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Introduction 
This Technical Memorandum presents the results of an investigation and health risk assessment Basic Remediation Company (BRC) performed for the Utility Corridor Sub-Area of the Basic Management, Inc. (BMI) Common Areas (Eastside) in Clark County, Nevada. The Utility Corridor Sub-Area will be referred to as the Site for the purposes of this Technical Memorandum. Figure 1 shows the location of the Site within the Eastide property.
The BMI Common Areas and Complex are located in Clark County, Nevada, and are situated approximately two miles west of the River Mountains and one mile north of the McCullough Range. The local surface topography slopes in a westerly to northwesterly direction from the River Mountains and in a northerly to northeasterly direction from the McCullough Range. Near the BMI Common Areas and Complex, the surface topography slopes north toward the Las Vegas Wash. According to the Nevada Bureau of Mines and Geology (NBMG) Las Vegas SE Folio Geologic Map (1977) and the Geologic Map of the Henderson Quadrangle, Nevada (NBMG 1980), the River Mountains and McCullough Range consist of volcanic rocks: dacite in the River Mountains and andesite in the McCullough Range.

The Site, consisting of a 50-foot wide ditch, passes through the Southern RIBs, First Eight Rows, Spray Wheel, and Upper Ponds sub-areas of the Eastside Area. As noted in the the BRC Closure Plan (BRC, ERM, and DBSA 2007), all of the Eastside sub-areas are planned for redevelopment according to a mixed-use master plan, which will include above- and below-ground utilities (potable water, sewerlines, power, gas), roadways, trails, parks, homes, schools, shops, and municipal buildings. The Site includes the length of the sewer alignment excavation north of Parcel 4B until it meets up with the tie-in location at the City of Henderson Water Reclamation Facility (WRF) at the northern boundary of the Upper Ponds sub-area (see Figure 1).
The purpose of this Technical Memorandum is to request a No Further Action Determination (NFAD) by the Nevada Division of Environmental Protection (NDEP) in order to facilitate the installation of a new 48-inch sewer line along this alignment. The alignment was excavated to varying depths, at first, based on visual indications of contamination (i.e., discolored soils). Confirmation samples were then collected from the post-excavated alignment. Subsequently, additional soils were also removed, in targeted areas, based on confirmation sampling. The current analysis uses data based on the most recent post-excavation, confirmation sample results. It does not use any historical (i.e., associated with excavated soils) data within the footprint of the excavation since these are no longer considered ‘existing’ data.
The sampling was conducted in accordance to the NDEP-approved Sewer Alignment Excavation Soil Sampling and Analysis Plan (SAP; BRC 2008). The Site investigation involved collection of soil matrix samples placed along the entire length of the sewer alignment excavation. Samples were collected every 100 feet within the southern portion of the excavation, through the Southern RIBs and First Eight Rows sub-areas; and every 200 feet along the Beta Ditch and through the Spray Wheel and Upper Ponds sub-areas. This provides enough samples for completion of a statistically robust dataset upon which to perform a health risk assessment. A site map, showing the sample locations, is provided on Figure 2.
Samples that were collected were depth-discrete soil matrix samples. Specifically, the objective of the sampling was to support the request for an NFAD for this Site, via a health risk assessment for the exposure scenarios discussed below. Therefore, this technical memorandum includes the following primary tasks:

· Conceptual site model (CSM);

· Data usability evaluation;

· Summary of data, including evaluation to comparison levels;

· Health risk assessment, including statistical comparison to background concentrations; and
· Data adequacy evaluation. 

Each of these tasks is discussed below.

Conceptual Site Model
The CSM is used to describe relationships between chemicals and potentially exposed human receptor populations, thereby delineating the relationships between the suspected sources of chemicals identified at the Site, the mechanisms by which the chemicals might be released and transported in the environment, and the means by which the receptors could come in contact with the chemicals. The CSM provides a basis for defining data quality objectives and developing exposure scenarios.

