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7.0 ECOLOGICAL RISK ASSESSMENT 

The overall purpose of an ecological risk assessment (ERA) is to evaluate the likelihood that 

adverse ecological effects would occur or are occurring as a result of exposure to one or more 

physical or chemical stressors. The assessment evaluates the potential effects of chemicals on 

terrestrial and aquatic receptors (e.g., flora and fauna) and their habitats, including the 

consideration of protected species and sensitive or critical habitats, and identifies particular 

chemical stressors that may cause adverse effects (ecological COPCs). 

Because no risk assessment guidance has been developed specifically for the RCRA program, 

guidance designed for Comprehensive Environmental Response, Compensation and Liability Act 

(CERCLA) sites was followed. The following guidance documents were consulted during the 

risk assessment process: 

Ecoloaical Risk Assessment Guidance for Superfund: Process for Designing and 

Conducting Ecological Risk Assessments. USEPA 1997a. 

Supolemental Guidance to RAGS: Region N Bulletins. Ecological Risk 

Assessment. USEPA 2001. Originally published November 1995. Website 

version last updated November 30,2001. 

<http://www.epa.gov/region4/waste/ots/ecm> 

Amended Guidance on Ecological Risk Assessment at Militaw Bases: Process 

Considerations, Timing of Activities, and Inclusion of Stakeholders. USEPA 

Region N, Memorandum 4WD-OTS, 2000. 

. Naw Policv for Conducting Ecological Risk Assessments. Chief of Naval 

Operations (CNO) 1999. 

. Guidelines for Performing Screening Level Ecological Risk Assessments Within 

the North Carolina Division of Waste Management, NCDENR Division of Waste 

Management. October 2003b. 



The ERA process under CERCLA consists of eight steps (USEPA 1997a): 

1. Preliminary Problem Formulation and Ecological Effects Evaluation 

2. Preliminary Exposure Estimate and Risk Calculation 

3. Baseline Risk Assessment Problem Formulation 

4. Study Design and Data Quality Objectives 

5. Field Verification of Sampling Design 

6. Site Investigation and Analysis of Exposure and Effects 

7. Risk Characterization 

8. Risk Management 

The Navy Policy for Conducting ERAS (CNO 1999) clarifies and interprets the USEPA process 

and organizes the eight steps into three tiers. Under both Navy and EPA policy, if the results of 

Step 1 and Step 2 (Navy Tier 1) indicate that, based on a set of conservative exposure 

assumptions, there are chemicals present in envionmental media that may present a risk to 

receptor species/communities, the ERA process proceeds to the baseline ERA. According to 

Superfund guidance (USEPA, 1997a), Step 3 represents the problem formulation phase of the 

baseline ERA and includes a refinement of conservative exposure assumptions. Under Navy 

policy, the baseline ERA is defined as Tier 2, and the refinement of conservative exposure 

assumptions is identified as Step 3a. Step 3a precedes the baseline risk assessment problem 

formulation (Step 3b). In Step 3% the conservative exposure assumptions applied in Tier 1 are 

refined and risk estimates are recalculated using the same conceptual site model. The evaluation 

of risks in Step 3a may also include consideration of background data, chemical bioavailability, 

and the 6equency of detection. If the re-evaluation of the conservative exposure assumptions 

supports an acceptable risk determination, the site may exit the ERA process. 

This document presents a Screening Level Ecological Risk Assessment (SLERA), which includes 

Step 1 and Step 2 of the eight-step process, and a refinement of conservative exposure 

assumptions (Step 3a). 

Step I: Prelim'nay Problem Formulation and Ecological Effects Evaluatwn 

This step is designed to help answer the question "Is there an ecology here to 

protect?" 



Ecological Setting 

Fate and Transport Mechanisms 

Potentially Complete Exposure Pathways 

Step 2: Preliminmy Exposure Estimate and Rbk Calculation 

This step is designed to help answer the question "Are risks to ecological receptors present at the 

site?'' 

Data Collection and Evaluation 

Abiotic Screen 

Uncertainty and Data Gaps 

Scientifichianagement Decision Point 

SLERA Summary 

S#ep 3A: Refining the List of COPCs 

Refinement of Exposure and Effects Level Estimates 

Additional Considerations 

Uncertainty Associated with Step 3A 

Step 3A Summary 

It should be noted that Step 3A is only conhcted if it is determined that potential ecological 

effects are possible based on the results of Steps 1 and 2. The conclusion of the SLERA and Step 

3A (if applicable) will be one of the following (NCDENR 2003b): 

There is adequate information to conclude that the ecological risks are negligible 

The site has inadequate data to complete the risk characterization. Data gaps need 

to be filled prior to completion of the screening process. 

The information indicates a potential for adverse ecological effects and a more 

thorough assessment is warmnted. 



The following sections describe the general technical approach and results of the risk evaluation 

at S7DJMU 2611297. 

7.1 Step 1 - Preliminam Problem Formohtion and Ecoloeical Effeets Evaluation 

Screening-level problem formulation concerns the development of a preliminary conceptual 

model for the site that includes a description of the ecological setting including discussion of 

contaminants known or suspected to exist at the site and potential contaminant fate and transport 

mechanisms, and the identification of potentially complete exposure pathways (USEPA 1997a). 

Information gathered as part of Step 1 of the SLERA is used to answer the question: "Is there an 

ecology here to protect?" (NCDENR 2003b). 

7.1.1 Ecological Setting 

An understanding of the ecological setting of the site is an important component of the SLERA. 

A discussion of the ecological setting generally includes a description of SWMU operations, the 

regional ecological setting, and the SWMU-specific ecological setting. A detailed description of 

the Base, including the history and mission of the Base, a summary of hazardous wastes 

generated, and detailed information regarding the regional ecological setting, including 

topography and surface features, surface water hydrology, geology, hydrogeology, land use and 

demographics, climatology, water supply, ecological characteristics, wetlands, and threatened and 

endangered species information is provided in Section 2.0 of the Phase II - SWMU Confumatory 

Sampling Report (Baker 2002b). Information on the site-specific ecological setting follows. 

The ecological setting of SWMU 2611297 was evaluated via examination of historical 

information and a site visit conducted by an ecologist on March 3 1, 2004. During the site visit, 

which lasted approximately one hour, the Checklist for Ecoloejcal Assessments/Sampling 

(Appendix A, NCDENR 2003b) was completed. This checklist, including photographs of the site 

taken during the site visit, is presented as Appendix N. 

SWMU 2611297 is comprised of two adjacent areas. SWMU 261 was a 550-gallon, steel UST 

that was in operation since 1970 and SWMU 297 was the associated steel oillwater separator. 

Both SWMUs contained oil, grease, and water debris and have since been removed from service. 

A detailed history of the SWMUs is provided in Section 1.0. An aerial view of the study area 

taken subsequent to the removal of the UST and oillwater separator is provided as Figure 7-1. 



The area immediately surmundimg the former SWMU location is covered with a maintained lawn 

of gasses and low-lying herbaceous species. The area to the north is industrialized. To the south 

of the SWMU the ground slopes downhill into a wooded area. The woods are bisected by an 

approximate 30-foot wide treeless corridor, along which an above ground pipe runs northwest to 

southeast (Photos 1 and 2, Appendix N). 

A drainage ditch south of the SWMU accepted discharge from SWMU 297 and currently drains 

rainwater (Photos 3 and 4, Appendix N). This ditch leads into a wooded area (Photos 5 through 

8, Appendix N) dominated by loblolly pine (Pinws taeda) intermixed with hardwood species (e.g., 

Magnolia sp.). Ground vegetation in this wooded area was sparse as a result of a dense layer of 

pine needles. No birds, mammals, reptiles, or amphibians were observed during the site visit; 

however the habitat is suitable for a variety of woodland creatures. 

The drainage ditch continues through the wooded area and ends at an unnamed tributary to 

Cogdels Creek, which is located approximately 120 feet south of the SWMU (F'hotos 9 and 10, 

Appendix N). During the March 2004 site visit, which occurred during dry conditions following 

heavy rains: the preceding night and morning, the stream was very turbid and fast flowing and was 

4 to 6 feet in width. The stream bottom was sandy. No aquatic plants or insects were observed 

within the water column. The stream flows east-southeast to Cogdels Creek (a tributary of the 

New River), which is located approximately 1,000 feet east of the SWMU. 

Based on groundwater contours (see Section 3.3.2), groundwater flow direction in the surficial 

aquifer is to the east-southeast. There is the potential for discharge of groundwater to the 

unnamed tributary to Cogdel's Creek (located approximately 120 feet south of the SWMU) and to 

Cogdels Creek (located approximately 1,000 feet east of the SWMU). 

No protected species have been reported or observed at the SWMU. The SWMU is not located 

within any areas identified as ecologically protected or of significant natural value. No 

endangered species were noted during the site visit nor were endangered species referenced at the 

site duringthe endangered species survey (LeBlond et al., 1994). 



7.12 Fate and Transport Mechanisms 

A transport pathway describes the mechanisms whereby chemicals may be transported from a 

source of contamination to ecologically relevant media. Transport pathways for SWMU 2611297 

are illustrated in the preliminary ecological conceptual model (Figure 7-2). As depicted in the 

preliminary ecological conceptual model, the primary mechanisms for chemical transport from 

potential source areas are believed to include the following: 

. Overland transport of chemicals with surface soil via surface runoff to 

downgradient surface soil and aquatic habitat. 

- Leaching/desorption of chemicals from surface soil or subsurface soil to 

groundwater and subsequent discharge to surface water bodies. 

Uptake by biota from soil and trophic fransfer to upper trophic level receptors 

Volatile emissions from surface soils and erosion releasing fugitive dusts to the 

atmosphere. 

Although a potentially complete and significant pathway, as per USEPA Region IV Guidance 

(USEPA, 2000b) the transfer of chemicals to upper trophic level ecological receptors via food 

chain uptake is beyond the scope of the SLERA and therefore is not evaluated in this report. 

7.13 Potentially Complete Exposure Pathways 

An exposure pathway links a source of contamination with one or more receptors through 

exposure via one or more media. Exposure, and thus potential risk, can only occur if each of the 

following components exists: 

• A source and mechanism of chemical release into the environment 

An environmental transport medium 



- A point of potential contact between an ecological receptor and the medium 

A feasible exposure route at the contact point 

An exposure route describes the specific mechanism(s) by which a receptor is exposed to a 

chemical present in an environmental medium. The most common exposure routes are direct 

uptake, dermal contact, ingestion, and inhalation. Although the SWMU is not located in the 

immediate vicinity of an aquatic habitat, potential exposure to aquatic as well as terrestrial 

receptors is discussed in the following paragraphs because of the potential for the SWMU to 

impact a downgradient aquatic habitat via groundwater discharge or surface runoff. 

Terrestrial plants may be exposed to chemicals present in surface soils through their root surfaces 

during water and nutrient uptake. Unrooted, floating aquatic plants, rooted submerged aquatic 

plants, and algae may be exposed to chemicals directly from the water or (for rooted plants) from 

sediments. Terrestrial and aquatic invertebrates may be exposed to chemicals in soil, sediment, or 

surface water through dermal adsorption and ingestion. Much of the toxicological data available 

for terrestrial and aquatic invertebrates are based on in sihr studies that represent both dermal and 

ingestion pathways; therefore, both pathways are considered together in the risk evaluation. 

Upper tmphic level receptors may be exposed to chemicals through: (1) the inhalation of gaseous 

chemicals or chemicals adhered to particulate matter; (2) the incidental ingestion of contaminated 

abiotic media (e.g., soil or sediment) during feeding or cleaning activities; (3) the ingestion of 

contaminated water, (4) the ingestion of contaminated plant andlor animal tissues for chemicals 

that have entered food webs; andlor (5) dermal contact with contaminated abiotic media. These 

exposure routes (with the exception of the inhalation route) are depicted on Figure 7-2. Their 

relative importance depends in part on the chemical being evaluated. For chemicals having the 

potential to bioaccumulate (e.g., polychlorinated biphenyls [PCBs]), the greatest exposure to 

wildlife is likely to be from the ingestion of prey. For chemicals having a limited potential to 

bioaccumulate (e.g., aluminum), the exposure of wildlife to chemicals is likely to be greatest 

through the direct ingestion of abiotic media, such as soil or sediment. 



