROCs for this ERA: 

Presence - known or expected to occur on site 
Susceptibility - exposure pathway is likely complete and of sufficient durationlmagnitude 
Representative - of the food web andlor guild 
Data Availability - sufficient and appropriate type of toxicity and exposure information 
Societal Importance - species merits public attention 

The following sections summarize the ROCs selected for this ERA and the rationale for selecting 

them. 

5.2.2.1 Threatened or Endanqered Species 

Current information suggests that State or federal threatened or endangered species do not occur at 

this site and so are not applicable to this ERA (MDNR, 2004). 
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Other Species 

Aquatic habitats are present along Dark Head Cove. ROCs identified as representative of this type 

of environment include the raccoon (representative of omnivorous mammals), mallard duck 

(representative of omnivorous birds), and the belted kingfisher and great blue heron 

(representative of piscivores). In addition, aquatic invertebrates including small benthic 

invertebrates inhabiting the sediment as well as more mobile aquatic invertebrates such as blue 

crabs and fish that live in both the water column and sediment have been designated as aquatic 

ROCs. 

5.2.3 Ecological Risk Conceptual Site Model 

The conceptual site model is an end product of the problem formulation step. It contains a 

description of the physical and ecological characteristics of the site, potential exposure scenarios, 

ROCs, and assessment and measurement endpoints. Figure 5-2 presents the ecological conceptual 

site model for the LMC MRC. 

5.2.4 Assessment and Measurement Endpoints 

EPA guidance (1998) stresses the importance of ecologically significant endpoints. The selection 

of assessment endpoints is based on fundamental knowledge of the local ecology. Based on the 

ROCs observed during the site visit, existing habitat, and the above observations, the following 

ecological assessment endpoints are defined: 

1. Protection of aquatic organisms that live in the water column in the creeks in the study area 
by determining that COPCs in surface water do not have adverse direct toxicity effects. 

2. Protection of benthic organisms that live in the sediment in the creeks by determining that 
COPCs in sediment do not have adverse direct toxicity effects. 

3. Protection of birds, represented by the omnivorous aquatic mallard duck and the 
piscivorous belted kingfisher and the great blue heron, by determining that ingestion of 
COPCs in food items, sediment, and surface water does not have unacceptable adverse 
impacts on survival, growth, and reproduction of higher trophic levels. 

4. Protection of mammals, represented by the omnivorous raccoon, by determining that 
ingestion of COPCs in food items, sediment, and surface water does not have unacceptable 
adverse impacts on survival, growth, and reproduction of higher trophic levels. 

Measurement endpoints are measurable ecological characteristics that are related to the assessment 

endpoints (EPA, 1998). Because it is difficult to "measure" assessment endpoints, measurement 
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endpoints were chosen that permit inference regarding the above-described assessment endpoints. 

Measurement endpoints selected for this risk assessment include the following (see Table 5-2): 

Media Chemistry for Surface Water - The measurement of chemical constituent 
concentrations in surface water provides the means, when compared to water quality 
criteria, for drawing inferences regarding the protection of aquatic organisms that live in 
the water column. Surface water samples collected at the study site are discussed in 
Section 3.1. 

Media Chemistry for Sediment - The measurement of chemical constituent concentrations 
in sediment provides the means, when compared to appropriate sediment screening values, 
to assess the protection of benthic organisms that live in the sediment. Sediment samples 
collected at the study site are discussed in Section 3.2. 

Media chemistry data were compared to toxicological data in the scientific literature to develop 

measurement endpoints related to direct contact and ingestion pathways affecting the assessment 

endpoints 

COPC SCREEN 

Validated surface water and sediment data for the March and October 2005 sampling events were 

utilized in this ERA. In accordance with EPA ERA guidance, and for statistical purposes, one- 

half the SQL was used as the value of samples determined to contain concentrations less than 

detectable levels. 

The screening process that identifies COPCs is environmentally conservative so as not to 

eliminate analytes that could pose potential ecological risk. Using conservative assumptions and 

appropriate screening values during the COPC screening process minimizes this potential. 

Analytes remaining after the screening process are COPCs. 

5.3.1 Surface Water COPC Identification 

Cow Pen Creek and Dark Head Cove are freshwater. Sources of surface water screening toxicity 

values (STVs) and toxicity reference values (TRVs) for freshwater include the following: 

National Ambient Water Quality Criteria (EPA, 1999b and 2002). 
USEPA Ecotox Thresholds (EPA, 1996). 
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USEPA Region 3 Biological Technical Assistance Group (BTAG) screening levels 
(EPA, 1995a). 
USEPA Region 5 RCRA Ecological Screening Levels (EPA, 2003). 
USEPA Region 4 screening values (EPA, 1999~). 
Scientific literature, such as the Aquatic Information Retrieval (AQUIRE) database and 
Suter and Tsao (1996), and literature compilations such as Buchman (1999). 

For metals, both unfiltered (total) and filtered (dissolved) concentrations were included in the STV 

comparisons. For chemicals known to bioaccumulate in aquatic food webs, STVs were based on 

the final chronic value (rather than the final residue value) as per EPA (1996) and Suter and Tsao 

(1996). The use of final chronic values is intended to protect ecological receptors from direct 

exposure to chemicals in surface water, rather than from exposure via food webs. Potential risks to 

upper trophic-level receptors from food web exposures (tissue residues) were evaluated separately 

(see Section 5.4). Surface water STVs used in this study are summarized in Table 5-3. 

Maximum concentrations of seven metals, one SVOC and one VOC, exceeded screening values 

for surface water (Table 5-4). Fifteen additional SVOCs and five PCBs were identified as COPCs 

because one-half the maximum reporting limit was greater than the TRV (Table 5-4). An 

additional metal, 15 SVOCs, and 25 VOCs, were identified as COPCs because they lack STVs 

(Table 5-4). 

5.3.2 Sediment COPC Identification 

Sources of sediment STVs and TRVs included the following: 

EPA Region 3 BTAG screening levels (1995a). However, these values are primarily 
Effects Range-Low (ER-L) values (Long and Morgan, 1990; Long et al., 1995) and 
Apparent Effects Thresholds (AETs) from various literature sources. ER-L values were 
derived for marine and estuarine systems, but surface waters near the study area are 
freshwater. These values have often been used to assess freshwater systems, but only in 
the absence of appropriate freshwater screening levels. Certain AET values may have been 
derived from freshwater studies, but because the AET represents the sediment contaminant 
concentration above which statistically significant biological effects are expected to occur, 
they may be overprotective. 

EPA Region 4 screening values (1 999c). 

EPA Region 5 Resource Conservation and Recovery Act (RCRA) Ecological Screening 
Levels (2003). 

Ontario freshwater sediment screening guidelines (Persaud et al., 1993). 
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EPA Ecotox Thresholds ( I  996). 

Sediment values developed as part of ongoing Great Lakes sediment research (e.g., Smith 
et al., 1996; Ingersoll et al., 1996). 

Scientific literature and literature compilations (e.g., Buchman, 1999). 

These TRVs are typically based on studies that correlate chemical concentrations in sediment with 

some measure of benthic community impairment; this approach is known as the Screening Level 

Concentration approach. Because these TRVs do not consider site-specific bioavailability, and 

because they correlate effects to each individual chemical without accounting for the possible 

effects of other chemicals in the sediment, their use tends to result in a conservative estimate of 

risk. Sediment STVs used in this study are summarized in Table 5-5. 

Thirteen metals, 19 SVOCs, two VOC, and one PCB were identified as COPCs in sediment due to 

concentrations exceeding the respective screening value (Table 5-6). In addition, three metals, 20 

SVOCs, and 43 VOCs were retained as COPCs based on the absence of STVs (Table 5-6). 