Site Description

The Site is a linear feature that is approximately 7,300 feet in length, 50 feet across, running north-south, and comprised of approximately 8.4 acres (Figure 1). It consists of undeveloped land with very little surface relief that is gently sloping to the northwest. It crosses through the waste conveyance and disposal ponds historically operated by the BMI Complex, including the Beta Ditch and Upper Ponds. Land use in the vicinity is mixed, ranging from industrial in the BMI Complex to light industrial at the margins of the Complex to commercial and residential on the periphery of the Eastside property. Lands surrounding the Eastside property are zoned commercial and residential, and are mostly developed. 

Summary of Existing Data

Most of the environmental investigations conducted at the Eastside property have focused on the adjacent operating facilities and Upper Ponds and Ditches areas of the BMI Common Areas, including some data that have been collected from within the Site in support of those efforts. Only five soil samples from historical sampling events are located within the Site. These sample locations are all associated with the BMI Common Areas Environmental Conditions Investigation (ECI) conducted during March and April 1996 (Dataset 1a; ERM 1996). These sample locations include discrete samples collected from two locations along the Beta Ditch (sample locations BDB-16 and BDB-17) and composite samples from three ponds (PUA-9, PUB-10, and PUC-8). Soil samples from these locations were collected and analyzed for volatile organic compounds (VOCs), semi-volatile organic compounds (SVOCs), organochlorine pesticides, polychlorinated biphenyls (PCBs), metals, perchlorate, and/or radionuclides. 
Although elevated concentrations of several of these compounds were detected in these soil samples, not unexpected given they were collected from known contaminated ponds and ditch, as discussed above, excavation of the sewer alignment consisted of the removal and stockpiling of soil from the entire length of the sewer alignment to a depth of approximately four feet below ground surface and 50 feet across. Therefore, historical surface soil data within the footprint of the excavation are no longer considered ‘existing’ data. In addition, many of the previous samples were composite sampling, all soil samples were collected over 10 years ago, and not all of the previous samples have been analyzed for all of the major chemicals or chemical families and several used different analytical methods. Therefore, because of these factors, and because the current investigation results are considered representative of current site conditions, previous results are not evaluated further in this Technical Memorandum. The historical results are provided in Attachment A. 
Potential Human Exposure Scenarios
The CSM considers current and potential future land-use conditions. Currently, the Site is undeveloped. Current receptors that may use the Site include on-site trespassers. Therefore, current exposures to native soils at the Site are likely to be minimal. In addition, exposures to future receptors will be much greater than current exposures. For example, future receptors include potential workers who are assumed to be exposed to soil at the Site for 225 days per year for 25 years which is much greater than any current exposures. 

U.S. Environmental Protection Agency (USEPA; 1989) guidance states that potential future land use should be considered in addition to current land use when evaluating the potential for human exposure at a site. Therefore, the CSM also considers other future land-uses. For example, because the Site will be an infrastructure easement in support of future development of the Eastside, the CSM includes construction workers (sewer installation) and future maintenance workers (repair and upkeep of the infrastructure). Potential migration pathways, exposure pathways, and routes of exposure are shown on Figure 3. It is important to note that the entire Site is beneath future roadways under the prospective redevelopment plan. This, therefore, precludes potential exposures to future residential receptors to Site soils. The current development plan for the Site is shown on Figure 4. 
Although several potential human receptors may occur on the Site in the future, the health risk assessment focuses on the future potential maintenance worker and construction worker receptors. These receptors are considered to have the highest level of exposure at the Site, as supported by the projected land use (infrastructure easement and sewer installation). Other receptors generally have lower exposures, and thus lower risk estimates. Therefore, risk estimates generated for the worker receptors will be protective of other potential receptors at the Site. 
Data Usability Evaluation
The primary objective of the data review and usability evaluation was to identify appropriate data for use in the health risk assessment. The analytical data were reviewed for applicability and usability following procedures in the Guidance for Data Usability in Risk Assessment (Part A) (USEPA 1992a) and USEPA (1989) and NDEP’s Data Usability Guidance for the BMI Complex and Common Areas (NDEP 2008). A quality assurance/quality control (QA/QC) review of the analytical results was conducted during the sampling events. According to the USEPA Data Usability Guidance, there are six principal evaluation criteria by which data are judged for usability in risk assessment. The six criteria are: 

· reports to risk assessor (availability of information associated with site data)
· documentation; 

· data sources; 

· analytical methods and detection limits; 

· data review; and 

· data quality indicators, including precision, accuracy, representativeness, comparability, and completeness. 