For upper troph'i level receptors, certain potential exposure pathways a n d h  routes (e.g., dermal 

contact and inhalation), although potentially complete, are considered insignificant relative to 

other pathways (e.g., ingestion) due to low potential for exposure. The relative insignificance of 

the dennal exposure pathway is supported by the low potential exposure frequency and duration, 

and the,protection offered by feathers, fur, and scales to avian, mammalian, and reptilian 

receptors as outlined in Suter I1 et al. (2000) and USEPA (2000~). Literature reviews indicate 

that dermal exposures to wildlife fkom classes of chemicals known or suspected to be of concern 

via dermal adsorption (VOCs, organophosphate pesticides, and petroleum compounds) are often 

overestimated in laboratory studies (where feathersffur are removed) and do not represent realistic 

exposure scenarios (USEPA, 2000~). Moreover, in developing soil screening levels for 24 

important compounds identified fmm National Priorities List (NPL) sites and Biological 

Technical Assistant Group (BTAG) recommendations, USEPA calculated that the contribution of 

dermal exposures to the total dose received by terrestrial receptors to be 0.5 percent or less and 

therefore omitted the dermal pathway from in' their exposure estimates (USEPA, 2000~). 

Inhalation of gaseous chemicals and chemicals adhered to particulate matter (e.g., soil) is also 

considered insignificant relative to ingestion pathways. As described above for dermal 

exposures, excluding the inhalation pathway fmm the risk evaluation is consistent with Suter IJ et 

al. (2000) and USEPA (1997b and 2000c), which recognize the relatively small conhibution the 

inhalation pathway contributes to exposure estimates. For example, USEPA (2000~) estimates 

the expected contribution of exposure to dust particles and VOCs via inhalation to be 0.01 percent 

and 0.5 percent or less, respectively relative to ingestion. When present, vegetative groundcover 

and litter layers further minimize suspension of dust and the potential for inhalation exposures to 

chemicals adhered to particulate matter. 

As noted above, the evaluation of potential risks to upper trophic level receptors is beyond the 

scope of the SLERA; however, should the site proceed to Step 3A of the ERA process, the 

bioaccumulative potential of chemicals will be considered qualitatively when determining the 

need for additional evaluation. 

A discussion of potential complete exposure pathways for ecological receptors at the SWMU is 

presented below. Specific pathways addressed by the SLERA are also identified. 



Groundwater Exposure Pathway. The potential release sources for the groundwater exposure 

pathway are surface and subsurface soils that may have been contaminated as a result of prior 

spills or leaks from the UST or underground piping associated with the oil water separator, or 

from discharge from the oiVwater separator. Release mechanisms are Ieachigldesorption of 

chemicals to subsurface soil and vertical migration with infiltrating precipitation to groundwater 

(or leachingldesorption directly to groundwater). 

Although groundwater is not inhabited by ecological receptors, receptors may potentially be 

exposed to chemicals in groundwater if the chemicals migrate to surface water and/ or sediment. 

Based on groundwater contours (see Section 3.3.2), groundwater flow direction in the surficial 

aquifer is to the east-southeast. There is the potential for discharge of groundwater to the 

unnamed tributary to Cogdel's Creek (located approximately 120 feet south of the SWMU) and to 

Cogdels Creek (located approximately 1,000 feet east of the SWMU). 

The evaluation of potential exposures resulting from the migration of chemicals with groundwater 

to off-site aquatic habitats is addressed in the evaluation of the surface water and sediment 

exposure pathway below. 

Surface Water and Sediment Exposure Pathway. The potential release source for the surface 

water and sediment exposure pathway is contaminated groundwater migrating from the site and 

contaminated soils migrating to off-site aquatic habitat via surface runoff via the drainage ditch. 

Historically, discharge from the former oiVwater separator (which would be released into the 

drainage ditch leading to the unnamed tributary to Cogdel's Creek) may have also served as a 

release source for the surface water and sediment exposure pathway. 

Aquatic life (e.g., fish and invertebrates) may be exposed to chemicals that have potentially 

migrated to off-site aquatic habitats through incidental ingestion, direct contact, and ingestion of 

plant andlor animal tissues for chemicals that have entered the food web (i.e., food chain 

transfer). Aquatic vegetation within these areas may be exposed to chemicals directly from the 

water (direct contact) or through root uptake from the substrate. Manunals and birds using the 

aquatic habitat as a potential food andor drinking water source may be exposed to chemicals in 

surface water and sediment through ingestion, direct contact, and food chain transfer. 



Other receptors that may forage within aquatic areas include reptiles and amphibians. The 

potential exposure routes for reptiles and amphibians are ingestion of surface water and sediment, 

direct contact with surface water and sediment, and food chain transfer. It is noted that for all 

potential receptors, exposures from food chain transfer will be limited to those chemicals that 

bioaccumulate in lower trophic level organisms or biomagnify through successive wphic levels. 

It should be noted that there is no direct evidence that groundwater from the site is migrating to a 

surface water body. However, because there is potential for discharge of groundwater to the 

unnamed tributary to Cogdel's Creek and to Cogdel's Creek, as a conservative measure, the 

surface water and sediment exposure pathway for aquatic receptors was evaluated by comparing 

groundwater analytical data to surface water screening values for freshwater. This evaluation 

assumes discharge of groundwater to suitable aquatic habitat with no dilution or natural 

attenuation. Surface water and sediment data were not collected from the unnamed tributary 

because a direct connection between the source of contamination at the site and this habitat has 

not been established at this point. 

Subsurface and Surface Soil Exposure Pathway. The release source for the subsurface and 

surface soil exposure pathway is the material that may have spilled or leaked from the UST or 

underground piping associated with the oil water separator. Chemicals may remain in site soils or 

migrate via surface mnoff and fugitive dust emissions. The potential for contaminant migration 

via fugitive dust emissions is addressed in the air exposure pathway. 

Soil invertebrates, such as earthworms, may be exposed to chemicals in surface soil through 

direct contact and ingestion. Terrestrial plants may be exposed to chemicals in surface soil 

through root uptake. Terrestrial birds may be exposed to chemicals in surface soil through 

incidental ingestion and food chain transfer. Mammals, amphibians, and reptiles may be exposed 

to chemicals in surface soil through incidental ingestion and food chain transfer. For all potential 

terrestrial receptors, exposure from food chain transfer will be limited to those chemicals that 

bioaccumulate in lower trophic level organisms or biomagnify through successive trophic levels. 

Subsurface soil is not considered a complete exposure pathway for terrestrial receptors for the 

following reasons (Suter 11 1995): 



The mass of most root systems is within the surface soil 

Most soil heterotrophic activity is within the surface organic layer 

Soil invertebrates occur on the surface or within the oxidized root zone 

Surface soil is considered a complete exposure pathway for terrestrial receptors. The surface soil 

exposure pathway was evaluated by comparing contaminant concentrations in the surface soil to 

soil screening values. 

Air Exposure Pathway. Contaminated surface soil may serve as a release source for the air 

exposure pathway (figitive dust emissions from wind erosion). In addition to this release 

mechanism, volatilization of chemicals from surface soil may occur. TetTestrial mammals, birds, 

amphibians, and reptiles may be exposed to chemicals in fugitive dust emissions or chemicals 

that may have volatilized from the SWMU through inhalation. As discussed above, the area 

above and around the former UST and oil water separator is covered by a maintained lawn. This 

lawn minimizes fugitive dust emissions to ambient air and would also limit the area over which 

volatilization of chemicals could potentially occur. Burmwing mammals may be exposed to 

volatile emissions in subterranean passageways; no data on VOCs in shallow subsurface soils 

were available at this site. However, VOCs in surface soils at the SWMU were detected 

infrequently, with concentrations exceeding screening values limited to one location (SWMU261- 

SSOI; Table 7-3). Available subsurface soil data were collected from 12-14 feet bgs. With the 

exception of the common laboratory contaminant acetone, no VOCs were detected in these 

subsurface soils. Furthermore, as discussed previously, the inhalation exposure pathway is 

considered insignificant relative to the ingestion pathway. For these reasons, the air exposure 

pathway is considered insignificant and is not evaluated in this risk assessment. 

7.1.4 Conclusions of Step 1 

Step 1 of the SLERA posed the question "Is there an ecology here to protect?" Based on 

information regarding the ecological setting of the site, fate and transport mechanisms, and 

potentially complete exposure pathways, which are discussed in the preceding sections, there is 

an ecology at the site to protect. Terrestrial habitat on site consists of a manicured lawn that leads 

into an off-site wooded habitat. This habitat may have been impacted by historical site activities. 



Potential migration of contaminated groundwater and surface soils to off-site aquatic habitats 

(e.g., unnamed tributary to Cogdel's Creek and Cogdel's Creek) is also a concern. An evaluation 

of the potential for ecological effects to occur in each of these habitats is presented in the 

following section. 

7.2 Step 2 - Screenine-Level Preliminarv Exposure Estimate and Risk Calculation 

Step 2 of the ERA process consists of the preliminary exposure estimate and risk calculation. 

The following sections describe the data available for the preliminary exposure estimate, and the 

methods and results of the abiotic screen. 

7.2.1 Data Used in the SLERA 

Data available for the SLERA at SWMU 2611297 include surface soil, subsurface soil, and 

groundwater data collected for the Phase I CSI (Baker 2001a), Phase I1 CSI (Baker 2002h), and 

the current RFI field investigation. These investigations were conducted in series with specific 

goals for each investigation. The Phase I investigation was conducted to determine if activities 

associated with the SWMU had possibly impacted the environment surrounding the SWMU. 

Therefore, the samples collected as part of this investigation were located as near the SWMU as 

physically possible or in areas where evidence of possible environmental impact had been 

observed. If a specific group of contaminants were not detected in the samples (e.g. volatiles), 

then they were eliminated as contaminants of concern for that particular SWMU. As such, 

subsequent investigations did not include any group of contaminants that had been eliminated as a 

potential contaminant of concern. 

As part of the Phase 1 CSI conducted in September 1997, surface (0-2 feet bgs) and subsurface 

(12-14 feet bgs) soil samples were collected from each of four soil borings advanced around the 

perimeter of the SWMU. In addition, a surface soil sample was collected from the nearby 

drainage ditch approximately 15 feet from the SWMU. The soil samples were analyzed for 

VOCs, SVOCs, and RCRA metals. Analyses of BTEX constituents were included in both VOC 

and SVOC analyses, with VOC data having lower detection limits and therefore less uncertainty 

than SVOC data. 



As part of the Phase I1 CSI conducted in March and April 2002, surface soil samples (0-1 foot 

bgs) were collected from four temporary well borings and from two locations along the drainage 

ditch south of the site, subsurface soil (13-15 feet bgs) was sampled from one temporary well 

boring, and groundwater was sampled h m  fow temporary wells. The soil and groundwater 

samples were analyzed for RCRA metals. VOC and SVOC analyses were not included in the 

Phase Il CSI because VOCs and SVOCs detected during Phase I were detected at concentrations 

less than background criteria andlor NC DENR soil to groundwater screening criteria and USEPA 

Region IX residential PRGs (Baker 2001a). Because detected VOCs and SVOCs did not exceed 

these comparison criteria in the samples collected closest to the SWMU, the COPC list was 

reduced to include only RCRA metals based on the Phase I results. 

The RFI field investigation included the collection of two snrfaee soil samples (0-1 foot bgs) and 

three groundwater samples from groundwater monitoring wells, and aquifer properties testing. 

The soil and groundwater samples were analyzed for RCRA metals (total fraction in 

groundwater). Groundwater sample SWMU261-MW02 was analyzed for both total and 

dissolved RCRA metals due to high turbidity. Soil samples were additionally analyzed for pH. 

Groundwater samples were additionally analyzed in the field for pH, specific conductance, 

dissolved oxygen, temperature, and turbidity. 

A subset of the available data was used for this SLERA. All surface soil samples collected from 

0-1 feet bgs were included in the ecological data set  Soils from depths greater than I-foot bgs 

are generally not included in a SLERA because they are not representative of the most 

biologically active soil zone. However, the five surface soil samples collected from 0-2 feet bgs 

during the Phase I CSI were included in the ecological data set because they were collected from 

the area immediately surrounding the former oiVwater separator and from the drainage way (a 

potential migration pathway) in areas not represented by the 0-1 foot surface soil data. It is 

noted that the use of the 0-2 foot bgs surface soil samples adds uncertainty to the risk evaluation. 

In addition to not being representative of the most biologically active soil zone, the inclusion of 

soils from 1-2 feet bgs in these samples may dilute the concentration of any contaminants that 

may be presenf in the top foot of sail. This uncertainty is addressed in Section 7.2.3. No 

subsurface soil data were included in ecological data set. All available groundwater data were 

included in the ecological data set. Surface soil and groundwater data used for the ecological 

risk assessment are the same as those used for the HHRA. These data are summarized on Table 

7-1 and are presented in full in Appendix 1. 