Twenty-seven SVOCs, two VOCs, and six PCBs were identified as COPCs because one-half the 

maximum reporting limit was in excess of the screening value (Table 5-6). 

5.3.3 Summary of Ecological COPCs 

A summary of ecological COPCs for all matrices identified at the end of Step 1 of the aquatic 

ERA is shown in Table 5-7. 

STEP 2 ECOLOGICAL RISK ASSESSMENT 

A Step 2 ERA intentionally uses conservative exposure assumptions designed to retain and 

properly evaluate all contaminants that might pose a risk to ROCs. Exposure assessment is a key 

component of risk quantization evaluated in Step 2, linking contaminants to receptors through 

complete pathways. Exposure refers to the degree of contact between ecological receptors at a site 

and the COPC. COPCs that are bioaccumulative are examined in upper trophic-level receptor 

food webs where indirect contact (dietary exposure) is the most relevant exposure pathway. All 

COPCs are evaluated for direct contact by receptors such as aquatic water column communities 

and benthic invertebrates. 
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5.4.1 Direct Exposure of Benthic and Aquatic Communities to Sediment and 
Surface Water 

The relevant pathway for exposure of COPCs in sediments and surface water to benthic and 

aquatic communities is chronic exposure to sediment and surface water contaminants that may 

exhibit a detrimental effect on survival, growth, and reproduction. Maximum sediment and 

surface water concentrations were compared to sediment and surface water TRVs. It was assumed 

that the COPCs are 100 percent bioavailable to the organisms for uptake and that they are always 

present at the maximum concentration observed. An HQ was calculated for aquatic plants and 

invertebrates assuming that COPCs are 100 percent bioavailable for uptake by the plants and 

invertebrates. An HQ greater than or equal to 1.0 indicates that ecological risk is possible, and a 

HQ less than 1.0 indicates that ecological risk is unlikely. HQs were calculated as follows: 

HQ = Maximum Surface Water or Sediment Concentration 
Sediment or Surface Water TRV 

5.4.2 Indirect Exposure of Higher Trophic Levels to COPCs (Food Web 
Analyses) 

Aquatic Food Web 

Bioaccumulation factors (BAFs) for aquatic invertebrates, plants, and fish used for the 

determination of exposure by the raccoon, mallard duck, belted kingfisher, and great blue heron 
are shown in Table 5-8. In the absence of published aquatic invertebrate BAFs, a BAF = 1.0 was 

used. 

Fish BAFs were used to estimate the concentrations of COPCs in sediment that are transferred to 

fish living in that system. The equation used to make this estimate is as follows: 

where: 

[XIfish = the concentration of chemical X in fish 

[xIsediment = the concentration of chemical X in the sediment 

BAF = the bioaccumulation factor 
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The bioconcentration factor (BCF) is used to approximate the chemical concentrations found in 

prey items (fish) living in water at certain chemical concentration. The equation used to estimate 

this concentration is as follows: 

[X]fish = [xlsu,ce water BCFsudace water 

where: 

[XIfish = the concentration of chemical X in fish (wet weight) 

BCF = the bioconcentration factor 

[XIsurface water = the concentration of chemical X in the surface water 

Most BAFs are less than 1.0, indicating that expected concentrations in organisms are less than 

than those found in sediment. Most fish BCFs are much higher than 1.0 due to the ease with 

which many contaminants from surface water can move across the gill membranes. Higher 

trophic-level organisms that subsist on fish, such as the belted kingfisher, are exposed indirectly to 

contaminants in sediment and surface water via the food source. Fish, as a food source, can be 

exposed to surface water contaminants directly and sediment contaminants indirectly (via dietary 

uptake of benthic macroinvertebrates). However, many bioaccumulative contaminants (especially 

organic compounds) are fairly hydrophobic (insoluble in water) and are only present in low 

concentrations in water. For many of these contaminants, the food chain pathway 

(sediments - plants and macroinvertebrates - fish - birds and mammals) is the major route by 

which they occur in receptors. 

5.4.2.2 Aquatic Upper Trophic-Level Dosaqe 

The total dose to upper trophic-level organisms is calculated as follows: 

where: 

Dosetotal = Total daily dose of COPC received by receptor; mg COPCkg-body 

wt ./day 

Dosefd = Daily dose of COPC received by receptor from most contaminated 

food item; mg COPCkg-body wt./day 

Dosesoivsedime, = Daily dose of COPC received by receptor from incidentally ingested 

sediment; mg COPCkg-body wt./day 
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Dosewater = Daily dose of COPC received by receptor from ingestion of surface 

water; mg COPCUday 

The total dose from food is given by the following equation: 

where: 

F f = Total daily feeding rate in kg food (wet basis)/kg-body weight of ROCIday 

(wet basis) 

U = Habitat usage factor (fraction of habitat range represented by site) for 

receptor; assumed to be 1.0 for the Step 2 food web 

c f = Concentration of COPC in food; calculated using the maximum dose as 

determined in each contaminated food item [mg COPCkg food(wet basis)] 

The total dose from incidental ingestion of sediment is given by the following equation: 

where: 

Fs = Total daily incidental sediment ingestion rate in kg sediment (dry basis)/ kg- 

body weight of ROCIday (wet basis) 

U = Habitat usage factor (fraction of habitat range represented by site) for 

receptor; assumed to be 1.0 for the Step 2 food web 

CS = Concentration of COPC in sediment; mg COPC/kg sediment (dry basis) 

The total daily sediment feeding rate is given by the following equation: 

where : 

FS = Total daily incidental sediment ingestion rate in kg soillday (wet basis) 

F f = Total daily feeding rate in kg foodlday (wet basis) 

FsoiYsedimnt = Fraction incidental sediment ingestion as a proportion of food ingestion rate 
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Lastly, the total dose from surface water is given by the following equation: 

when: 

Fw = Total daily surface water ingestion rate in surface waterlkg body weight of 

ROCIday 

U = Habitat usage factor (fraction of habitat range represented by site) for 

receptor; assumed to be 1.0 for the Step 2 food web 

FW = Concentration of COPC in surface water; mg COPCJL water 

Information necessary for this calculation includes organism body weight (BW), food ingestion 

rate (Ff), fraction incidental sediment ingestion as a proportion of food ingestion rate (Fsediment), 

and analyte concentrations of ingested materials. Ingested media include both abiotic (sediment) 

and biotic (food item) materials. Information specifically relevant to the ecology of the ROC (e.g., 

BWs and Ffvalues) was obtained from published sources (Table 5-9). 

Upper trophic-level terrestrial receptors that utilize aquatic habitat, like the raccoon or kingfisher, 

are exposed by direct contact or through ingestion of food exposed to the sediment. The starting 

point for the evaluation of aquatic receptors is the concentration of each COPC in the solid matrix, 

in this case sediment. 

5.4.2.3 Indirect Exposure of Mammals and Birds to Sediment and Surface 

Water 

The relevant pathway through which mammalian and avian ROCs dependent on aquatic-derived 

food are exposed to sediment and surface water COPCs is through chronic exposure to sediment 

and surface water contaminants via dietary uptake. The ROCs occupy different feeding guilds but 

have diets that contain potential vectors for site-related sediment and surface water contaminants. 

The Step 2 aquatic risk assessment assumed that all ROCs consumed only the most contaminated 

food item. Incidental sediment and surface water ingestion also was included in this assessment. 
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In Step 2, bioaccumulative COPC concentrations in food organisms were calculated as the 

maximum sediment or surface water concentration multiplied by the maximum BAFBCF for 

sediment and surface water. All dietary concentrations are presented on a dry-weight basis, but 

dietary contaminants are assumed to be consumed at a much higher wet-weight basis. 