A summary of these six criteria for determining data usability is provided below. Data usability evaluation tables are provided electronically in Attachment B.
Criterion I – Reports to Risk Assessor (Availability of Information Associated with Site Data)
The usability analysis of the site characterization data requires the availability of sufficient data for review. The required information is available from documentation associated with the site data and data collection efforts. Data have been validated per the NDEP-approved Data Validation Summary Report, Sewer Alignment Excavation Soil Investigation, April and August 2008 (Dataset 50) (DVSR; BRC and ERM 2008). The following lists the information sources and the availability of such information for the data usability process:

· A Site description provided in this Technical Memorandum and the NDEP-approved SAP (BRC 2008) identifies the location and features of the Site, the characteristics of the vicinity, and contaminant transport mechanisms.

· A site map with sample locations is provided in Figure 2.

· Sampling design and procedures were provided in the NDEP-approved SAP (BRC 2008).

· Analytical methods and detection limits are provided in Attachment A.

· A complete dataset is provided in Attachment A.

· A narrative of qualified data is provided with each analytical data package, the laboratory provided a narrative of QA/QC procedures and results. These narratives are included as part of the DVSR (BRC and ERM 2008).

· QC results are provided by the laboratory, including blanks, replicates, and spikes. The laboratory QC results are included as part of the DVSR (BRC and ERM 2008).

· Data flags used by the laboratory were defined adequately

· Electronic files containing the raw data made available by the laboratory are included as part of the DVSR (BRC and ERM 2008).

Criterion II – Documentation Review

The objective of the documentation review is to confirm that the analytical results provided are associated with a specific sample location and collection procedure, using available documentation. For the purposes of this data usability analysis, the chain-of-custody forms prepared in the field were reviewed and compared to the analytical data results provided by the laboratory to ensure completeness of the dataset. Based on the documentation review, all samples analyzed by the laboratory were correlated to the correct geographic location at the Site. Field procedures included documentation of sample times, dates and locations, other sample specific information such as sample depth were also recorded. Information from field forms generated during sample collection activities was imported into the project database.

The analytical data were reported in a format that provides adequate information for evaluation, including appropriate quality control measures and acceptance criteria. Each laboratory report describes the analytical method used, provides results on a sample by sample basis along with sample specific detection limits, and provides the results of appropriate quality control samples such as laboratory control spike samples, sample surrogates and internal standards (organic analyses only), and matrix spike samples. All laboratory reports, except for asbestos, provided the documentation required by USEPA’s Contract Laboratory Program (USEPA 2003a, 2004a,b) which includes chain of custody records, calibration data, QC results for blanks, duplicates, and spike samples from the field and laboratory, and all supporting raw data generated during sample analysis. Reported sample analysis results were imported into the project database.
The recommended method for providing asbestos data which are useful for risk assessment purposes was performed by EMSL Analytical Inc in Westmont, New Jersey. This laboratory is not currently certified in the State of Nevada, but has California and national accreditation for asbestos analysis. 

To interpret measurements of asbestos in soils, it is necessary to establish the relationship between the asbestos concentrations observed in soils and concentrations that will occur in air when such soil is disturbed by natural or anthropogenic forces. This is because asbestos is a hazard when inhaled (see, for example, Berman and Crump 2001; USEPA 2003b). In fact, the Modified Elutriator Method (Berman and Kolk 2000), which was the method employed to perform the analyses presented in this report, was designed specifically to facilitate prediction of airborne asbestos exposures based on bulk measurements (see, for example, Berman and Chatfield 1990).