Duplicate samples were included in the data set by the following means: In instances where the 

original and duplicate sample were both detected or both non-detected the values were averaged 

for the risk assessment. In instances when the original and duplicate samples contained one 

detection and one nondetection, the detected value was averaged with one-half of the detection 

limit of the non-detected value and the sample was considered a detection. 

7.2.2 Abiotic Screen 

The screening-level exposure estimate and risk calculation provides a highly conservative 

evaluation of potential ecological risks at a site. Although upper trophic level receptors (e.g., 

terrestrial mammals, piscivorous birds) may be identified as potential receptors at the site, the 

SLERA is limited to a comparison of analytical data to media-specific screening values. 

Screening values used in the SLERA are those provided in the NCDENR SLERA Guidance 

(2003b) and are consistent with ecological screening values established by USEPA Region N 

(USEPA 2001). The sections that follow describe the various criteria and toxicological 

benchmarks used as screening values (toxicological thresholds) for chemicals analyzed in 

groundwater and surface soil. USEPA Region N chemical-specific surface water and soil 

screening values are summarid on Table 7-2. The screening values represent conservative 

exposure thresholds above which adverse ecological effects may occur. 

7.2.2.1 Media-Specific Screening Values 

Sur/oce Water Screening Values 

Two sets of surface water screening values (SWSVs) were used in the SLERA, Region N 

SWSVs and North Carolina State Surface Water Quality Standards for Aquatic Life. Surface 

water was not sampled at this site; however, fresh surface water screening values were used to 

screen groundwater contaminant concentrations. Both USEPA Region IV freshwater screening 

values and North Carolina Surface Water Quality Standards for Aquatic Life were obtained from 

the North Carolina guidelines for performing SLERAs (NCDENR 2003b). North Carolina 

standards were originally published in the North Carolina Administrative Code (NCAC) Section 

15A NCAC 2B (NCDENR 2003a). 



The chronic freshwater SWSVs for cadmium and lead as well as the chronic value for trivalent 

chromium, are expressed as a function of water hardness. As a conservative measure, chromium 

in site groundwater was assumed to be hexavalent chromium, the more toxic form of the element. 

Therefore the screening value for hexavalent chromium, which is not hardness based, was used in 

the risk assessment. Screening values for cadmium, copper, lead, nickel, and zinc are ideally 

calculated based on site-specific hardness values. Hardness is usually calculated for each 

groundwater sample using the following equation (Franson 1992): 

Hardness = 2.497*[CaIcium](mg/L) + 4.1 18*~agnesium](mglL) 

However, because calcium and magnesium are not included in the RCRA metals analysis, these 

inorganic constituents were not analyzed in the groundwater samples used in the SLERA and site- 

specific hardness wuld not be calculated. A default hardness of 50 mg calcium carbonate per 

liter (CaCOdL) (NCDENR 2003b) was used to calculate SWSVs for total rewverable metals as 

follows (NCDENR 2003b, USEPA 2002): 

Cadmium: SWSV=e (0 74W*ln(hdnea volw 719) 

Lead: SWSV ==(I n3'wh~dneavol~+r 705) 

The use of the default value results in conservative screening values for these chemicals. It should 

be noted that the equation for cadmium provided by NCDENR (2003b) is a National Ambient 

Water Quality Criterion (NAWQC). This equation has been updated to reflect the most recent 

NAWQC (USEPA 2002). 

In the SLERA, only total recoverable metals data for groundwater were considered. This is done 

as a conservative measure. Groundwater does not represent an exposure point for ecological 

receptors. The dissolved fraction of metals in groundwater is more likely to migrate through the 

aquifer than the total fraction; therefore, the use of total groundwater data is likely to overestimate 

potential risks to receptors in surface water bodies into which the groundwater may discharge. 

Dissolved groundwater data were not available at this SWMU with one exception. Both 

dissolved and total groundwater data was available from SWMU261-MW02 (a filtered 

groundwater sample was collected due to the high turbidity in this well). The uncertainty that use 

of total recoverable metals data adds to the risk assessment is addressed in Section 7.2.3. 



The SWSV selected for pentachlorophenol is expressed as a function of pH. A default pH value 

of 7.8 standard units (S.U.) was used to adjust the chronic criterion for this organic chemical 

(USEPA 2002). 

Soil Screening Values 

Surface soil screening values (SSSVs) used in this evaluation were obtained from the NCDENR 

Guidelines for Performing SLERAs (NCDENR 2003b). The recommended soil screening values 

presented by NCDENR are consistent with values recommended by USEPA Region IV in the 

Ecological Risk Assessment Bulletins (USEPA 2001). The original sources for these vabes 

include the following: Beyer (1990), Efroymson et al. (1997a), Efroymson et al. (1997b), 

Canadian Council of Ministers of the Environment (1997), the Dutch Ministry of Housing, 

Spatial Planning and Environment (I 994), and Crommentuijn et a1. (1997). 

7.2.2.2 Hazard Ouotient Calculation 

An HQ was calculated for each chemical by dividing the maximum exposure concentration of the 

chemical by the ecological screening value for that chemical: 

Maximum Exposure Concentration 
Hazard Quotient = 

Screening Value 

The maximum exposure concentration is estimated as the maximum detected concentration of the 

chemical or, in cases where the chemical was not detected in a given media, the maximum sample 

detection limit (MDL)(NCDENR 2003b). HQs exceeding 1.0 indicate the potential for risk since 

the estimated exposure exceeds the estimated effects concentration. However, screening values 

and exposure estimates are derived using intentionally conservative assumptions such that HQs 

greater than one do not necessarily indicate that risks are present w impacts are occurring. 

Rather, they identify chemical-pathway-receptor combinations requiring further evaluation. 

Following the same reasoning, HQs that are equal to or less than one indicate that risks are very 

unlikely, enabling a conclusion of no unacceptable risk to be. reached with high confidence. 



Chemicals were identified as COPCs if they fell in to one or more of the following categories 

(NCDENR 2003b): 

Cateeorv 1 - Chemicals whose maximum detection exceeds the USEPA Region 

IV media specific ecological screening value ( H e  1.0; chemical detected). 

Catezorv 2 - Chemicals that were not detected in any samples for a given media, 

but for which the MDL exceeded the USEPA Region N media specific 

ecological screening value (HQ>I .O; chemical not detected). 

Categom 3 - Chemicals that have no USEPA Region IV ecological screening 

value but were detected above the laboratory sample quantitation level (SQL) 

(No screening value; chemical detected). 

- Cateeorv 4 - Chemicals that were not detected above the laboratory SQL and 

have no USEPA Region IV ecological screening value (No screening value; 

chemical not detected). 

Cateeorv 5 -Chemicals for which the maximum detection or MDL exceeds the 

North Carolina Surface Water Quality Standards (for aqueous samples only). 

Any tentatively identified compounds flICs) or unknown chemicals present at the site would 

have been identified as preliminary COPCs and included as Category 3 contaminants; however, 

no such chemicals were present at the S W .  Chemicals that do not fall in to one or more of the 

contaminant categories were not identified as COPCs. It should be noted that chemicals could be 

classified into more than one category only if one of those categories was Category 5. 

7.2.2.3 Results of the Abiotic Screen 

The results of the abiotic screen for surface soil and groundwater are presented in the sections that 

follow. Chemicals identified as ecological COPCs based on the abiotic screen proceed to Step 

3A of the ERA (Section 7.3). 



Surface Soil 

Five surface soil samples collected from 0-2 feet bgs and eight surface soil samples collected 

from 0-1 feet bgs were evaluated in the SLERA. As discussed in Section 7.2.1, five of these 

samples were analyzed for VOCs and SVOCs and 13 were analyzed for RCRA metals. Table 7- 

3 presents HQ calculations for surface soil. Seventy-six chemicals were identified as ecological 

COPCs in surface soils. One VOC (total xylenes) and four metals (cadmium, chromium, lead, 

and mercury) were identified as Category 1 COPCs because maximum detected concentrations 

exceeded soil screening values. The screening HQ for the Category 1 VOC was 4.20, while 

HQs for Category 1 metals ranged from 1.90 (mercury) to 164.50 (chromium), indicating the 

potential for unacceptable ecological risks. Figure 7-3 presents analytical data of Category 1 

COPCs and indicates detected concentrations that exceeded USEPA Region IV soil screening 

values. 

Seven VOCs, 19 SVOCs, and one metal were not detected but were identified as Category 2 

COPCs because their MDL exceeded soil screening values. HQs for Category 2 COPCs ranged 

from 1 .I5 (for 2,4-dinitrophenol) to 11,500 (for pentachlorophenol). 

Five VOCs (1,2-dichlorobenzene, 1,3-dichlorobenzene, 1,4-dichlorobenzene, 4-methyl-2- 

pentanone and bromomethane) and four SVOCs (bis[2-ethylhexyllphthalate, fluoranthene, 

phenanthrene, and pyrene) were identified as Category 3 COPCs because they were detected at 

the site but lacked soil screening values with which to evaluate potential risks. 

Finally, five VOCs and 31 SVOCs were identified as Category 4 COPCs because they were not 

detected and are lacking soil screening values. 

Groundwater 

Groundwater data used in the SLERA included four samples collected from temporary 

monitoring wells in April 2002 and analyzed for RCRA metals; and three groundwater 

monitoring well samples collected in MarchIApril 2004 and analyzed for RCRA metals. All 

monitoring wells at the SWMU were screened in the surficial aquifer. Groundwater data were 



compared to fresh surface water screening values. Table 7-4 presents HQ calculations for 

groundwater. Each of the eight RCRA metals were identified as ecological COPCs in 

groundwater. Five metals (cadmium, lead, mercury, selenium, and silver) were identified as 

Category 1 COPCs because maximum detected concentrations exceeded fresh surface water 

screening values. All five Category 1 COPCs were also classified in Contaminant Category 5 

because maximum detected concentrations exceeded NCWQS for freshwater aquatic life. HQs 

(calculated with USPEA Region IV screening values) for Category 1 inorganic contaminants 

ranged from 4.74 (selenium) to 91 1.48 (lead). Figure 7-4 presents analytical data of Category 1 

COPCs and indicates detected concentrations that exceed USEPA Region IV screening values or 

NCWQS for freshwater aquatic life. 

No chemicals were classified as COPCs in Category 2. 

Barium and chromium (total) were identified as Category 3 COPCs because they were detected 

in groundwater but lacked freshwater SWSVs with which to evaluate potential risks. Chromium 

was also identified as a Category 5 COPC because detected concentrations exceeded NCWQS 

for aquatic life. 

There were no RCRA metals classified as Category 4 COPCs. Arsenic was identified as a 

Category 5 COPC because its maximum detected concentration exceeded NCWQS for aquatic 

life. Arsenic was not identified as a COPC in any other category. 

723 Uncertainties Associated with the SLERA 

The procedures used in this evaluation to assess risks to ecological receptors, as in dl such 

assessments, are subject to uncertainties because of the limitations of the available data and the 

need to make certain assumptions and extrapolations based on incomplete information. 

Uncertainties associated with the SLERA for SWMU 2611297 and their effects on risk 

conclusions are presented and discussed below. 

Limitations of Available Data Set 

Surface soil samples collected in 1997 were obtained from 0-2 feet bgs. This is a deeper 

sampling depth than is typically included in the SLERA; however, these samples were 



included in the ecological data set because they were collected &om the area immediately 

s u m n d i n g  the former oiVwater separator and above ground storage tank, and from the 

drainage ditch (a potential migration pathway) in areas not represented by the 0-1 foot 

surface soil data. Surface samples from 0-1 feet bgs are preferred for use in an ERA 

because this depth represents the most biologically active soil zone. Jn addition to not 

being representative of the most biologically active soil zone, the inclusion of soils fmm 

1-2 feet bgs in the 1997 samples may dilute the concentration of any contaminants that 

may be present in the top foot of soil (e.g, those deposited directly on to soils or 

transported to downgradient soils via surface rnnoff), or alternatively may elevate 

apparent surface concentrations of those chemicals that may be more prevalent at depths 

greater than 1 foot (e.&, those that have leaked into soils from underground piping). In 

the case of surface soil samples collected in 1997 that were within the drainage way 

(SWMU26ISSOI) contamination is likely to have been deposited on the ground surface 

directly or ria surface runoff. In the case of samples collected in the vicinity of the 

former oil water sepatator (SM261-1S01,  SWIVRT261-IS02, SWMU297-ISOI, and 

SWMU297-IS02), contamination have been deposited on the ground surface andlor 

contaminants may bave leaked from underground piping associated with the oil water 

separator. 