Dietary exposures for ROCs were estimated as body-weight-normalized daily doses for 

comparison to a body-weight-normalized daily dose TRV. The daily dose for a given receptor to a 

given COPC is calculated by multiplying the total feeding rate by the concentration in the most 

contaminated food item. The habitat usage factor is assumed to be equal to 1.0 (100 percent usage 

at the study site) for this food web. Separate doses are presented for sediment, surface water, and 

food contributions and then summed to produce the total dose for each ROC. 

Information specifically relevant to the ecology of the aquatic ROCs (i.e., BWs and Ff is 

presented in Table 5-9. The primary source used for these exposure parameters was EPA (1993). 

5.4.3 Toxicity Assessment 

Lower trophic-level receptor species (e.g., fish and macroinvertebrates) were evaluated based on 

those taxonomic groupings for which medium-specific TRVs have been developed. As such, 

specific species of lower trophic-level biota were not chosen as receptor species because of the 

limited information available for specific species and because aquatic biota are dealt with on a 

community level via a comparison to surface water and sediment TRVs. 

Upper trophic-level receptor exposures (via food webs) to chemicals present in surface water and 

sediment were determined by estimating the chemical concentrations in the most contaminated 

dietary component for each receptor as described in the previous section. Incidental ingestion of 

sediment and surface water was included when calculating the total exposure. Dietary intakes for 

each upper trophic-level receptor were calculated as per Section 5.4.2.2. 

5.4.4 Risk Characterization for Step 2 

The risk characterization portion of the ERA used the information generated during the two 

previous parts of the ERA (problem formulation and analysis) to estimate potential risks to 
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ecological receptors at the level of conservatism applied (screening or baseline). Also included is 

an evaluation of the uncertainties associated with the models, assumptions, and methods used in 

the ERA, and the potential effects of these uncertainties on the conclusions of the assessment. 

The main objective of risk characterization at the screening level (termed risk calculation) is to 

derive a list of COPCs. As part of this risk calculation, the exposure concentrations (abiotic 

media) or exposure doses (upper trophic-level receptor species) are compared to the corresponding 

TRVs to derive risk estimates using the HQ method (Tables 5-10 and 5-1 1). HQs were calculated 

by dividing the chemical concentration in the medium being evaluated by the corresponding 

medium-specific TRV or by dividing the exposure dose by the corresponding ingestion-based 

TRV. HQs equaling or exceeding 1.0 indicate the potential for unacceptable risk because the 

chemical concentration or dose (exposure) equals or exceeds the TRV (effect). However, TRVs 

and exposure estimates are derived using intentionally conservative assumptions at the screening 

level such that HQs greater than or equal to 1.0 do not necessarily indicate that risks are present or 

impacts are occurring. Rather, HQs greater than 1.0 identify chemical-pathway-receptor 

combinations requiring further evaluation using more realistic exposure scenarios and 

assumptions. Following the same reasoning, HQs less than 1.0 indicate that risks are unlikely, 

enabling a conclusion of negligible risk to be reached with high confidence. 

EPA guidance (1997) specifies that a screening ecotoxicity value should be "equivalent to a 

documented or best conservatively estimated chronic No Observed Adverse Effect Level 

(NOAEL)." Because there is wide variation in the literature on NOAELs, risks were also 

calculated for conservatively estimated Lowest Observed Adverse Effect Levels (LOAELs) to 

provide some frame of reference for the results. 

Sample et al. (1996) was used as the primary source for NOAEL and LOAEL TRVs for mammals 

and birds. When analyteireceptor combinations were not located in Sample et al. (1996), other 

scientific literature (i.e., ATSDR, 1990, 1994a, 1994b, 1995, 1996, 1997, 1999a and 1999b; 

Coulston and Kolbye, 1994; EPA, 1999a, 1997, and 1995; Eisler, 1996; and TERRETOX, 2002) 

was used to select alternative toxicity values. 

COPCs for which HQs are not available do not have defined TRVs. These COPCs cannot be 

eliminated as a concern, although the risk they pose cannot be quantified. Such COPCs were 

considered an uncertainty in Step 2 and carried forward to Step 3 of the ERA process. 

For Step 2, the potential hazards were characterized through comparisons of exposure (i.e., 

dosage) concentrations (using the maximum soil concentration of each bioaccumulative COPC at 
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the study site multiplied by its 9oth percentile BAF for the most contaminated food item) to the 

NOAEL TRVs, listed in Table 5- 10. 

5.4.5 Step 2 Aquatic Receptor Risk Characterization Results 

Summaries of the direct exposure risks to benthic invertebrates and aquatic communities are 

reported in Tables 5-12 and 5-13, respectively. Thirteen metals, 45 SVOCs, eight VOCs, and 

seven PCBs were determined to have high enough concentrations in sediment to have maximum 

HQ values in excess of 1.0. In addition, maximum HQ values could not be calculated for three 

metals, 20 SVOC, and 44 VOCs because TRVs were unavailable. 

Seven metals, 16 SVOCs, one VOC, and five PCBs were present in the water column in sufficient 

concentrations to have maximum HQ values greater than 1.0. There was one metal, 15 SVOCs, 

and 28 VOCs for which no TRV values were available. 

Details of the Step 2 aquatic food web are summarized in Table 5-14. 

Avian Aquatic Species 

Mallard 

Eight metals and seven PCB COPCs pose a potential risk to the mallard due to HQs in excess of 

1 .O. 4-Bromophenyl-phenylether, 4-chlorophenyl-phenylether, hexachlorocyclopentadiene, 

hexachloroethane, and 1,1,1,2-tetrachloroethane were also carried forward to Step 3 due to the 
lack of NOAELs for the mallard. 

Belted Kingfisher 

Seven metals, 15 SVOCs, and seven PCBs were calculated as having a potential risk to the belted 

kingfisher as evidenced by NOAEL HQs greater than 1.0. Four SVOCs (4-bromophenyl- 

phenylether, 4-chlorophen yl-phen ylether, hexachloroc yclopentadiene, and hexachloroethane) and 

one VOC (1,1,1,2-tetrachloroethane) were carried forward to Step 3 due to the lack of NOAELs 

for the belted kingfisher. 

Great Blue Heron 

Five metals, 15 SVOCs, and seven PCBs were determined to pose a risk to great blue heron. 

Additionally, because of the lack of NOAEL values for hexachlorocyclopentadiene, 
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hexachloroethane, 4-bromophenyl-phenylether, 4-chlorphenyl-phenylether, and 1 , 1 ,I ,2- 

tetrachloroethane, these COPCs were carried forward to Step 3. 

Mammalian Aquatic Species 

Raccoon 

Four metals, nine SVOCs, and seven PCBs posed a risk to the raccoon as evidenced by NOAEL 

HQs greater than 1 .O. 4-Bromophenyl-phenylether and 4-chlorophenyl-phenylether were lacking 

any toxicity information and were thus carried forward to Step 3 and labeled as uncertainties. 

5.4.6 Summary of Step 2 Ecological Risk Screening 

Table 5-15 summarizes the ecological COPCs that remain after the Step 2 ecological risk 

screening with respect to each aquatic receptor. 4-Bromophenyl-phenylether, 

4-chlorophenyl-phenylether, hexachlorocyclopentadiene, hexachloroe thane, and 

1,1,1,2-tetrachloroethane remain as COPCs for one or more aquatic receptors because they 

exceeded Step 1 screening values and no toxicity threshold values are available for these 

chemicals. Consequently, it is not possible to determine if the presence of these five chemicals in 

various media pose unacceptable risks. Other COPCIreceptor combinations for which no toxicity 

values were available are noted as such in Table 5-15 and represent uncertainties in the Step 2 

ERA. 