The Modified Elutriator Method incorporates collection of samples that are re-suspended and then forced through an airway and filter. Asbestos structures are isolated and concentrated of as part of the respirable dust fraction of a sample and analytical measurements are reported as the number of asbestos structures per mass of respirable dust in the sample. These are precisely the dimensions required to combine such measurements with published dust emission and dispersion models to convert them to asbestos emission and dispersion estimates. Thus, because published dust emission and dispersion models can be used to address many of the exposure pathways of interest in this study, these can be combined with measurements from the Modified Elutriator Method to predict airborne exposures and assess the attendant risks.

Criterion III –Data Sources

The review of data sources is performed to determine whether the analytical techniques used in the site characterization process are appropriate for risk assessment purposes. The data collection activities were developed to characterize a broad spectrum of chemicals potentially present on the Site, including asbestos, aldehydes, general chemistry/ions, VOCs, SVOCs, metals, dioxins/furans, polynuclear aromatic hydrocarbons (PAHs), organo​chlorine pesticides, radionuclides, and PCBs. As discussed above in the Summary of Existing Data section, historical data collected from the Site are not evaluated further in this data review, or the health risk assessment.
The State of Nevada is in the process of certifying the laboratories used to generate the analytical data. As such, standards of practice in these laboratories follow the quality program developed by the Nevada Revised Statutes (NRS) and are within the guidelines of the analytical methodologies established by the USEPA. Based on the review of the available information, the data sources for chemical and physical parameter measurements are adequate for use in a risk assessment.

Criterion IV – Analytical Methods and Detection Limits

In addition to the appropriateness of the analytical techniques evaluated as part of Criterion III, it is necessary to evaluate whether the detection limits are low enough to allow adequate characterization of risks. At a minimum, this data usability criterion can be met through the determination that routine USEPA reference analytical methods were used in analyzing samples collected from the Site. Attachment A identifies the USEPA methods that were used in conducting the laboratory analysis of soil samples. Each of the identified USEPA methods is considered the most appropriate method for the respective constituent class and each was approved by NDEP as part of the SAP (BRC 2008).

Laboratory reporting limits were based on those outlined in the reference method, the SAP, and the project QAPP (BRC, ERM and MWH 2008). In accordance with respective laboratory standard operating procedures (SOPs), the analytical processes included performing instrument calibration, laboratory method blanks, and other verification standards used to ensure quality control during the analyses of collected samples. 

The range of detection limits achieved in field samples was compared to USEPA Region 6 soil medium-specific screening levels (MSSLs; USEPA 2007). No chemicals had report detection limits (RDLs) that exceeded their respective MSSLs. Several chemicals had RDLs above USEPA (2007) soil screening levels (SSLs); however, given the discussion provided below in the Data Summary section, migration of chemicals at the Site to groundwater is considered unlikely. Therefore, the detection limits are considered adequate for risk assessment purposes.
Criterion V – Data Review

The data review portion of the data usability process focuses primarily of the quality of the analytical data received from the laboratory. Soil sample data were subject to data validation. A DVSR was prepared as a separate deliverable (BRC and ERM 2008). The analytical data were validated according to the internal procedures using the principles of USEPA National Functional Guidelines (USEPA 1999, 2001a, 2002a, 2004a,b) and were designed to ensure completeness and adequacy of the dataset. Any analytical errors and/or limitations in the data have been addressed and an explanation for data qualification provided in the respective data tables. The results of ERM’s data review for these issues are presented in the DVSR and are summarized below.

Although certain laboratory limits, such as percent recovery (PR) and relative percent difference (RPD) between sample and duplicate, were exceeded for certain compounds or analyses, as identified by the laboratory (and confirmed during ERM’s review of the data), there does not appear to be a wide-spread effect on the quality of the analytical results. Furthermore, based on a review of the laboratory narratives (provided in the laboratory reports in the DVSR), the laboratory does not believe that the observed exceedances of laboratory criteria represent a concern. 