Additional uncertainty is introduced into the risk assessment by the use of the 1997 

surface soil samples because these samples were not validated by an independent third- 

party data validator. Therefore, there is some uncertainty regarding the quality of these 

data. However, as described above, due to the location of these samples and their 

representation of important source and migration pathways at the site, the inclusion of 

these samples in the data set was considered a more conservative approach that would be 

most protective of the environment. 

Surface soil samples collected in 2002 and 2004 were not analyzed for VOCs or SVOCs. 

VOC and SVOC analyses were excluded from the Phase I1 CSI and RFI sampling plan 

because VOCs and SVOCs detected in surface soil during Phase 1 were detected at 

concentrations less than AOC background, Base background, NC DENR soil to 

groundwater screening criteria, and USEPA Region IX residential PRGs (Baker 2001a). 



Because these chemicals were not detected at levels of concern in Phase I of the SWMU 

investigation they were not considered to be of concern at the SWMU and were not 

included in analyses for subsequent investigations. The exclusion of VOCs and SVOCs 

from requested analyses in subsequent phases of inv&igatia at this SWMU is in 

agreement with the phased nature of the investigation (see Section 7.2.1). However, the 

lack of VOC data in surface soil samples collected within the drainage way downgradient 

of SWMU261-SS01 represents a data gap for the ecological evaluation and adds 

uncertainty to the risk assessment because concentrations of total xylenes in SWMU261- 

SSOl were in excess of USEPA Region N soil screening values. The extent of migration 

of this VOC down the drainage way at ecologically significant concentrations is 

unknown Therefore, there is also uncertainty regarding the potential adverse impacts of 

total xylenes to the unnamed tributary to Cogdels Creek located at the outfall of this 

drainage way. 

Groundwater data was used to evaluate potential risks to off-site aquatic habitat that may 

be impacted by groundwater discharge from the SWMU. The evaluation of the 

groundwater migration pathway is included as a conservative approach aimed at 

preventing the removal of chemicals from further consideration when those chemicals 

may be contributing unacceptable risks to the environment. There is no direct evidence 

that groundwater from the site reaches a surface water body, however, there is some 

indication that lead is migrating with groundwater outside the study area at 

concentrations exceeding its surface water screening value (Figure 7-4). The use of total 

metals data and no dilution factors for the evaluation of metals in groundwater adds 

fkrther uncertainty to the risk assessment and is likely to overestimate potential risks 

because dissolved metals are more likely to migrate with groundwater than total metals, 

and because dilution of groundwater occurs upon discharge to surface water. These 

uncertainties are addressed further in Step 3a (Section 7.3.5). 

Identification of Ecolopical COPCs 

There is uncertainty regarding potential risk that may be contributed by chemicals that 

were identified as COPCs but were not detected in site media (Category 2 and Category 4 

COPCs). Method detection limits indicate the maximum concentration above which it 



can be stated with certainty that a given chemical is not present in site media. There is 

some potential for non-detected chemicals to be present at the site at concentrations 

below the method detection limit; however, generally each chemical is as likely to be 

absent from the site or present at levels so low as to not pose unacceptable risk to 

ecological receptors. Therefore, the identification of such chemicals as COPCs is a 

conservative measure designed to be highly protective, but is likely to overestimate the 

potential for adverse effects. 

There is also uncertainty regarding the potential risk that may be contributed by 

chemicals that lack soil or surface water screening values (Category 3 and Category 4 

COPCs). Because toxicological data regarding the potential effects of such chemicals on 

ecological receptors is lacking, it is not possible to quantitatively evaluate risks to 

ecological receptors. The identification of such chemicals as COPCs is a highly 

conservative approach aimed at preventing the elimination of compounds that could have 

harmful impacts on the environment from further consideration. Although this approach 

is conservative, the absence of toxicological data on these chemicals adds uncertainty to 

the couclusions of the risk assessment and may lead to an underestimation or 

overestimation of potential ecological impacts contributed by the SWMU. This 

uncertainty is reduced in Step 3a of the baseline ERA though the introduction of 

additional available toxicological data from the literature for those chemicals lacking 

Region N ecological screening values. 

Some compounds detected in environmental media are known to be common laboratory 

contaminants. These include acetone, 2-butanone, methylene chloride, toluene, and the 

phthalate esters (USEPA 1989). While validation of the data removes uncertainty 

involving laboratory contamination, there is the possibility that detections of such 

compounds in site media reflect laboratory conditions and not site conditions. These 

chemicals were identified as ecological COPCs if they could he classified in to Category 

1,2,3,4, or 5 even though their presence may be unrelated to the site. 



Exwsure Point Concentrations 

As is typical in a SLERA, a finite number of samples of abiotic 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 m g e s  and for 

species populations (even those that are immobile or have limited home ranges) are those 

based on 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 (USEPA 1993), which specify the use of average 

media concentrations. The use of mean concentrations to estimate exposure in a 

refinement (Step 3a of the baseline ERA) is more likely to provide a more accurate 

picture of potential risks at the site. 

A second source of uncertainty related to exposure point concentrations applies to the 

evaluation of groundwater data. In the SLERA, maximum total recoverable metal 

concentrations in groundwater were used as exposure point concentrations in the 

screening level risk calculation assuming discharge to surface waters. Because the 

dissolved fraction of metals in groundwater is more likely to migrate through the aquifer 

than the total fraction, the use of total recoverable metals data may overestimate potential 

risks to receptors in surface water bodies into which the groundwater may discharge. 

This is especially the case when high turbidity was an issue during groundwater 

collection (e.g., data from temporary wells SWMU261 -TWO1 and SWMU261-TW02). 

As indicated previously, dissolved groundwater data was limited at this SWMU. The 

SLERA also assumes no dilution or natural attenuation of groundwater contaminants 

upon discharge to surface water. This is a conservative assumption likely to overestimate 

potential risks by a factor of 10 or more (Buchman 1999). 

Media-specific Screening Values 

Potential adverse impacts to terrestrial flora and fauna were evaluated by comparing the 

detected compound concentrations to surface soil screening values. Screening values 

may not take into account soil type, which may have a great influence on the toxicity of 



the chemicals. For example, soil with high organic carbon content will tend to absorb 

many of the organic compounds, thus making them less bioavailable to terrestrial 

receptors. Some screening values can be developed based on both field and growth 

chamber studies; therefore, the reported toxic concentrations are not always equivalent to 

actual field conditions. In addition, some screening values may be calculated based on a 

low number of studies or may have only examined toxicities to a limited diversity of 

invertebrate species. 

Screening values for some chemicals are based on background soil concentrations and 

not on toxicological studies. The use of these values may overestimate risks at the site. 

Surface water screening levels are established to be protective of most of the potential 

ecological receptors. However, some species will not be protected by the values because 

of their increased sensitivity to the chemicals. For example, the Ambient Water Quality 

Criteda developed by the USEPA, in theory, only protect 95 percent of the exposed 

species. Therefore, there may be some sensitive species present that may not be 

protected with these criteria. In addition, most of the values are established using 

laboratory tests, where the concentrations of certain water quality parameters (pH, total 

organic carbon) that may influence toxicity are most likely at different concentrations 

than in surface waters that may be influenced by the study area. 

The species used to develop the screening values may not be present at the site, or have 

the potential to exist at the site. Depending on the sensitivity of the tested species relative 

to that of the species at the site, use of the toxicity values may overestimate or 

underestimate risk. 

Groundwater data were used to evaluate potential risks to aquatic receptors in off-site 

aquatic habitats via a comparison of data to fresh surface water screening values. 

Because there is no clear indication that groundwater is in fact discharging to an aquatic 

habitat off-site, the inclusion of this evaluation in the risk assessment is a conservative 

feature. Evaluation of surface water and sediment data would provide a more realistic 

evaluation of potential risks to an aquatic habitat; however, no such data were collected 



due to the distance from the nearest downgradient water body from the site 

(approximately 120 feet to the unnamed tributary to Cogdels Creek) and because no 

direct comection between the source of contamination at the site and this off-site aquatic 

habitat has been established. 

Chemical Mixtures 

Information on the ecotoxicological effects of chemical interactions is generally lacking. 

which required (as is standard for ecological risk assessments) that the chemicals be 

evaluated on a compound-by-compound basis during the comparison to screening 

values. 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). 

Bioaccumulative Chemicals 

Many of the chemicals identified as ecological COPCS at the SWMU have been 

identified as important bioaccumulative chemicals by the USEPA (2000a). There is 

some potential that bioaccumulative chemicals may pose unacceptable risks to upper 

tmphic level receptors even if no unacceptable risk is posed to primary receptors. 

Because ecological screening values are typically based on toxicological studies of 

primary receptors (e.g., terrestrial plants and invertebrates), the abiotic screen alone may 

underestimate the number of COPCs at the SWMU. An evaluation of risks to upper 

trophic level receptors is beyond the scope of the SLERA. The bioaccumulative 

potential of individual chemicals identified as COPCs in the SLERA is considered 

qualitatively in Step 3A of the BERA when determining the need for further evaluation. 

Limits of Contamination 

As indicated above, the extent of total xylene contamination above ecological screening 

values within surface soils of the drainage way downgradient of the site is unknown. In 

agreement with the phased nature of the investigation, VOC analysis was not included in 

the Phase I1 CSI or RFI sampling events because concentrations of VOCs detected in 



Phase I of the SWMU investigation were less than the comparison criteria against which 

they were evaluated. However, concentrations of xylene at SWMU261-SSOI were in 

excess of ecological screening values, and there is some potential that this chemical may 

have migrated to the downgradient wooded habitat via surface runoff during precipitation 

events. 

Concentrations of lead in the farthest downgradient monitoring well (261-MW02 were in 

excess of fresh surface water screening values indicating that lead may be migrating off 

site at ecologically significant concentrations. 

7.3 Step 3A - Refinement of the List of Chemicals of Potential Concern 

The SLERA for SWMU 2611297 indicated that, based on a set of conservative exposure 

assumptions, there are multiple chemicals that may present a risk to ecological receptors at or in 

the vicinity of the site. Therefore, the SWMU was carried in to Step 3a of the ERA process. In 

Step 3a, the ecological COPCs identified in Step 2 are further evaluated to determine which 

chemicals, if any, can be removed from further ecological consideration. The Step 3A evaluation 

examines multiple factors that improve the realism of the risk evaluation while remaining 

protective of the environment. These factors include consideration of population-level effects, 

use of alternative screening values, an evaluation of background data, consideration of the 

frequency and distribution of detections, consideration of bioavailability, dilution, and natural 

attenuation, and any chemical or site-specific considerations that may be relevant. These factors 

were used to weigh the evidence of potential risk for each COPC identified for each media to 

assess whether the COPC should be carried in to Step 3b of the BERA. The specific assumptions 

and methods that were modified for Step 3a are identified below, along with justification for each 

modification. If re-evaluation of the conservative exposure assumptions supports an acceptable 

risk determination then the site may exit the ecological risk assessment process (USEPA 1997a, 

CNO 1999). 

7.3.1 Refinement of Exposure and Effects Level Estimates 

During Steps 1 and 2, maximum concentrations of detected chemicals were used as conservative 

estimates of receptor exposure to calculate HQs. Because many of the receptors evaluated are 



relatively immobile or have a limited home range, individuals are more likely to be impacted by 

locations of maximum concentration; however, average contaminant concentrations are more 

appropriate for evaluating impacts to popularions of soil invertebrates, sediment invertebrates, 

and aquatic receptors. Arithmetic means were calculated for all compounds identified as COPCs 

in the SLERA. For COPCs detected in less than 100 percent of the samples collected, arithmetic 

means were calculated using one half the detection limit of non-detected samples. These means 

were used to estimate the exposure of ecological receptors to site contaminants. If the arithmetic 

mean for a given chemical was greater than the maximum detected concentration, the maximum 

detected concentration was used as the exposure estimate. 

Effects levels used in Steps 1 and 2 were USEPA Region IV media screening values. In Step 3 4  

screening values were introduced, when available, for chemicals that did not have screening 

values established by USEPA Region IV. All screening values used in Step 3A are provided on 

Table 7-5. Screening values that were introduced for Step 3a are shaded on the table. Introduced 

screening values for soils included those established by NCDENR for chemical classes (e.g., the 

screening value for total chlorobenzenes is applied to individual chlorobenzenes). USEPA 

Region V soil ecological screening values for RCRA hazardous constituents (USEPA 2003) were 

also introduced in Step 3a when available. Introduced screening values for fresh surface water 

included (in order of preference), those established by NCDENR for chemical classes, USEPA 

Region V fresh surface water screening values for RCRA hazardous constituents (USEPA 

2003c), and USEPA Region 111 BTAG screening values for fresh surface waters (USEPA 2004). 