5.4.7 Scientific Management Decision Point I 

Results summarized in Table 5-15 indicate that several COPCs are present at the study site and 

that some of these pose potential risks to aquatic ROCs based on conservative exposure 

assumptions. A review of the site data used as the basis for calculating Step 2 risks suggests that 

there are sufficient contaminant data, and that data were of sufficient quality, to evaluate Step 2 

risks to ROCs in the media present at the site (surface water and sediment). Thus, there do not 

appear to be any important data gaps present at this stage of the ERA. Based on the potential risks 

calculated in the Step 2 ERA, it appears appropriate and necessary to proceed to Step 3 of the 
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ERA framework and further evaluate the potential for ecological risks of remaining COPCs at the 

study site. 

STEP 3 REFINEMENT 

5.5.1 COPCs and ROCs in the Step 3 Ecological Risk Assessment 

The Step 2 exposure assessment consisted of a conservative food web model and exposure 

assessment analysis. COPCs that had HQs less than 1.0 for all ROCs are considered to present 

acceptable risk to ecological resources and were not evaluated further in this section. COPCs for 

which no approved toxicity thresholds were available could, however, present potential risks and 

therefore cannot be eliminated. Instead, risks in these cases are evaluated by examining in greater 

detail the spatial pattern and distribution of concentration values in a given medium and then 

comparing these data to available effects data in the literature. Remaining COPCs that have TRVs 

were subjected to Step 3 Problem Formulation (EPA, 1997). This refinement of the exposure 

assessment is summarized below. The risk calculations in the food web models were revisited 

using refinements of exposure assumptions used in the Step 2 ERA, including more realistic ROC 

exposure assumptions and appropriate exposure concentrations. 

The list of mediurn/COPC/ROC combinations that were quantified in the following sections are 

summarized in Table 5- 15. 

5.5.2 Step 3 Exposure Assessments 

The purpose of the Step 2 exposure assessment is to conservatively quantify the degree of contact 

between ecological ROCs and COPCs identified at the site. The Step 3 exposure assessment 

allows for more realistic exposure assumptions than those found in the conservative Step 2 
exposure assessment. The factors that make risk quantification in a Step 3 refined exposure 

assessment more realistic are discussed below. 

Use of Appropriate Exposure Concentrations 

The Step 2 exposure assessment includes the assumption that ROCs are exposed to the maximum 

detected concentration found across the site. In Step 3, all exposures were estimated based on the 

arithmetic mean concentration in a given medium at the study site (Table 5-16), consistent with 

EPA guidance (1997). 
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5.5.2.2 Use of More Realistic ROC Exposure Assumptions 

The Step 2 food web maximized exposure by using the smallest BW and the highest Ff data found 

in the literature and using the dry-weight concentration of prey items. The Step 3 exposure 

assessment utilized mean or median BWs, food consumption rates, and BAFsBCFs shown in 

Tables 5-17 and 5-18 for aquatic receptors. The wet-weight concentrations of prey items were 

also used in the food web analysis. 

Use of Appropriate Home Ranqes 

In the Step 2 ERA, the home range of the individual receptors was assumed to be only as large as 

the study site. In Step 3, the appropriate Area Use Factor (AUF) was used in calculating the 

dosage to each receptor. This more realistic method is particularly relevant to higher trophic 

levels of birds (e.g., heron and kingfisher) and mammals, which often require fairly large home 

ranges and are not expected to inhabit the Dark Head Cove area for 100 percent of their life span. 

The study site is estimated to encompass about 60 acres. The home ranges of the ROCs are noted 

in Table 5-17. 

5.5.3 Toxicity Assessment 

Toxicity values presented in Section 5.4 are used for both the Step 2 and 3 exposure assessments. 

However, while LOAEL toxicity values were presented in Section 5.4, they were not used to 

evaluate risk, consistent with the Step 2 screening risk assessment procedures. Step 3 evaluated 

risks based on both NOAEL and LOAEL values to enable a more realistic assessment. The 

comparison of site mean concentrations in Step 3 to NOAELs and LOAELs is important due to 

the fact that NOAELs and LOAELs are scientifically derived values that could be an order of 

magnitude different. Many times, the effects are observed at a certain concentration (LOAEL), 

and the NOAELs are extrapolated by decreasing the concentration by an order of magnitude. 

Therefore, actual risk is better characterized by using the LOAEL along with the NOAEL. Risks 

based on LOAELs can be placed into the context of risk management to determine if it is 

necessary to either remediate the site, obtain additional data, or if risks are acceptable to 

populations and communities of ecological receptors and no further action is necessary. 
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5.5.4 Step 3 Risk Characterization Results 

5.5.4.1 Step 3 Risk From COPCs in Sediment and Surface Water 

Benthic Invertebrates 

The relevant pathway for benthic communities is chronic exposure to sediment contaminants that 

may exhibit a detrimental effect on survival and growth. Risk to benthic organisms for the Step 3 

ERA was based on calculation of an HQ using the following equation: 

HQ = Mean Sediment Concentration 1 Sediment TRV 

Consistent with the EPA, 1997, mean sediment concentrations were used in Step 3 exposure 

assessment. 

Table 5-19 shows mean HQs for benthic invertebrates at the study site. Ten of the 13 metals 

identified in Step 2 as presenting a potential risk to benthic invertebrates had mean HQs greater 

than 1.0 in Step 3. Therefore these 10 metals all pose a risk to benthic invertebrates. Certain 

organic chemicals including 41 SVOCs and three VOCs also had mean HQs in excess of 1.0, 

indicating possible risk to benthic invertebrates. 

The risk from three metals, 20 SVOCs, and 44 VOCs were unable to be determined because 

toxicological information pertaining to their effects on benthic invertebrates is unavailable. 

Aquatic Communities 

The relevant pathway for aquatic communities is chronic exposure to surface water contaminants 
that may exhibit a detrimental effect on survival and growth. As with the benthic invertebrates, 

risk to aquatic organisms for the Step 3 ERA was based on calculation of an HQ using the 

following equation: 

HQ = Mean Surface Water Concentration / Surface Water TRV 

As with sediment, the use of mean surface water concentrations is appropriate in a Step 3 exposure 

assessment because the toxicity endpoints to which concentrations are being compared are those 

that result from exposure to the aquatic organisms over a long period of time (weeks to months). 

Table 5-20 shows mean HQs for aquatic communities at the study site. Six metals identified in 

Step 2 also had mean HQs greater than 1.0, indicating possible risk to aquatic communities. 
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Fifteen SVOCs, one VOC, and five PCBs were also identified as posing a possible risk (mean 

HQs greater than 1.0) to aquatic communities. The risks from one metal, 15 SVOCs, and 28 

VOCs were unable to be determined because toxicological information on their effects on aquatic 

communities is unavailable. 

Aquatic Mammals and Birds 

The risks for aquatic ROCs are summarized in Table 5-21. No risks were associated with any 

COPC for the raccoon, mallard, or belted kingfisher (although the NOAEL HQ for total mercury 

was greater than 1.0, the LOAEL HQ was lower). NOAEL HQs associated with fluorene, 

hexachlorobenzene and Aroclors- 1248, -1254, and -1 260 to the great blue heron were greater than 

1.0. However, the LOAEL HQ was greater than 1.0 only for total mercury. Risks from 

4-bromophenyl-phenylether, 4-chlorophenyl-phenylether, hexachloroc yclopentadiene, 

hexachloroethane, and 1, I, I ,2-tetrachloroethane were unable to be characterized due to the lack of 

toxicological information. 