For 2,598 out of 19,378 analytical results, quality criteria were not met and various data qualifiers were added to indicate limitations and/or bias in the data. The definitions for the data qualifiers, or data validation flags, used during validation are those defined in SOP-40 (BRC, ERM and MWH 2007) and the project QAPP (BRC, ERM and MWH 2008). Sample results were rejected based on findings of serious deficiencies in the ability to properly collect or analyze the sample and meet QC criteria. Only rejected data were considered unusable for decision-making purposes and rejected analytical results are not used in the health risk assessment. Only four samples, three of which were hexavalent chromium in rinsate samples, and one cyanide soil sample (at sample location SAE-39), were rejected in the Site dataset.
Sample results qualified as estimated were affected by special circumstances and are likely to be quantitatively biased to some degree; estimated analytical results are used in the health risk assessment. Data qualified as anomalous represents an analyte or compound that was not detected above the sample quantitative limit and such data are used in the health risk assessment. These data usability decisions follow the guidelines provided in the Guidance for Data Usability in Risk Assessment (Part A) (USEPA 1992a).
Criterion VI – Data Quality Indicators
Data quality indicators (DQIs) are used to verify that sampling and analytical systems used in support of project activities are in control and the quality of the data generated for this project is appropriate for making decisions affecting future activities. The DQIs address the field and analytical data quality aspects as they affect uncertainties in the data collected for site characterization and risk assessment. The DQIs include precision, accuracy, representativeness, comparability, and completeness (PARCC). The project QAPP provides the definitions and specific criteria for assessing DQIs using field and laboratory QC samples and is the basis for determining the overall quality of the dataset. Data validation activities included the evaluation of PARCC parameters, and all data not meeting the established PARCC criteria were qualified during the validation process using the guidelines presented in the National Functional Guidelines for Laboratory Data Review, Organics and Inorganics and Dioxin/Furans (USEPA 1999, 2004c, 2005). 
Precision is a measure of the degree of agreement between replicate measurements of the same source or sample. Precision is expressed by RPD between replicate measurements. Replicate measurements can be made on the same sample or on two samples from the same source. Precision is generally assessed using a subset of the measurements made. The precision of the data was evaluated using several laboratory QA/QC procedures. Based on ERM’s review of the results of these procedures, there do not appear to be any wide-spread data usability issues associated with precision.

Accuracy measures the level of bias that an analytical method or measurement exhibits. To measure accuracy, a standard or reference material containing a known concentration is analyzed or measured and the result is compared to the known value. Several QC parameters are used to evaluate the accuracy of reported analytical results:

· Holding times and sample temperatures;

· LCS percent recovery;

· matrix spike/matrix spike duplicate (MS/MSD) percent recovery (organics);

· Spike sample recovery (inorganics)

· Surrogate spike recovery; and

· Blank sample results.

Detailed discussions of and tables with specific exceedances, with respect to precision and accuracy, are provided in the DVSR (BRC and ERM 2008).

Representativeness is the degree to which data accurately and precisely represent a characteristic of the population at a sampling point or an environmental condition (USEPA 2002a). There is no standard method or formula for evaluating representativeness, which is a qualitative term. Representativeness is achieved through selection of sampling locations that are appropriate relative to the objective of the specific sampling task, and by collection of an adequate number of samples from the relevant types of locations. The sampling locations were based on both systematic sampling with random point placement within each grid cell, as well as focused samples collected from specific areas to further investigate potential areas. The samples were analyzed for a broad spectrum of chemical classes across the Site. Samples were delivered to the laboratory in coolers with ice to minimize the loss of analytes. At times the samples were analyzed beyond the holding time. Sample specific results are discussed in the DVSR.

Completeness is commonly expressed as a percentage of measurements that are valid and usable relative to the total number of measurements made. Analytical completeness is a measure of the number of overall accepted analytical results, including estimated values, compared to the total number of analytical results requested on samples submitted for analysis after review of the analytical data. Some of the data were eliminated due to data usability concerns. The percent completeness for the Site is 99.98 percent.