A mean HQ was calculated for each COPC using the refined estimates of exposure and effects. 

Because chemicals with mean HQs less than one are unlikely to pose unacceptable risks to 

populations of ecological receptors, such chemicals were not considered to be risk-driving 

COPCs and were not recommended for further ecological evaluation. However, if maximum 

HQs indicated risk levels of particular concern, the spatial distribution of exceedences was further 

evaluated to identify any potential hot spots of contamination that may be driving unacceptable 

risk. Only if no hot spots were identified was a mean HQ less than one used as a sole criteria for 

eliminating a COPC from further consideration. 



Results of the refinement of exposure assumptions are summarized on Table 7-6 for surface soil 

and Table 7-7 for groundwater. Those COPCs that were removed from further consideration 

because mean HQs were less than one are indicated on the tables by the comment "Mean HQ < 

1.0." 

7.3.2 Comparison to Background Data 

Inorganics in surface soils and groundwater that were selected as COPCs based on the SLERA 

were compared to background data. Surface and subsurface soil background data were obtained 

from the Area of Concern Backmound Study (Baker, 2001b). SWMU-specific background 

concentrations were established using protocol outlined in Ohio Environmental Protection 

Agency's (OEPA's) Closure Plan Review Guidance for RCRA Facilities (OEPA, 1999). NC 

DENR agreed that SWMUs could be grouped together into AOCs based on geographical 

location, geology, and type of SWMU, and that background concentrations for metals could be 

established for each of these AOCs. These background data are to be evaluated in comparison to 

levels of inorganic constituents detected at individual SWMUs to assess whether the presence of 

such constituents is naturally occurring or may be attributed to activities (past and/or present) 

within the AOCs. SWMU 2611297 was included within AOC 7, which is located on the eastern 

side of the Base. Therefore, surface and subsurface soil data from the SWMU were compared to 

the AOC 7 background data set. 

Groundwater background data were obtained from the Base Backmound Groundwater 

Investigation (Baker, 2002a). Background groundwater data were collected from locations 

throughout the Base away from identified sites in relatively undisturbed areas not near any known 

sources of contamination. In the Base Background Groundwater Investigation, groundwater data 

were divided into two categories, including upper (shallow) and lower (deep) portions of the 

surficial aquifer. Groundwater samples at the SWMU were collected from the shallow portions 

of the surficial aquifer (less than 25 feet bgs); therefore, they were compared to the background 

data set for the upper surficial aquifer. 

In accordance with USEPA Region IV Human Health Risk Assessment Bulletins, Supplement to 

RAGS, maximum site concentrations were compared to two times the base background mean 

(USEPA 2001). The comparison is useful for determining whether or not the presence of 

chemicals at the site should be considered site related or may be considered naturally occurring. 



Inorganic constituents with background concentrations (two times the mean) that exceed 

maximum site concentrations are not considered risk-driving COPCs and are not recommended 

for further evaluation. Organic compounds were not analyzed as part of the AOC Background 

Study or Groundwater Base Background Groundwater Investigation. 

Tabla 7-6 and 7-7 present background data and results of comparisons to maximum soil and 

groundwater concentrations detected at the SWMU, respectively. Those COPCs that were 

removed from further consideration because maximum site concentrations were less than twice 

the mean background concentration are indicated on the tables by the comment "< Baekground." 

7 3 3  Freqnency and Distribution of Detections 

As addressed in Section 7.2.3, chemicals not detected in any environmental samples are unlikely 

to be present in sufficient volume to contribute significant risks to receptors at a site, especially at 

the population level. Those COPCs that were not detected were removed from further 

consideration and are indicated on Tables 7-6 (for surface soil) and 7-7 (for groundwater) by the 

comment "Not Detected." The magnitude and frequency with which sample quantitation limits 

exceeded screening values and the likelihood for a chemical to be site-related, even if not 

detected (based on site history and presence of chemical precursom or daughter products at the 

site), were considered prior to removing a chemical from further consideration based on detection 

frequency. It should be noted that the exclusion of nondetected chemicals from further 

evaluation is considered reasonable and appropriate as this approach follows that outlined in the 

National Contingency Plan (NCP) (40 CFR 300 Appendix A), which does not establish a release 

when the sample measurement is less than the contract required detection limit as determined by 

an EPAcertified laboratory. 

It should be noted that COPCs detected infrequently may also be removed from further 

consideration after evaluation of a variety of factors including the distribution of detections, the 

magnitude of potential risks, and the site history and presence or absence of chemical precursors 

in any site media. When appropriate, a discussion of such COPCs will be included in the text. 



7.3.4 Considerations of Bioaccumulative Potential 

The USEPA has identified certain chemicals as "important hioaccumulative chemicals" (USEPA 

2000a). Bioaccumulative chemicals may pose unacceptable risks to upper trophic level receptors 

even if no unacceptable risk is posed to primary receptors. Although an evaluation of risks to 

upper trophic level receptors is not included in the SLERA, consideration of the bioaccumulative 

potential of each COPC identified in Steps 1 and 2 will be made before determining the need for 

additional evaluation of a particular chemical. Those chemicals identified as important 

bioaccumulative chemicals by the USEPA are indicated in the third column from the right on 

Tables 7-6 and 7-7. 

7.3.5 Groundwater Considerations 

In the SLERA, only total recoverable metals data for groundwater were considered. The 

dissolved fraction of metals in groundwater is more likely to migrate through the aquifer to 

surface water; therefore, the comparison of total metals data in groundwater to surface water 

screening values is a conservative approach. In the refined risk evaluation, dissolved data may be 

considered if available, as this data may provide a more realistic estimate of the concentration of 

metals that could migrate to off-site aquatic habitat. At SWMU 2611297 dissolved groundwater 

data were not available for evaluation. 

In addition, the risk evaluation for groundwater assumes discharge to a surface water body with 

no natural attenuation or dilution. Buchman (1999) recommends the use of a dilution factor of 10 

to account for the dilution expected during migration and upon discharge of groundwater to 

surface water in the absence of site-specific dilution factors. Under this scenario, mean HQs for 

barium and selenium (Table 7-7) would he less than one and this inorganic would not be 

recommended for further evaluation. Refined HQs for all remaining ecological COPCs with the 

exception of lead would be less than six if dilution were accounted for. Considerations of 

dilution were not used as a sole criteria for removing a COPC from further consideration. 



73.6 Additional Considerations 

Additional factors that were considered when detennining the need for further evaluation of an 

ecological COPC include but were not limited to the following: 

For chemicals lacking screening values, comparison to range of available screening 

values for chemicals in the same chemical class. 

For chemicals with screening values not based on toxicological studies, consideration of 

toxicological-based screening values from the scientific literature. 

Chemical specific considerations for surface soil and groundwater COPCs are addressed in the 

following sections. 

7.3.6.1 Surface Soil COPCs 

The VOC bromomethane was identified as a Category 3 COPC in Step 2 of the SLERA because 

it was detected in surface soils and lacked a soil screening value. Bromomethane was detected in 

one of five surface soil samples (SWMU261-IS02-00) at a concentration (3.3J pgikg) at the low 

end of the range of available screening values for VOCs (1 [for trichloroethene {TCE)] to 

1,000,000 [for carbon tetrachloride; Table 7-21), While no screening value is available for 

bromomethane (CH3Br), a screening value of 100 & k g  is available for bromodichloromethane 

(CHBrC12) and dibromochloromethane (CHBr2CI). Thesole detected concentration of 

bromomethane was less than these screening values. Based on these considerations, 

bromomethane is unlikely to pose unacceptable population-level ecological risks at the SWMU 

and is not recommended for further evaluation. 

The SVOC bis(2ethylhexyl)phthalate was also identified as a Category 3 COPC in the SLERA. 

Bis(2-ethylhexyl)phthalate was detected in five of five samples with a maximum detected 

concentration of 500J pgikg. The Step 3a screening value for this chemical is the value for total 

phthalates listed in NCDENR 2003 (100 ugikg); the maximum detected concentration of bis(2- 

ethylhexyl)phthalate (5005 u&g) exceeded this value. The original source of the 100 ugkg 

screening value is a Dutch soil screening benchmark (MHSPE, 1994). This screening value 



represents background concentrations, and is not based on toxicological data, therefore, it may 

not be representative of effects-based concentrations. For this reason, an additional search for 

toxicity-based benchmarks was conducted. USEPA Region V (USEPA, 2003) has developed 

screening values for RCRA hazardous materials, including a value of 925 ugfkg for bis(2- 

ethyl)hexylphthalate. This screening value is based on toxicity to the masked shrew (Sorex 

cinem) (USEPA 2003). All detections at the SWMU were less than the Region V benchmark. 

A search of the primary literature on the toxicological effects of bis(2-ethylhexy1)phthalate to  soil 

flora and fauna yielded a single study. Neuhauser et al. (1985) investigated the toxic effect of 

bis(2-ethy1hexyl)phthalate on Lactuca sativa (lettuce) growth in a natural soil (1.4 percent TOC). 

After 14days of exposure, lettuce growth (biomass) was not affected by the single concentration 

tested (1,000,000 ugikg). Application of a conservative safety factor of 100 yields an estimated 

chronic NOAEL equal to 10,000 ugikg. Given each of the detected concentrations of bis(2- 

ethylhexy1)phthalate in SWMU surface soil is less than the toxicologically based USEPA Region 

V screening value and the NOAEL estimated from data reported by Neuhauser et al. (1985), 

bis(2ethylhexyl)phthalate is not identified as a potential ecological risk driver, and no additional 

evaluation is recommended. 

Chromium was detected in all 13 surface soil samples at concentrations exceeding its soil 

screening value (0.4 mgikg; derived from an earthworm study on hexavalent chromium 

@froymson et a]., 1997bl). The maximum HQ for chromium was 164.50 and the mean HQ was 

38.96. Chromium detections on site ranged from 5.5J to 65.8 mg/kg, while detections in AOC 7 

background samples ranged from 1.4 to 28.7 mgkg. In addition to the USEPA Region IV 

screening value for chromium, the Federal USEPA has established ecological soil screening 

levels (Eco-SSLs) for this metal (USEPA 2005). An Eco-SSL of 26 mglkg (Cr 111) was 

established for avian receptors, while Eco-SSLs of 34 m&g (Cr III) and 81 mgikg (Cr VI) were 

established for mammalian receptors. Two detedions of chromium on site exceeded the lowest 

of these Eco-SSLs (65.8 mglkg at SWMU261-SS01-00, located immediately under the above 

ground pipeline, and 28.75 mgikg at SWMU261-SS03-00, located in a depositional area at the 

northern edge of the woodline [Figure 7-31). The mean site concentration (1 5.58 mgikg) was less 

than these values, indicating acceptable population-level risk. Insufficient data were available for 

the USEPA to establish Eco-SSLs for terrestrial plants or invertebrates; howevet, USEPA 2005 

does provide data from two invertebrate toxicity studies that they consider eligible for Eco-SSL 

derivation (a minimum of three studies are required to establish an Eco-SSL). In the first study, 

Van Gestel et al, (1992) identified a MATC of 57 m a g  for effects on reproduction of the 



earthworm Eisenia andrei in soils with a pH of 6.7. In 1993, the same researchers studied 

reproductive effects of chromium on E. ondrei in a soil with a pH of 6.0 and again identified a 

MATC of 57 mg/kg (Van Gestel et al., 1993). Only the maximum detected concentration 

exceeded these toxicity-based values. Again, a comparison to the mean site concentration 

indicated acceptable population-level risk. Based on comparisons to toxicological data and Eco- 

SSLs provided by USEPA (ZOOS), chromium concentrations at SWMU261 are not indicated to 

pose unacceptable risk to populations of ecological receptors that may use the site. Chromium is 

not identified as an ecological riskdriver, and no further evaluation is recommended. 

7.3.6.2 Groundwater COPCs 

Barium was identified as a gmundwater COPC in Category 3 because it was detected in 

groundwater but lacked a USEPA Region lV freshwater screening value. Barium was detected 

in each of seven groundwater samples at concentrations ranging from 8.65 to 2,360J ug/L. 

USEPA Region V (USEPA, 2003) has established a screening value of 220 u a  for barium in 

freshwater. Two of the detected concentrations (2,3603 ug/L in SWMU26I-GWOI and 532 ug/L 

in SWMU261-GW02, both from the Phase Il investigation) exceeded the Region V screening 

value. The turbidity of the samples from these wells was elevated due to a high percentage of silt 

encountered during drilling and installation of the temporary wells. This elevated turbidity may 

have caused artificially high metals concentrations (Baker 2002b). All other groundwater 

samples at the SWMU, including the faith& downgradient samples, had barium concentrations 

less than the toxicity-based screening value provided by USEPA Region V, indicating that 

potential adverse effects to off-site aquatic receptors from barium in groundwater is unlikely. 