5.5.5 Step 3 Risk Characterization Summary 

Table 5-22 summarizes the aquatic COPCs that remain after Step 3 ecological risk screening. 

4-Bromophenyl-phenylether, 4-chlorophenyl-phenylether, hexachloroethane, and 

1,1,1,2-tetrachloroethane remain as COPCs for aquatic receptors because they exceeded Step 1 

STVs and because toxicity threshold values are unavailable for these chemicals. Consequently, it 

is not possible to determine if the presence of these five chemicals in surface water and sediment 

pose unacceptable risks. Other COPCIreceptor combinations that were identified due to the lack 

of STVs or when the COPC were undetected and one-half the reporting limit was in excess of the 

STV are identified in Table 5-22 with "x." COPCs with concentrations in excess of STVs are 

identified with a "X." All marked COPCs (x or X) represent potential risk to that receptor; either 

defined (X) or undefined (x) due to the lack of toxicological information or detectable 

concentrations. 

UNCERTAINTY ASSOCIATED WITH THE STEP 3 

Uncertainties are present in all risk assessments because of the limitations of the available data and 

the need to make certain assumptions and extrapolations based upon incomplete information. The 

uncertainty in this ERA is mainly attributable to the following factors. 
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5.6.1 Reporting Limits 

One-half the maximum reporting limits for some analytes exceeded applicable TRVs in some 

media; these chemicals were identified as COPCs. 

Nineteen chemicals are identified in Step 1 as exceeding the TRVs for surface water because for 

each, one-half the reporting limit was greater than the TRV. Of these 19, only 12 were deemed 

bioaccumulative and evaluated in the Steps 2 and 3 food web analyses of the ERA. Of these 12, 

none resulted in Step 3 NOAEL or LOAEL HQs greater than 1.0 indicating possible risk. 

Thirty-seven chemicals were identified in Step 1 because for each, one-half the reporting limit 

exceeded the TRV for sediment. Ten were deemed bioaccumulative and evaluated in the Steps 2 

and 3 food web analyses of the ERA. Of these 10, none resulted in LOAEL HQs greater than 1.0 

indicating possible risk to upper trophic-level receptors. 

5.6.2 Selection of COPCs 

Chemicals without available TRVs for a medium were retained as COPCs in the Step 3 portion of 

the assessment. 

Forty-four chemicals in surface water were carried forward to Step 2 due to the lack of surface 

water TRVs. Of these 44, only four were potentially bioaccumulative and thus examined in Steps 

2 and 3. No surface water chemical lacking a TRV exceeded a LOAEL HQ of 1 in Step 3, 
although 4-chlorphenyl ether was carried forward to Step 3 due to the lack of NOAELs and 
LOAELs. Uncertainty exists regarding 4-chloropheny ether because it was unable to be analyzed 

in Step 2 and 3 due to the lack of toxicological data. 

Sixty-eight chemicals examined lacked a screening TRV for sediment in Step 1. Two of these 68 

were potentially bioaccumulative and analyzed in the Step 2 and 3 food web analyses. 

4-Chlorphenyl phenyl ether and 1,1,1,2-tetrachloroethane lacked NOAELs and LOAELs, and 

uncertainty exists regarding those chemicals that were unable to be analyzed in Step 2 and 3 due to 

the lack of toxicological data. 

5.6.3 Sediment TRVs 

Most of the sediment TRVs used in the ERA do not consider site-specific bioavailability to 

ecological receptors and are typically based on correlational studies (termed the Screening Level 
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Concentration approach). These factors tend to make the resulting TRVs conservative and may 

overestimate potential risk. 

5.6.4 Ingestion TRVs 

Data on the toxicity of many chemicals to the receptor species were sparse or lacking, requiring 

the extrapolation of data from other wildlife species or from laboratory studies with non-wildlife 

species. This is a typical extrapolation for ERAS because so few wildlife species have been tested 

directly for most chemicals. The uncertainties associated with toxicity extrapolation were 

minimized through the selection of the most appropriate test species for which suitable toxicity 

data were available. The factors considered in selecting a test species to represent a receptor 

species included taxonomic relatedness, trophic level, foraging method, and similarity of diet. 

5.6.5 Chemical Mixtures 

Information on the ecotoxicological effects of chemical interactions is generally lacking, which 

required (as is standard for ERAS) that the chemicals be evaluated on a chemical-by-chemical 

basis in comparisons to TRVs. This could result in an underestimation of risk (if there are 

additive or synergistic effects among chemicals) or an overestimation of risks (if there are 

antagonistic effects among chemicals). 

5.6.6 Food Web Exposure Modeling 

Chemical concentrations in aquatic food items (plants, benthic invertebrates, and fish) were 

modeled from measured media concentrations and were not directly measured. The use of 

generic, literature-derived exposure models and BAFs introduces some uncertainty into the 

resulting estimates. The values selected and methodology employed were intended to provide a 

conservative (Step 2) or more realistic (Step 3) estimate of potential food web exposure 

concentrations. 

Another source of uncertainty is the use of default assumptions for exposure parameters such as 

BCFs and BAFs. Although BCFs or BAFs for many bioaccumulative chemicals were readily 

available from the literature and were used in the ERA, the use of a default factor of 1.0 to 

estimate the concentration of some chemicals in receptor prey items is a source of uncertainty. 
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5.6.7 Mean versus Maximum Media Concentrations 

As is typical in an ERA, a finite number of samples of environmental media are used to develop 

the exposure estimates. The maximum measured concentration provides a conservative estimate 

for immobile biota or those with a limited home range. The most realistic exposure estimates for 

mobile species with relatively large home ranges and for species populations (even those that are 

immobile or have limited home ranges) are those based upon the mean chemical concentrations in 

each medium to which these receptors are exposed. This is reflected in the wildlife dietary 

exposure models contained in the Wildlife Exposure Factors Handbook (EPA, 1993), which 

specifies the use of average media concentrations. Based on the mobility of the upper 

trophic-level receptor species used in the ERA, the use of maximum chemical concentrations 

(rather than mean concentrations) to estimate the exposure via food webs is probably conservative 

in Steps 1 and 2 of the screening level ERA. This conservatism was reduced to more realistic 

levels in the Step 3 evaluation through the use of mean concentration values. 

5.6.8 Extrapolation of NOAELs from Calculated LOAELs 

In cases where a NOAEL for a specific chemical was not available, but a LOAEL had been 

determined experimentally or where the NOAEL was from a subchronic study, the chronic 

NOAEL was estimated. EPA (1993) suggests the use of uncertainty factors of 1 to 10 for 

subchronic to chronic NOAEL and LOAEL estimation. 

5.6.9 Background Concentrations 

Three surface water (SW-1, SW-2, and SW-16) and three sediment (SD-1, SD-2, and SD-39) 

samples were collected to provide some indication of anthropogenic impacts which may not be 
related to activities at Chesapeake Industrial Park. SW-1 and SD-1 were located in the headwaters 

of Cow Pen Creek, and SW-2, SW-16, SD-2, and SD-39 were located in two coves on Dark Head 

Creek downstream of the study site. Comparisons of reference sediment and surface water 

concentrations to those measured closer to MRC indicate that for most contaminants identified in 

Step 1 as COPCs, reference site concentrations were less than those measured in study area 

locations. However, the mean sediment concentrations measured at the three reference locations 

resulted in mean HQs greater than 1.0 for direct toxicity to benthic invertebrates for the same 

COPCs as the samples collected within more impacted areas of the study site with the exception of 

barium, silver, benzo(a)pyrene, benzo(g,h,i)perylene, benzoic acid, indeno(l,2,3-cd)pyrene, 

isophrone, and phenol (Table 5-23). Mean background surface water concentrations resulted in 

mean HQs greater than 1.0 for all COPCs with the exception of total and dissolved cadmium 

(Table 5-24). Therefore, the potential risks to benthic invertebrates and aquatic communities 
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calculated in this ERA for the areas around Chesapeake Industrial Park may not be related to 

exposure to COPCs from the study area and may be an artifact of conservative TRVs. 