Barium is not identified as a risk driving COPC in groundwater and no further evaluation is 

recommended. 

Cadmium was identified as a groundwater COPC in Category 1 and Categoly 5. Cadmium was 

detected in two of seven groundwater samples and had a maximum HQ (calculated with the 

USEPA Region lV freshwater screening value) of 58.05 and a mean HQ of 12.86. The two 

detections of cadmium were from groundwater samples SWMU261-GWOI and SWMU261- 

GW02; the turbidity of which was elevated due to a high percentage of silt encountered during 

drilling and installation of the temporary wells. Cadmium was not detected above method 

detection limits in any other groundwater sample collected fium the SWMU, including 261- 

MW02, the farthest downgradient sample. There is no indication that cadmium in groundwater is 



migrating from the study area. Therefore, cadmium is not identified as a risk driving COPC in 

groundwater and no further evaluation is recommended. 

Chromium was identified as a COPC in Category 3 and Category 5. Chromium was detected in 

six of seven groundwater samples at concentrations ranging from 1.45 to 1210 Irgn. Although 

the USEPA Region IV has not established a screening value for total chromium, screening values 

are available for trivalent and hexavalent chromium. The minimum of these two values (I 1 ug&) 

was used as a surrogate screening value for total chromium in Step 3a. Based on the I I ug/L 

screening value, the maximum HQ for chromium would be 110 and the mean HQ 20.26. 

Maximum detected concentrations of chromium were found in samples SWMU261-GW01 (1210 

p a )  and SWMU261-GW02 (313 pg/L)(Figure 7-4). As noted in the preceding paragraphs, 

these samples had elevated turbidity, which may have resulted in artificially high metals 

concentrations. The third highest chromium concentration was 17.8 pg/L, which was detected in 

SWMU261-GW03. Concentrations of chromium in the farthest downgradient monitoring well 

were 15.3 p a ,  indicating that chromium may be migrating outside of the study area at 

concentrations in excess of the USEPA Region IV freshwater screening value (I I pg/L), but less 

than the NCWQS for freshwater aquatic life (50 p a ) .  As indicated in Section 7.3.5, when 

groundwater migrates and discharges to a surface water body, dilution of groundwater 

contaminants occurs. In the absence of site-specific dilution factors, Buchmann (3999) 

recommends the use of a dihtion factor of 10 to account for this dilution. When data from the 

turbid monitoring wells is excluded from the data set, the maximum detected concentration of 

chromium is 17.8 pg/L. This concentration is less than twice the USEPA Region IV surface 

water screening value. When dilution is accounted for, this groundwater concentration would not 

result in a surface water concentration in excess of the surface water screening value; therefore, 

the potential for adverse ecological impacts h m  chromium in groundwater to off-site aquatic 

receptors is considered negligible. No further evaluation of chromium in groundwater is 

recommended. 

Lead was identified as a COPC in Category 1 and Category 5. Lead was detected in four of seven 

groundwater samples at concentrations ranging from 4.4 to 1200 J p a .  The maximum HQ was 

91 1 and the mean HQ was 158.88 (calculated with USEPA Region IV screening values). The 

maximum concentrations of lead detected in groundwater were found in sample SWMU261- 

GWOI (1200 J p&) and SWMU261GW02 (249 J pi&). Again, these samples had elevated 

turbidities, which may have caused the high lead concentrations. If these turbid wells were 



excluded from the data set, the maximum HQ would be mean 6.14 and the mean HQ would be 

2.30. Assuming a dilution factor of 10 (Buchman 1999), both of these HQs would be less than 

1.0, indicating acceptable risk to off-site aquatic receptors. The concentration of lead in the 

farthest downgradient monitoring well (SWMU261-MW02) was 4.4 pg&, which exceeds the 

USEPA Region N SWSV (1.32 pgL) but is less than the NCWQS for freshwater aquatic life (25 

pg/L). High turbidity was also encountered when sampling this well; therefore, filtered water 

samples were collected. Lead was not detected in the filtered groundwater sample. Because it is 

the dissolved fraction of metals that is most likely to migrate with groundwater, this suggests that 

lead is not migrating from the study area at ecologically significant concentrations. Based upon 

these considerations, lead in groundwater at S W U  2611297 is not recommended for further 

evaluation for the protection of the environment. 

Mercury was identified as a COPC in Category 1 and Category 5. Mercury was detected in three 

of seven groundwater samples at concentrations ranging from 0.025 to 3.6 J p a .  The maximum 

HQ was 300 and the mean HQ was 57.50 (calculated with USEPA Region IV screening values). 

The only two detections of mercury that exceeded screening criteria were in groundwater samples 

collected from SWMU261-GWOI (3.6 pg/L) and SWMU261-GW02 (1 . I  pgL), which were the 

samples with elevated turbidities collected during the Phase I investigation. The only other well 

mercury was detected in was SWMU261-MW02, the farthest downgradient well, which also had 

elevated turbidity (as discussed above). The total mercury concentration in SWMU261-MW02 

was 0.025 mgL, which is less than both the USEPA Region 1V screening value and NCWQS 

screening values (both 0.012 p&). Mercury was not detected in the filtered sample collected 

from SWMU261-MW02. Based upon these considerations, mercury in groundwater at S W U  

2611297 does not pose unacceptable risks to off-site aquatic receptors and no further evaluation is 

recommended for the protection of the environment. 

Selenium was identified as both a Category 1 and Category 5 COPC because the maximum 

detected concentration 23.7 pg& exceeded both the USEPA Region N SWSV and the NCWQS 

(both 5 pglL). The maximum HQ for selenium was 4.74 and the mean HQ was 1.13, indicating a 

small potential for adverse ecological impacts. As noted in Section 7.3.5, if dilution is accounted 

for, potential ecological risk from selenium in groundwater would be negligible. Selenium was 

detected in two of the seven groundwater samples (SWMU26 1 -GWO I and SWMU261-GW02). 

Both of these samples were collected from temporary monitoring wells located closest to the 

SWMU. Again, the elevated turbidity of these samples may have artificially elevated the metals 



concentrations measured for groundwater. Selenium was not detected in the farthest 

downgradient well (261-MW02); therefore, there is no indication that selenium is migrating off- 

site. Based on the low potential for ecological impact, no further evaluation of selenium in 

groundwater is recommended. 

7.4 Risk Characterization 

The risk characterization integrates the results of the SLERA and Step 3A. The likelihood of 

adverse effects occurring as a result of exposure to a stressor is evaluated. The ecological 

significance of the risks characterized at the site is discussed considering the types and 

magnitudes of the effects and their spatial and temporal patterns. Ecologically significant risks 

are defined as those potential adverse risks or impacts to ecological integrity that affect 

populations, communities, and ecosystems, rather than individuals (i.e. measured impacts to 

individuals does not necessarily indicate impacts to the ecosystem). 

7.4.1 Surface Soil 

Of  the 76 chemicals identified as ecological COPCs in surface soil based on Steps 1 and 

2 of the SLERA, cadmium and lead are indicated to pose unacceptable risk to ecological 

receptors at the SWMU and are recommended for further action or evaluation based on 

the results of Step 3A. Cadmium was detected in six of 13 surface soil samples. Four of the 

detected concentrations exceeded the 1.6 mglkg screening value and two times the mean 

background concentration (0.63 mgkg). The maximum detected concentration (from 

SWMU261-SSOI) was 31.6 mgkg, resulting in a maximum HQ of 19.75. This detection 

represents a hot spot of cadmium contamination at the site. If the soils in this area were removed 

from the site, the mean site cadmium concentration would be 1.57 m a g ,  which is less than the 

USEPA Region IV soil screening value. With this hot spot in place, the mean site concentration 

is 3.88 mg/kg, resulting in a mean HQ of 2.42. The remaining detections of cadmium in excess 

of screening values were collected from sample location SWMU261-SS03 (1 1.9J mg/kg, also a 

"hot spot"), located within the drainage way at the edge of the wooded area, location 

SWMU261-SS04 (1.9.l mgkg), located farther down the drainage way within the wooded area, 

and fiom location SWMU297-IS01-00 (1.7 m a g ) ,  located adjacent to the location of the 

fonner UST and oillwater separator (Figure 7-3). The cadmium concentration in the farthest 

downgradient sample collected from the drainage way within the wooded area (SWMU261- 



SSO5) was less than soil screening value. The USEPA has published Ecological Soil Screening 

Level (Eco-SSL) Guidance for Cadmium (USEPA 2003a), which recommends a soil screening 

value of 32 mg/kg for plants and 140 mglkg for soil invertebrates. Both the maximum and mean 

concentrations of chromium at the SWMU are below these values, indicating that unacceptable 

risks to lower trophic level receptors are unlikely. Cadmium was identified as an important 

bioaccumulative chemical by the USEPA (20008). The USEPA Eco-SSL Guidance suggests an 

avian Eco-SSL of 1.0 mgikg and a mammalian Eco-SSL of 0.38 mg/kg. Based on this 

information, cadmium is identif~d as a potential risk-driving COPC in surface soils. Cadmium 

is unlikely to pose unacceptable risks to lower trophic level flora and fauna, but may pose 

unacceptable risks to upper trophic level mammals and birds. Risk to upper trophic level 

receptors is driven by soils in the vicinity of samples S W 2 6 1 - S S O l  and SWMU261-SS03. 

The removal of soils in these areas would eliminate unacceptable risk from cadmium to 

ecological receptors at the S W .  

Lead was detected in 11 of 13 surface soil samples. Four of the detected concentrations were in 

excess of the soil screening value (50 mgkg). The maximum detected concentration (604 mgikg; 

maximum HQ = 12.08) again was located at SWMU261-SSOl. A concentration of 587J m&g 

was detected at sample location SWMU261-SS03. These locations, both of which represent 

depositional areas within tbe drainage way, are considered hot spots of lead contamination. Lead 

detections at S W 2 6 1 - S S 0 2  and SWMU261-SS04-00 exceeded the soil screening value by 

less than a factor of two. Lead detections on site ranged from 4.1 to 604 mgkg, while detections 

in AOC 7 background samples ranged fiom 1.6 to 24.7J mglkg. The mean concentration of lead 

in the study area was 112.2 mgikg, resulting in a mean HQ of 2.24, which indicates some 

potential for adverse impacts to populations of ecological receptors. If the hot spots are exchded 

from the mean calculation, the site average falls to 25.0 mgikg, which is less than that Region IV 

screening value and indicative of acceptable population-level risk. The Federal USEPA has 

published Eco-SSL Guidance for Lead (USEPA 2003b) that provides a soil invertebrate screening 

value of 1,700 mgkg and a plant screening value of 110 mgkg. Both the maximum and mean 

SWMU concentrations were less than the invertebrate screening value indicating that risks to 

terrestrial fauna are withim acceptable levels, and only the two lead hot spots had concentrations 

exceeding the plant screening value. Lead was identified as an important bioaccumulative 

chemical by the USEPA (USEPA 20M)a). The Eco-SSL Guidance for lead recommends an avian 

screening value of 16 mgkg and a mammalian screening value of 59 mglkg. The avian screening 

value was exceeded at three of 13 locations, while the mammalian screening value was exceeded 



at five of 13 locations. Based upon the above considerations, lead is identified as risk driving 

ecological COPC in surface soils and may cause adverse effects to terrestrial flora and upper 

trophic level receptors. This risk is driven by two hot spots of lead contamination at locations 

SWMU261-SSOI and SWMU261-SS03. If these hot spots were removed from the site, the 

potential risk from lead to populations of ecological receptors would be within acceptable levels. 

7.4.2 Groundwater 

Groundwater in the surficial aquifer was evaluated for the potential to cause adverse effects to 

ecological receptors assuming that the groundwater discharges in to a surface water body. The 

nearest downgradientlsidegradient surface water body is the unnamed tributary to Codgel's 

Creek, which is located approximately 120 feet south of the SWMU. It is noted that there is no 

direct evidence that groundwater from the surficial aquifer is currently discharging to this creek; 

however, the groundwater assessment was conducted as a conservative measure. Groundwater 

samples were analyzed for RCRA metals. Each of the eight RCRA metals were identified as 

groundwater ecological COPCs in the SLERA. Based on additional considerations addressed in 

Step 3A of the BERA, none are estimated to pose unacceptable risks to ecological receptors. 

Additional ecological evaluation of groundwater at SWMU 2611297 is not recommended. 

7.5 Uncertainties Associated with Stev 3A of the BERA 

Many of the uncertainties identified in Section 7.2.3 also apply to the refined screening level risk 

calculation. Additionally, many uncertainties present in the screening level risk calculation are 

reduced or eliminated with the Step 3a evaluation. lo addition to the uncertainties listed in Section 

7.2.3, the following is identified as an uncertainty of Step 3A ofthe BERA at SWMU 2611297. 

Screening Values 

In the case of chromium, to be conservative, screening values were estimated from the 

chromium VI form of the element. Chromium 111, which is orders of magnitude less 

toxic than chromium VI, is most likely to be the predominant form in the environment. 



Background Comparison 

The AOC 7 background soil samples were collected from 0 to 1 foot bgs. Surface soil 

samples collected at SWMU 2611297 during the Phase I investigation were collected 

from 0 to 2 feet bgs, while surface soil samples collected from subsequent investigations 

were collected from 0 to 1 foot bgs. As discussed in Section 7.2.3, the inclusion of soils 

in from the 1 to 2 foot depth interval in Phase I samples adds uncertainty to surface soil 

evaluation because contaminant concentrations in the upper foot of these samples may be 

diluted by soils from 1 to 2 foot interval, or, if contamination is greater in the subsurface 

soils, data may indicate contaminant concentrations that are greater than those present in 

the biologically active surface zone. Because background data includes only those soils 

from 0 to 1 foot bgs, the comparison of these soils to site samples may not accurately 

indicate if site concentrations reflect background conditions or not. For example, if site 

concentrations are artificially elevated due to naturally occurring increased 

concentrations of some metals within the 1 to 2 foot bgs depth interval, comparison of 

site data to background data collected only from 0 to I foot bgs will not indicate that site 

conditions are at background levels. It should be noted that maximum detected 

concentrations of the potentially riskdriving COPCs cadmium, chromium, and lead were 

detected in sample SWMU261-SSOI, which was collected from 0 to 2 feet bgs. 

Based on the results of the SLERA and Step 3A of the BERA, terrestrial receptors that may 

forage or live in the vicinity of the SWMU 2611297 study area may be at risk from the metals 

cadmium and lead in surface soils. 

Based on a comparison to USEPA Eco-SSLs (USEPA 2003a), cadmium is unlikely to pose 

unacceptable risks to lower trophic level flora and fauna, but may pose unacceptable risks to 

upper trophic level mammals and birds. Risk to upper trophic level receptors is driven by soils in 

the vicinity of samples SWMU261-SSOI and SWMU261-SS03. The removal of soils in these 

areas would eliminate unacceptable risk from cadmium to ecological receptors at the SWMU. 



Based on a comparison to USEPA Eco-SSLs (USEPA 2003a), lead is unlikely to pose 

unacceptable risks to terrestrial invertebrates, but may pose unacceptable risks to terrestrial flora 

and upper trophic level mammals and birds. As for cadmium, ecological risks from lead are 

driven by soils in the vicinity of samples SWMU261-SSOI and SWMU261-SS03. The removal 

of soils in these areas would eliminate unacceptable risk from lead to ecological receptors at the 

SWMU. 

Based on the results of the SLERA and Step 3A of the BERA, potential aquatic receptors in off- 

site habitats are not estimated to be at unacceptable levels of risk from groundwater 

contamination associated with SWMU 2611297. No further ecological evaluation of groundwater 

is recommended. 
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TABLE 7-1 
SUhlMARY OF ANALYTICAL DATA USED IN THE SCREENING LEVEL ECOLOGICAL RISK ASSESSMENT 

SWMU 2611297 
HCRA I;AC1I.Il'Y INVESTIGATION (CT-1) 

hlCB CAMP LEJEIJNF, NOWM CAROLINA 

Notes: 

"'PH, mnduclance, dissolved oxygen, temperature, and mbidily 

Sample 
Interval m 

Date WelloepUl 3 3 2 - - 
Media Sample ID 

Sampled (Feel below & 6 - commenu 

gmund 
d a c e ,  8 8 , ,  a 

U U U X . 2  

SWMU261-ISOI-00 9/13/1997 0 - 2  X X X 
SWMU261-IS02-00 9/13/1997 0 - 2  X X X '  

Groundwater 

Analysis 

- 
P? 
0 

9 
- 0 0  

- 
2 
r - 



TABLE 7-2 
ECOLOGICAL SCREENING VALUES 

SWMU 261097 
RCRA FACILITY INVESTIGATION (CTO-0041) 

hlCB CAMP LUUENE, NORTH CAROLINA 

SWhlU 261 297 Screenstep2 xts 81312w5 



TABLE 7-2 
ECOLOGICAL SCREENING VALUES 

SWMU 2611297 
R C M  FACILITY INVESI'IC;ATION (CTO0041) 

.WCBCA~IP I.FJUFFE, N O K ~ I I  CAROLISA 

SWMV 261 297 Screen Step2 xlr 8,312WS 



TABLE 7-2 
ECOLOGICAL SCREENING VALUES 

SWMU 26lD97 
RCRA FACILITY INVESTIGATION (CT06041) 

MCB CAMP LEJUENE, NORTR CAROLINA 

Notes: 
NA =Not Applicable' Not Established 
") Soil screening values are in microgram per kilogram (uglkg) for organic compounds and in 

millipm per kilogram (mgkg) for i n q m i c  mstihrents. 
"Values obtained h m  Guidelines fw PeQnning Screening Lwel Ecologiu11 Risk Assesmnls 

Within the North Corolmna Division of Wasre hfn~gement (NCDENR 2003) 

SWMU 261 Z?7 S- S * p l  xl. llN2005 



TABLE 7-2 
ECOLOGICAL SCREENING VALUES 

SWMU 2611297 
RCRA FACILITY INVESTIGATION (CTO-0041) 

MCB CAMP LEJUENE, NORTH CAROLINA 



TABLE 7-2 
ECOLOGICAL SCREENING VALUES 

S\VMU 2611297 
RCRA FACILITY INVESTIGATION (CTO-0041) 

MCB CAMP LEJUENE, NORTII CAROLINA 

SWMU 261 297 Screen Step 2 xis 8!3!2005 



TABLE 7-2 
ECOLOGICAL SCREENING VALUES 

SWMU 261i297 
RCRA FACILITY INVESTIGATION (CX04041) 

MCB CAMP LEJUENE, NORTH CAROLINA 

Notes: 
NA = Not Applicable/ Not Established 
USEPA =United States Envimnmental Rotedion Agency 
"' Vahes cbtained from Guidelines f i  Per/mmgScreenutgLevel Ecologreal Rrsk 

Assessments within the Nonh Carolina Divirron of l Y m  hfanagemenl (NCDENR 2003) 
'" USEPA Region N hardness based calculation updated to reflect curreot ambient water 

quality criteria (USEPA 2W2). 



TABLE 7-2 
ECOLOGICAL SCREENING VALUES 

SWMU 2611297 
HCH.4 P,\L'ILlT\' 1NVESl'lC;ATION (C'TO-OMI) 

.\ICI) CXMP LEJIIENE, NORTH C,\ROI.IN,\ 

SWMU 261 297 Screen Step 2 xlr 81312005 



TABLE 7-2 
ECOLOGICAL SCREENING VALUES 

SWMU 261i297 
RCRA FACILITY INVESTIGATION (CTO-BMI) 

AlCB CAMP 1.UIlENE. NORlH CAROLLNA 

SWMU 261 297 Sc-Rq2.xlr W3nWS 



TABLE 7-2 
ECOLOGICAL SCREENING VALUES 

SWMU 26lt297 
RCRA FACILITY IWESnGATlON (CTO-0041) 

MCB CAMP LENENE. NORTH CAROLINA 

Notes: 
NA = Not Applicable/ Not Established 
"'Values ohtained from Gurdelmes for Peflorming Screenutg Lowl Ecolo@cal R M  

Asressmem Wilhin the Nonh Cmolim D~vision of Wasfe Ma~gemenf (NCDENR 2W). 
Original reference: N h  Carolina Wlller Quality SMards (No& Camlins Adminhative 
Code. Title I5A. Subchapter 2L) October 25, 1995. Last updated 1 April 2003. 



TABLE 1-3 
SELECTION OF ECOLOGlCAL COPCs M SURFACE SOIL 

SWMU 261097 
RCRA FACILITY INVESTIGATION (Cl'0-0041) 

.MCB CAMP LUELZE. NORTH CAROLINA 



TABLE 7-3 
SELECTION OF ECOLOGICAL COPCs IN SURFACE SOIL 

SWMU 261/297 
RCRA FACILITY INVESTIGATION ICTO.0041) 



TABLE 7-3 
SELECTION OF ECOLOGICAL COPCs IN SURFACE SOIL 

SWMU Yli297 
RCRA FACILITY INVESTIGATION (CT0-0041) 

MCB CAMP LEJEUNE, NORTH CAROLINA 

SWMU 261 2P7 Scceen Step 2 XI% 7-3SS 



TABLE 7-3 
SELECTION OF ECOLOGICAL COPCs IN SURFACE SOIL 

SWMU 261/297 
RCRA FACILITY lNVESTlGATlOZ (CT0-0011) 

MCB CAMP LWEUYE, NORTll CAROLINA 

Notes: 

" I  Martmum concmtratlon If contaminant was not delscted. equals the maxlmum detectton Ilmlt. 

D - Value IS h e  result of8 dllullon 
U = Ch~mical was not delscted above the method detect~on llmlt 

EPA 
Rqlon N 

ESV Analytc 

J - Estimated Value 
NJ = Presumpt~ve ev~dence for the presence of the rnater~al at an cst~rnated value 

Conlaminanl 
Catep ty  

Maximum 
Hazard 

Quotient 

COPC = Contaminant of Potential Concern 

Soil 
COPC? 

Contaminant FrcquencylRange 

EPA = Ecological Pmtectlon Agency 
ESV = Ecolomcal Sereenina Value 
Halard ~uotlcnt  = ~ontamindnt Concentrat~on/ ESV 
MDL= Maximum detection llmit 

Frcqoency 
of 

Detection 

mgkg - miligram per kilogram 
NA -Not Available 
SQL = Sample quantiwion limit 
ugkg =microgram pcr kilogram 

Range of 
Detection Limits 

Contaminant Catqorhs  
I Contaminatit was found in concentrations exceeding its screening value. 
7. Contaminant was not found in conwneations exceeding the SQL: however, the MDL exwed its screening value. 
3 Contaminant wan found in conccntratioru exceeding it8 SQL; however. there is no curnnt screening value for the contaminant 
4 Contaminant was not found in concentrations exceeding Ihe SQL and there i s m  current screening value for the contaminanl. 

CancmtraIlon 
Used Wr 

Scmming"' 

Range of 
Politive 

Delection~ 

Location of 
Maximum 

Concentralion 



. 
SELECTION OF EC0UX;ICALCOFQ I N  GROUNDWATER 

SWMU z61nsr 
RCRA FACILITY INVWIGATION (C704041) 

MCB CAMP LEJEUNE. NORTH CAROLINA 

Noh,  

"' Ma~mum ooncmmaan Ifurnlaminant vra nmducclcd.cp~s the maxtmvm &teaurn 1~1nrt 

COPC - Conrarmnant of Polenllal Conoom 
CSV - Chrm,s Ssnon,np VdW 
EPA - Ecolop~ul Pmacl~on Agency 
Huand Q.onml- C o n t m ~ m t  Cmmml~onJ CSV 
J = Lnmatsd Value 
MDL - Mammum ddscnon ltmlt 
mngn - mlllynm p r  l!tor 
NA - Nal Avanlablo 
KCUQS = Y m h  Ca~olmJ WatmQualmty Stmdud 
SQL - Sampleq~nlsw~on limll 
V =Chcm$c.l was noldotcctcd lbarc tho mo~hod do!o;non limll 
u&& - miompm per lila 
US -Chemical war not & I d  sbavcthcmahodd~oo1irn limil; mathoddasnionlimit i s  an utimnld velus. 

Conmminmt Cat~oties 
1 Contaminant was f m d  in uonsonmtionr r x d i n g  iu ~Roninpwlue. 
2 Conraninant su n a  f m d  in commtions exeocdfng the SQL: howovn, the MDL aced iu rmcningvalw. 
3 Conwnin~t v r  found in ronoaomrions excoodingiu SQL: homer, fhom it ~ w m b n t  sswning value for Lecanumiwt. 
4 Contuninant wsr not found in concsnatian6 exceding theSQL and 6v,m i8noeUnrnt nmmingvdus for tho muminant. 
5 Centaminsot's SQL (ifnordnwtd) srmaximm conmcmtbn ex& the NCWQS. 