ECOLOGICAL RISK SUMMARY 

An ERA was performed for sediment and surface water adjacent to the study site. The results of 

the Steps I and 2 ERA identified many potential COPCs to ecological receptors in the study area, 

which supported the decision to conduct a more realistic exposure and risk characterization for the 

site, consistent with EPA guidance (1997). Refinements included in the Step 3 evaluation 

included the use of more realistic ROC exposure assumptions and more realistic feeding rates and 

BWs of receptors. 

The Step 2 ERA identified a number of medium/COPC/ROC combinations for which acceptable 

' risks were found at the study site. The Step 3 refinement focused on those medium/COPC/ROC 

combinations for which potential risk was identified as a result of the Step 2 ERA and for which 

appropriate toxicity values were available in the toxicological literature (Tables 5-10 and 5-1 1). 

The absence of appropriate toxicity values for some medium/COPC/ROC combinations means 

that it is not possible to dismiss potential risk for those particular combinations. 

Standard ERA practice (EPA, 1997) places ecological risk into the context of assessment and 

measurement endpoints, where assessment endpoints are those characteristics of an environment 

that need to be protected and measurement endpoints provide distinct measures of this degree of 

protection. The results of the Step 3 refinement are shown in Table 5-25 in the context of the 

defined assessment and measurement endpoints. These results suggest the possibility of risk for 

some COPCs in certain media and for certain types of receptors. The results of the ERA are 

discussed below for surface water and sediment from Dark Head Cove and Cow Pen Creek, 

adjacent to the Chesapeake Industrial Park. 

5.7.1 Surface Water 

Ecological receptors identified that may be exposed to COPCs in surface water include aquatic 

communities, mallard ducks, belted kingfishers, great blue heron, raccoons, and muskrats. 

The risks to aquatic communities were defined relative to concentrations of COPCs in surface 

water based on medium-specific TRVs. As shown in Table 5-20, there were many surface water 

COPCs with potential risks to aquatic communities [mean ecological quotients (EQs) greater than 

1.01 at the study site based on the results of the Step 3 refinement. The lack of rare or endangered 

animal species at the site, however, may decrease the significance of the calculated risks to aquatic 

TETRA TECH: LOCKHEED MARTIN MIDDLE RIVER COMPLEX, SURFACE WATER AND SEDIMENT SAMPLING REPORT 5-23 



communities from exposure to COPCs in surface water in this area. In addition, the similarity in 

concentrations of COPCs between study site surface water and surface water at reference sites 

(Table 5-24) decreases the significance of potential risks to aquatic communities in the vicinity of 

Chesapeake Industrial Park. 

Risks from all Step 1 surface water COPCs were non existent to upper trophic-level organisms in 

Step 3, with the exception of 4-bromophenyl-phenylether, 4-chlorophenyl-phenylether, and 

hexachlorocyclopentadiene for which risks could not be defined due to the lack of toxicological 

information. 

5.7.2 Sediment 

Ecological receptors identified that may be exposed to COPCs in sediment included benthic 

invertebrates, mallard ducks, great blue herons, belted kingfishers, raccoons, and muskrats. 

The risks to benthic invertebrates were defined relative to concentrations of COPCs in sediment 

based on medium-specific TRVs. Table 5-19 summarizes sediment COPCs with potential risk to 

benthic invertebrates (mean EQs greater than 1.0) study site. Although many sediment COPCs 

resulted in Step 3 mean EQs, greater than 1.0 for direct toxicity to benthic invertebrates, the 

similarity of study site concentrations to reference location sediment concentrations (Table 5-23) 

demonstrate that the risk is comparable near Chesapeake Industrial Park to elsewhere in the area. 

Therefore, there is no significant increase in potential risk to benthic invertebrates in the vicinity 

of MRC and the study site. 

Acceptable food web risk was found for the raccoon, mallard, and belted kingfisher as all NOAEL 

HQs were less than 1.0 for these receptors (Table 5-21), with the exception of total mercury and 

Aroclor-1260 for the belted kingfisher (NOAEL HQ, of 1.48 and 1.26, respectively, but both 
LOAEL HQs were less than 1.0). 

The NOAEL HQs for the great blue heron for all COPCs were less than 1.0 except total mercury 

(NOAEL HQ of 5.34), hexachlorobenzene (NOAEL HQ of 2.26), Aroclor-1248 (NOEAL HQ of 

1.35), Aroclor-1254 (NOAEL HQ of 2.29) and Aroclor-1260 (NOAEL HQ of 4.63). The LOAEL 

HQs for hexachlorobenzene (0.44), Aroclor- 1248 (0.27), Aroclor- 1254 (0.46), and Aroclor- 1260 

(0.93) were less than 1.0, thus no detrimental effects to the great blue heron are expected. There is 

potential risk from total mercury, which does not have a LOAEL HQ less than 1.0 ( 1.78). 
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CONCLUSIONS 

An ERA was performed to investigate possible risks to ecological receptors from chemical 

constituents in sediment and surface water adjacent to the Chesapeake Industrial Park. 

Assessment endpoints considered in the ERA included effects on the aquatic water column 

community, the benthic (bottom-dwelling) community, omnivorous birds that feed on shorelines 

(represented by the mallard duck), piscivorous birds (represented by the belted kingfisher and 

great blue heron), and omnivorous mammals that feed on shorelines (represented by the raccoon). 

Steps 1 and 2 of the ERA identified COPCs by comparing conservatively estimated exposures of 

ecological receptors against corresponding toxicological benchmarks in the scientific literature. 

Step 3 of the ERA refined the list of COPCS using less conservative, more realistic exposure 

assumptions. 

Section 5.8.1 summarizes the chemical constituents retained as COPCs following Step 3 of the 

ERA. Section 5.8.2 discusses risk management considerations when identifying potential 

ecological COPCs requiring further consideration. 

5.8.1 COPC Summary 

COPCs retained following Step 3 of the ERA on the basis of exceedance of toxicological 

benchmark data from the scientific literature (expressed as media concentrations or as ingested 

doses) are summarized below for ecological receptors in the water column community, ecological 

receptors in the benthic community, and upper trophic-level ecological receptors. 

Water Column Communitv: The following metals were retained as COPCs following Step 3 of the 

ERA because their concentrations in surface water exceeded corresponding TRVs from the 

scientific literature: 

Total Cadmium 

Dissolved Cadmium 

Total Copper 

Total Lead 

Total Silver 

Dissolved Silver 

Additionally, the following organic constituents were retained as COPCs following Step 3 of the 

ERA because their concentrations in surface water exceeded corresponding TRVs from the 

scientific literature: 
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Di-n-butyl phthalate 

Carbon Disulfide 

Benthic Community: The following metals were retained as COPCs following Step 3 of the ERA 

because their concentrations in sediment exceeded corresponding TRVs from the scientific 

literature: 

Barium Cobalt Nickel 

Cadmium Copper Silver 

Chromium Lead Zinc 

Cobalt Total Mercury 

The following SVOCs were retained as COPCs following Step 3 of the ERA because their 

concentrations in sediment exceeded corresponding TRVs from the scientific literature: 

2-Methylnaphthalene Benzo(g,h,i)pyrene Fluoranthene 

Acenaphthene Benzo(k)fluoranthene Fluorene 

Acenaphthylene Bis(2- Indeno(l,2,3- 

ethylhexy1)phthalate cd)pyrene 

Anthracene Benzy lbutyl phthalate Naphthalene 

Benzo(a)anthracene Chrysene Phenanthracene 

Benzo(a)pyrene Dibenzo(a,h)anthracene Pyrene 

The following additional chemical constituents were retained as COPCs following Step 3 of the 

ERA because their concentrations in sediment exceeded corresponding TRVs from the scientific 

literature: 

Acetone 

Aroclor I260 

Upper Trophic Level Receptors: No chemical constituents were retained as COPCs following Step 

3 of the ERA for the raccoon or mallard duck based on NOAEL-based HQs that exceeded 1.0. 