TABLE 7-5 
MEDIA-SPECIFIC SCREENING VALUES FOR STEP 3A 

SWMU 2691297 
RCRA FACILITY INVESTIGATION (CTOW1) 

MCB CAMP LEJUENE. NORM CAROLINA 

SWMU 261 297 Se- Slcv3A.xls M R O O S  



TABLE 7-5 
MEDIA-SPECJHC SCREENING VALUES FOR STEP 3A 

SWMU 2691297 
RCRA FACILITY INVF^FTIGATIO.Y (CTO-0041) 

MCB CAMP LWUENE, NOHTll CAROLINA 

SWMU 261 291 Sc- Step 3A.xlr W3200S 



TABLE 7-5 
MEDIASPECIFIC SCREENING VALUES FOR STEP 3A 

SWMU 2691297 
RCRA FAClLITY lNVESnCATION (FT0-0041) 

MCB CAMP LEJUENE, N O R n l  CAROLINA 

Nota: 
NA =Not Applicable/ No( Established 
NCDENR = Norlh Camlia  Department of Environment and Nahval Resources 

USEPA = United StaIes Environmental Proteclion Agency 
"' Soil screening values are in microgram per kilo- (ugkg) for organic wmpounds and in milligram 

per kilogram @@kg) for inorganic wnsfituents. 
"'Non-sbaded values are USEPA Region N sneening values obtained f m  Guidelines for Pefwmmng 

Screening Level Ecological Risk Assessmenrs within the Nwth Camlim Drwion of Wasfe 
Manwemen1 WCDENR 2003) 

Shading indicates a screening value not included in Step 2 evaluation. 

SWMU 261 29) Ss- S m  3A xlr M m 5  



TABLE 7-5 
MEDIA-SPECIFIC SCREENING VALUES FOR STEP 3A 

SWMU 2691297 
RCRA FACII.ITY INVESTIGATION (CTO-0041) 
nlcs CAMP I.UUENE. NORTH CAROLINA 

SWMU 26 1 297 S- Step 3 i U r  81UZOO5 



TABLE 7-5 
MEDlA-SPEClFIC SCREENING VALUES FOR STEP 3.4 

SWMU 269/L97 
RCHA I;ACII.ITY INVESTIGATION (C1'0404l) 

MCH CAMP I.FJUENF* NORTH CAROLINA 

SWMU 261 297 Sacrn Slcp3A xb .W3/2005 

n-Nitroso-di-n-pmpylmme 
n-Niuosodiphmylamine 
Pentachlaophenol 
PhenanUuene 

N A P  
58.5 
12.8 
3.6 USEPA, 2003 

pH = 7.8 S.U 



TABLE 7-5 
MEDlASPECIFlC SCREENING VALUES FOR STEP 3A 

SWMU 269n97 
RCRA FACILITY INVESTIGATION (CTO4041) 

MCJJ CAMP LUUENE. NORTH CAROLINA 

Notes: 
NA = Not Applicable! Not Established 
NCDENR = North Camlia Depbnent  of Ennmnment and Natural Resources 

USEPA = United States Environmental h t e d i o n  Agency 
"' Non-shaded values are USEPA Region IV s n e ~ l i n g  values oblained fm Gurdel~ner fw Per/ming 

Screening Level Ecological Risk Assessmenfs wirhin the Norlh Carohno D~visaon of Warre 
Mo~gemcnr (NCDENR 2003) 

'" USWA Region IV hardness based d ~ h t i o n  updated to =fled Furrent ambient water 

quality crilena (USEPA 2002). 
Shading indicates a screening value not included in NCDENR 2003. 



TABLE 7-6 
REFINED ASSESSMENT O F  ECOLOGICAL CONTAMINANTS OF POTENTIAL CONCERN IN SURFACE SOIL 

SWMU 2611297 
RCRA FACILITY INVESTIGATION (CTO4143) 

MCB CAMP LEJEIINE. NORTH CAROLINA 

SWMU 261 297 S w a n  SlcplA rlr.7.6SS l a  



TABLE 7-6 
REFINED ASSESSMENT OF ECOLOGICAL CONTAMINANTS OF POTENTIAL CONCERN IN SURFACE SOIL 

SWMU 261n97 
RCRA FACILITY MVESTIGATION (CTO-0143) 

MCB CAMP LWEUNE. NORTH CAROLINA 

Refined RLk Screening 1 BPekground Camparicon I Frequency ofDdertlon Further 
Eeolo!zical Contaminan1 Arilhmellc I Refined I I 1 Maximum Sitel 1 Evaluation 



- . . --- - 
REFINED ASSESSMENT OF ECOLOClCAL CONTAMINANTS OF POTENTIAL CONCERN IN SURFACE SOIL 

SWMU 2611'297 
RCRA FACILITY INVESTIGATION fCTO-01431 

MCB CAMP LUEUNE. NORTH CAROLINA 

NOtl: 
COPC = Ecolagrcal Contaminant of Potenhal Concern 
HQ = Heard Quottent 
mdkg = rn~llgram per kllagram 
ugkg = microgram per k~lograrn 
N = sample SIZC 

NA = Not Applicable 
ND = Not Detected 
NE- Not htabllshed (for screenmg value) 

"' See Table 7-3 and text for definitions ofcontaminant categories. 
"' References for alternlive screening values are provided on Table 7-5. 
"' The mean HQ repwenu the Incan (half non-detect) concentration divided by the screening value. In oases where the msan exceeds the maximum the maximum value is used. 
'" The background concenlration pnsented is for AOC 7 surfacesoils (Final Area of Concern Baekgmund Study [Baker 200ll). 
"I Compound is identified as an "imponant biomcumulativc chemical" in the USEPA documentBiwccwulation Testing andlnrarpratation for the Purpse ojLdimra Quoliry Ass~ssment, Snrmr andNeed3 

(EPA-823-R-00-WI. February 20W). 
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8.0 CONCLUSIONS AND RECOMMENDATIONS 

This section provides a discussion of conclusions that were rendered based on the data collected 

from the Phase I and I1 CSls and the RFI. Recommendations for future actions are also 

discussed. 

VOCs and SVOCs were detected infrequently and at low concentrations (below the regulatory- 

driven screening criteria) in soil. Metals (cadmium, chromium, lead, and mercury) were detected 

in soil at concentrations exceeding the regulatory-driven screening values, as well as the 

background screening values. The metals contamination appears to be limited to the nearby 

drainage ditch that accepted discharge from the SWMU. The highest concentrations were 

detected within the upper portions of the drainage way and extended approximately 35 to 45 feet 

downgradient. The concentrations decreased with increased distance from the SWMU. 

A few metals (arsenic, barium, cadmium, chromium, lead, and mercury) were historically 

detected in groundwater samples from temporary wells at concentrations exceeding the 

regulatory-driven screening values, as well as the background screening values. However, it is 

important to note that the turbidity was elevated (greater than 1,100 NTUs) in the groundwater 

samples from these wells and may have caused artificially high metals concentrations in the 

samples. As  a result, three "permanent" monitoring wells were installed and developed as part of 

this RFI. In general, similar metals were detected in groundwater samples from the permanent 

wells; however, the concentrations were below both the regulatory-driven screening values and 

background screening values, which suggests that the elevated concentrations detected in the 

temporary wells likely was attributable to turbidity and groundwater has not been impacted as a 

result of a release(s) from the SWMU. 

Based on the results of the HHRA, there were no unacceptable risks or adverse health hazards for 

adult and adolescent trespassers, current military Base personnel, or future construction workers 

upon exposure to environmental media at the SWMU. Lead in surface soil within the drainage 

way may pose unacceptable risks to future child residents. Arsenic, chromium, and mercury in 

shallow groundwater may also pose unacceptable risks to future adult and child residents. 

However, this risk was based on groundwater samples from temporary wells that exhibited 

elevated turbidity. Furthermore, shallow groundwater in the vicinity of the SWMU is not 



currently used or planned to be used for potable water purposes and future uses as such will be 

prohibited. 

Based on the results of the SLERA and Step 3A of the BERA, the metals cadmium and lead in 

surface soils may pose unacceptable risks to ecological receptors. Potential aquatic receptors in 

off-site habitats are not estimated to be at unacceptable levels of risk from groundwater 

contamination associated with the SWMU. 

It should be noted that the highest concentrations of VOCs and metals that drove risk were 

detected within the drainage ditch that accepted discharge from the SWMU. If the soil data from 

this area were to be removed from the risk evaluations, risks to future child residents and 

ecological receptors would be below acceptable levels. As a result, Interim Measures are 

recommended to remove the impacted soils within the drainage ditch. Soil samples should be 

collected as part of the Interim Measures to confirm that the impacted soils have been removed. 

The confirmatory samples should be analyzed for RCRA metals as well as VOCs since VOC 

concentrations downgradient of sample 261-SS01 within the drainage ditch are unknown. 

No future actions with respect to groundwater are recommended hecause constituents detected in 

samples from the monitoring wells were below the USEPA Region IX Tap Water PRGs, and 

risks to human health and ecological receptors are perceived to be acceptable when considering 

the conservative nature of the risk assessments (i.e., use of maximum detected concentrations 

from temporary wells with elevated turbidity) and the future intended use of shallow groundwater 

(i.e., groundwater in the vicinity of the SWMU is not currently used or planned to be used for 

potable water purposes and future uses as such will be prohibited). 
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LEGEND 
@ - PHASE II TEMPORARY WELL FIGURE 3-2 * - PHASE 11 SURFACE SOIL SAMPLE INTERPRETIVE GROUNDWATER CONTOUR MAP 
9 - PHASE I SOlL BORING 
A - PHASE I SURFACE SOIL FOR APRIL 2004 
w - RFI SURFACE SOIL SAMPLE LACATION RCRA FACILITY INVESTIGATION-SWMU 2 6 1  /297 

I - RFI MONITORING WELL SAMPLE LOCATION 
- GROUNDWATER FLOW DIRECTION 

CTO-0041 

I I - GROUNDWATER CONTOUR MARINE CORPS BASE, CAMP LEJEUNE 
SOURCE: MCB CAMP LEJEUNE MARCH 2000 1 inch = 90 ft @-s) - GROUNDWATER ELEVATION NORTH CARQI INA 

Baker 



DRAINAGE DITCH 

UNNAMED TRIBUTARY SEAM LINES 
TO COGDEL'S CREEK 

- Exceeds AOC Background Concentrations 
Bold- Exceeds Base Background Concentrations 

Underline- Exceeds North Carolina Soil to Groundwater Concentrations 
Boxed- Exceeds USEPA Region IX Industrial Soil PRGs 

Phase I sample locations were not surveyed. locations are approximate. 

1 ,  - PHASE II TEMPO~WWELL FIGURE 4-1 
- PHASE II SURFACE SOlL SAMPLE 
- PHASE I SOlL BORING DISTRIBUTION OF CONSTITUENTS 
- PHASE I SURFACE SOlL - RFI SURFACE SOlL SAMPLE 

EXCEEDING SCREENING VALUES IN SOlL 
- RFI MONITORING WELL RCRA FACILITY INVESTIGATION-SWMU 261/297 

30 P IS CTO-0041 
SOURCE: MCB CAMP LEJEUNE MARCH 2000 - 1 inch = a0 it I 

MARINE CORPS BASE, CAMP LEJEUNE 
NORTH CAROLINA 

Baker 



FIGURE 4-2 
- PHASE II SURFACE SOlL SAMPLE - PHASE I SOlL BORING 

DISTRIBUTION OF CONSTITUENTS 
A - PHASE I SURFACE SOlL EXCEEDING SCREENING VALUES IN GROUNDWATER 
a - RFI SURFACE SOlL SAMPLE 

RFI MONITORING WELL RCRA FACILITY INVESTIGATION-SWMU 2 6 1  / 2 9 7  
CTO-0041 

SOURCE: MCB CAMP LEJEUNE MARCH 2000  1 inch = 30 ft I I 
MARINE CORPS BASE, CAMP LEJEUNE Baker 



FIGURE 7-1 
PHASE II TEMPORARY WELL 
PHASE n SURFACE SOIL SAMPLE 

SWMU 261 
pHAyF -*nm n n n - a n  SAMPLE LOCATION MAP 

.3L I 3UIL UUKlNC. 
r - PHASE I SURFACE SOIL - RFI SURFACE SOlL SAMPLE I - RFI MONITORING WELL 

MARINE CORPS BASE, CAMP LEJEUNE 
SOURCE: MCB CAMP LEJEUNE MARCH 2000 NORTH CAROLINA I 1 inch = 30 ft I ! 
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