The NOAEL-based HQs for the belted kingfisher did exceed 1.0 for the following constituents: 

Total Mercury 

Aroclor 1260 
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The NOAEL-based HQs for the great blue heron exceeded 1.0 for the following constituents: 

Total Mercury 

Hexachlorobenzene 

Aroclor 1248 

Aroclor 1254 

Aroclor 1260 

Additional chemical constituents were retained as COPCs following Step 3 of the ERA because 

suitable toxicological benchmarks were not available in the scientific literature, or because the 

reporting limits for non-detected constituents exceeded corresponding toxicological benchmarks. 

It is not possible for an ERA to demonstrate that such COPCs do not have the potential to pose 

significant risk to ecological receptors. 

5.8.2 Risk Management Considerations 

Identification of the Primary COPCs contributing to Risk: 

It is recommended that the following COPCs be identified as the primary contributors to potential 

ecological risk - 

For ecological receptors in the surface water community: 

Total Cadmium 

Dissolved Cadmium 

For ecological receptors in the benthic community: 

Barium 

Silver 

Benzo(a)pyrene 

For higher trophic level ecological receptors: 

Total Mercury (only for piscivorous birds represented by the great blue 

heron) 

Not every COPC retained following the Step 3 ERA is recommended for identification as a 

significant potential contributor to ecological risk. Certain COPCs are excluded because their 

concentrations were below corresponding site background concentrations. Certain COPCs 
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identified for higher trophic level receptors are excluded because their corresponding LOAEL- 

based HQs are less than 1 .O, even though their NOAEL-based HQs exceeded 1 .O. Finally, those 

COPCs identified following the Step 3 ERA solely on the basis of lacking suitable toxicological 

data in the scientific literature, or on the basis of reporting limits exceeding toxicological 

benchmarks, are excluded. 
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Ecological Risk Screen Assessment Endpoints 
LMC Middle River Complex, Middle River, Maryland 

by BCF or BAF for COPC. 
The risk associated with the 
calculated dose will be evaluated by 

The risk associated with the 
ill be evaluated by 

species (belted kingfisher) 

The risk associated with the 

concentration by BAF or BCF for 
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Ib xylenes I x x II 

Bromobenzene 
Bromochloromethane 
Bromodichloromethane 
Bromoform 
Bromomethane 
cis- 1.2-Dichloroethene 
cis-l,3-Dichloropropene 
Caron disulfide 
Carbon tetrachloride 

x 
x 
x 

x 
x 

x 

?en-.4myl Methyl Ether 
Telt-Butylbenzene 
Teritary-butyl alcohol 
trans-1.2-Dichloroethene 
trans-1.3-Dichloropropene 
Tetrachloroethene 

II PCBs II 

x 

X 

Trichlorofluoromethane 

x 
x 
x 

x 

x 

k l o r  1260 X I 1 
X - COPC 
x -only COPC because 112 the reporting unit is > screening toxicity value (STV) or no STV exists. 
NA - Not Applicable 

x 
x 
x 

Vinyl Acetate x x I 
Aroclor 1016 x x I Aroclor 122 1 x x 
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Table 5-9 

Step 2 Exposure Factors for Aquatic Ecological Receptors of Concern 
LMC Middle River Complex, Middle River, Maryland 
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List of LOAEL Toxicity Reference Values for Use in Food-web Modeling (using estimated wildlife LOAEL [rngkg-bwlday]) 
LMC Middle River Complex, Middle River, Maryland 

Page 2 of 2 

Hexachlorobutadiene 9.85 ATSDR 1994b 17 TERRETOX 2002 17 TERREmX 2002 17 TERRETOX200: 
Hexachlorocyclopentadiene 100 ATSDR 1999b NA N A - NA 
Hexachloroethane 246 ATSDR 1997b - N A N A - NA 

Value for Value for Value for Value for 
Indeno( l,2,3cd)pyrene 2.67 benzo(a)pyrene 35.5 benzo(a)pyrene 35.5 benzo(a)pyrene 35.5 benzo(a)pyrene 
Pentachlorophenol 12.3 ATSDR 1 9 9 4 ~  8.52 Eisler 1989 8.52 Eisler 1989 8.52 Eisler 1989 

Value for Value for Value for Value for 
Phenanthrene 666 flu~anthene 35.5 benzo(a)pyrene 35.5 benzo(a)pyrene 35.5 benzo(a)pyrene 

Value for Value for Value for Value for 
Pyrene 2.67 benzo(a)pyrene 35.5 benzo(a)pyrene 35.5 benzo(a)pyrene 35.5 ben~o(a)p)~ene 

VOLATILE. 
1.1,1,2-Teuachloroethane 1 187 1 ATSDR 1996a ( - 1 NA I .. 1 N A I 1 N A 

Sample et al. 1996: Aroclor 1242 and Aroclor 1242 and Aroclor 1242 and 
Aroclor 1016 2.2 A r d o r  1254 value 7.5 1254 values 7.5 7.5 1254 values 1254 values 

I Aroclor 1254 
value; Aroclor Aroclor 1242 and Aroclor I242 and Aroclor 1242 and 

Aroclor 1221 0.44 1242 value 7.5 1254 values 7.5 1254 values 7.5 I254 values 
Aroclor 1242 

NA = Not Applicable 
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I - Chemicals that are bioaccumulative. 
NA = Not Available 

Aroclor 1242 

Aroclor 1248' 

Aroclor 1254' 
Aroclor 1260' 

5500 

5500 

5500 

54000 

22.7 

22.7 

22.7 

22.7 

242.29 

242.29 

242.29 

2378.85 
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Step 2 Ecological Quotients for Aquatic Communities for COPCs 
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I - Chemicals that are bioaccumulative. 
NA = Not Available 



Table 5-14 

Aquatic Species Maximum Concentration Hazard Quotient Values 
LMC Middle River Complex, Middle River, Maryland 



Summary of Ecological COPC Remaining After Step 2 Risk Assessment 
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Volatile Organics 

1.1,1,2-Tetrachloroethanr I I I l x l x l x  
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X - COPC remaining after Step 2 

x - COPC remaining after Step 2 (only COPC because 112 RL greater than STV or No S N  available) 

NA - Not Applicable to this media 
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Bioaccumulation Factors for the Step 3 Aquatic Food-web 
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Vinyl acetate I 8.2 N A N A 
Xylenes, total 24.5 

PCBs 
40 

Aroclor 101 6'  

Aroclor 1 22 1 ' 
Aroclor 1232' 

Aroclor 1242' 

Aroclor 1 248 ' 
Aroclor 1254' 
Aroclor 1260' 

0.61 

- Chemicals that are bioaccumulative. 
NA = Not Available 

153.3 

153.3 

153.3 

153.3 

153.3 

153.3 

205 1.5 

22.7 

22.7 

22.7 

22.7 

22.7 

22.7 

22.7 

6.75 

6.75 

6.75 

6.75 

6.75 

6.75 

90.37 
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' - Chemicals that are bioaccumulative. 
NA = Not Available 
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Aquatic Species Mean Concentration Hazard Quotient Values 
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Step 3 Ecologicnl COPC Remaining after Risk Assessment 
I.MC Middle River Complex, Middle River, Maryland 
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Slep 3 Emlogical COPC Remaining nner Risk Assessment 
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PCBs 

X - COPC remaining alter Step 3 
x - COPC remaining after Step 3 (only COPC because 112 RL greater than S N  or No STV available) 
NA - Not Applicable to this media 
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I - Chemicals that are bioaccumulative. 
NA = Not Available 

PCBs (ug/kg) 

1.31 

1.31 

131 

1.31 

1.31 

1.31 

5.44 

Aroclor 101 6' 

Aroclor I22 1 ' 
Aroclor 1232' 

Aroclor 1242' 

Aroclor 1 248' 

Aroclor 1254' 
Aroclor 1260' 

29.7 

29.7 

29.7 

29.7 

29.7 

29.7 

123.5 

22.7 

22.7 

22.7 

22.7 

22.7 

22.7 

22.7 
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Step 3 Ecological Quotients for Aquatic Communities for COPCs at Reference Locations (5w-1 and 5w-2) 
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Step 3 Ecological Quotients for Aquatic Communities for COPCs at Reference Locations (SW-1 and SW-2) 
LMC Middle River Complex, Middle River, Maryland 
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Aroclor 1016 
Aroclor 1221 
Aroclor 1242 
Aroclor 1248 
Aroclor 1254 
NA = Not Available 

0.45 
0.45 
0.45 
0.45 ' 

0.45 

0.28 
0.28 
0.053 
0.08 1 
0.033 

1.61 
1.61 
8.49 
5.56 
13.64 



Table 5-25 

Ecological Risk Assessment Summary 
LMC Middle River Complex, Middle River, Maryland 

respect to sediment screening values organic compounds, and 7 PCB Aroclors were > 1, indicating potential 

Long-term health and reproductive capacity 
of omnivorous aquatic avian species 
(Mallard duck) 

Long-term health and reproductive capacity 
of picivorous aquatic avian species (Belted 
kingfisher) 

Long-term health and reproductive capacity 
of picivorous aquatic avian species (Great 
blue heron) 

Long-term health and reproductive capacity 
of omnivorous aquatic mammalian species 
(Raccoon) 

Evaluation of dose in prey based on surface 
water and sediment data and dietary 
exposure models 

Evaluation of dose in prey based on surface 
water and sediment data and dietary 
exposure models 

Evaluation of dose in prey based on surface 
water and sediment data and dietary 
exposure models 

Evaluation of dose in prey based on surface 
water and sediment data and dietary 
exposure models 

risk to benthic invertebrate communities. 
Risks from 3 metals, 20 semi-volatile organic compounds, and 44 
volatile organic compounds could not be determined due to the lack of 
toxicological information. 
The NOAEL HQ for all COPCs was below 1.0 indicating acceptable 
risk. 
Risks from four semi-volatile organic compounds and one volatile 
organic compound could not be determined due to the lack of 
toxicological information. 
The NOAEL HQ for all COPCs, except mercury and Aroclor 1260, was 
below 1.0 indicating acceptable risk. 
LOAEL HQs for mercury and Aroclor 1260 were less than 1.0 indicating 
acceptable risk as no adverse effects are expected. 
Risks from four semi-volatile organic compounds and one volatile 
organic compound could not be determined due to the lack of 
toxicological information. 
The NOAEL HQs for all COPCs except, mercury. hexachlorobenzene, 
and Aroclor 1260, were less than 1 .O indicating acceptable risk. 
LOAEL HQs for hexachlorobenzene and Aroclors 1260 were less than 
1.0 indicating acceptable risk as no adverse effects are expected. 
LOAEL HQ for mercury were greater than 1.0 indicating possible risk to 
the great blue heron. 
Risks from four semi-volatile organic compounds and one volatile 
organic compound could not be determined due to the lack of 
toxicological information. 
The NOAEL HQs for all COPCs, were below 1.0 indicating acceptable 
risk. 
Risks from two semi-volatile organic compounds could not be 
determined due to the lack of toxicological information. 
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Figure 5-1. The EPA Eight-Step Ecological Risk Assessment Process for Superfund 



Figure 5-2. Map of LMMR study site with locations marked where surface water and sediment were 
sampled. Sampling was conducted in March and October 2005. 







Section 6 

Summary and Conclusions 

Summary 

Surface water and sediment sampling was performed on waterways adjacent to the Chesapeake 

Industrial Park. The objectives of the sampling events were as follows: 

To obtain analytical data to quantify the presence or absence of chemicals in the surface 

water bodies surrounding the waterfront area of the MRC. 

To quantify potential risks to human and ecological receptors in this area. 

Chemical data for surface water and sediments was collected during two field events conducted in 

2005. That data provides the basis for the HHRA and ERA for the area. 

The HHRA determined that non-cancer risks are acceptable for both surface water and sediment 

because the calculated Hazard Index is less than 1 .O. Potential carcinogenic risks for surface water 

are less than the MDE's threshold level of 1 X 10". Potential carcinogenic risks for sediment are 

within the EPA's acceptable risk range of 1 x to 1 x but exceed the MDE's threshold 

level of 1 X lo-" Therefore, additional consideration of contributing carcinogenic COPCs in 

sediment may be necessary. The primary contributors to carcinogenic risk in sediment include: 

arsenic, PAHs, and PCBs. 

The ERA determined that the receptors potentially at risk are: lower trophic level organisms 

consisting of water-column communities as well as the benthic invertebrates; and upper trophic 

level organisms represented by the great blue heron through the food-web exposure model. One 

surface water COPC (cadmium) and five sediment COPCs (barium, silver, benzo(a)pyrene, 

benzo(g,h,I,)perylene, and indeno(l,2,3-cd)pyrene) are the primary contributing COPCs. Mercury 
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in the diet of the great blue heron was also identified as an ecological concern through food chain 

modeling. 

Conclusions 

Based on the human health and ecological risk assessments, additional consideration of the 

primary contributing COPCs maybe warranted. These include the following: 

Arsenic is identified as a potential human health risk concern in sediment. Arsenic is a 
naturally occurring metal and is typically found in soils and sediments in Maryland. To 
determine if additional action is warranted, the contribution of arsenic from background 
should be addressed. Typical sediment background concentrations may produce a 
potential carcinogenic risk of 1 x lo-'. 

PAHs in sediment are identified as contributors to potential human health and ecological 
receptors. The most toxic PAH, benzo(a)pyrene, is associated with higher concentrations 
of PAHs located near the shore and at the far northeastern end of Dark Head Cove. It 
appears the adjacent land or more likely storm water outfalls in these locations are 
contributing the PAHs in sediment. 

PCBs are identified as potential human health risk concern in sediment. Elevated 
concentrations of PCBs are localized in Dark Head Cove in the vicinity of sample 
locations SD-9 and SD-27. Somewhat lower concentrations were detected in the 
sediments along the bulkhead extending from SD-22 to SD-13 and in some samples from 
the middle portion of Dark Head Cove. 

Cadmium was identified as a potential concern to ecological receptors in surface water. 
Barium, silver, benzo(a)pyrene, benzo(g,h,I,)perylene, and indeno(l,2,3-cd)pyrene were 
identified as contributing COPCs to ecological risk in sediment. Mercury in the diet of the 
great blue heron was also identified as an ecological concern. 
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