Comparability is a qualitative characteristic expressing the confidence with which one dataset can be compared with another. The desire for comparability is the basis for specifying the analytical methods; these methods are generally consistent with those used in previous investigations of the Site. The comparability goal is achieved through using standard techniques to collect and analyze representative samples and reporting analytical results in appropriate units. The ranges of sample results from the current investigation are comparable to recent results at the Eastside (for example, the Mohawk sub-area), as well as the site background datasets.

Data Summary
Initially, 67 samples were collected from 46 sample locations. Sample locations for this current investigation are shown on Figure 2. Results of the investigation are presented in Attachment A, and electronically on CD. As noted above, all data have been validated. 
Following the first round of sampling, because of elevated levels of the following constituents at the surface soil locations listed below, surface soil was scraped and removed from around these locations.
	Sample Location
	Asbestos
	SVOCs
	Dioxins/Furans
	Metals
	Radionuclides

	SAE-01
	Chrysotile
(9 fibers)
	 
	 
	 
	e.g., Th-228
(6.4 pCi/g)

	SAE-05
	Chrysotile
(9 fibers)
	 
	 
	 
	 

	SAE-06
	Chrysotile
(8 fibers)
	 
	 
	 
	 

	SAE-07
	 
	Hexachlorobenz-ene (2 mg/kg)
	TCDD TEQ
(3,704 ppt)
	Arsenic
(34.5 mg/kg)
	 

	SAE-09
	Chrysotile
(4 fibers)
	 
	 
	Arsenic
(28.7 mg/kg)
	 

	SAE-11
	Chrysotile
(7 fibers)
	 
	 
	 
	 

	SAE-12
	Chrysotile
(7 fibers)
	 
	 
	 
	 

	SAE-13
	Chrysotile
(4 fibers)
	 
	 
	 
	 

	SAE-14
	 
	Hexachlorobenz-ene (1.4 mg/kg)
	 
	Arsenic
(60.2 mg/kg)
	e.g., U-238
(4.67 pCi/g)

	SAE-15
	 
	 
	 
	Arsenic
(10.2 mg/kg)
	 

	SAE-16
	Chrysotile
(5 fibers)
	 
	TCDD TEQ
(1,760 ppt)
	Arsenic
(12.6 mg/kg)
	 

	SAE-17
	Chrysotile
(5 fibers)
	 
	 
	Arsenic
(33.5 mg/kg)
	 

	SAE-18
	Chrysotile (8 fibers); Amphibole
	 
	 
	 
	 

	SAE-19
	Amphibole
(1 fiber)
	 
	 
	 
	 

	SAE-20
	Chrysotile
(14 fibers)
	 
	 
	 
	 

	SAE-21
	Chrysotile (13 fibers); Amphibole
	 
	 
	 
	 

	SAE-23
	Chrysotile (8 fibers); Amphibole
	 
	 
	 
	 

	SAE-24
	Chrysotile (4 fibers); Amphibole
	 
	 
	 
	 

	SAE-42
	 
	 
	 
	Arsenic
(48.1 mg/kg)
	 


The surface soil removal areas are shown on Figure 2. Post-scrape samples were collected and analyzed for target constituents that triggered the soil removal at each sample location. The original surface sample data from these locations were replaced with data from the confirmatory samples. A second round of surface soil removal was conducted at sample locations SAE-14R (arsenic [25.4 mg/kg]), SAE-15R (arsenic [32.5 mg/kg]), SAE-16R (arsenic [29.7 mg/kg] and dioxins/furans [1,374 ppt]), SAE-17R (arsenic [23.5 mg/kg]), and SAE-42R (arsenic [11.4 mg/kg]).
 The original post-scrape surface sample data from these locations were replaced with data from the confirmatory samples. All post-scrape data have been validated. Although soil removal would affect the concentrations of all analytes, confirmatory sampling only analyzed for the constituents that triggered the soil removal.
 Therefore, in the absence of post-scrape data, the pre-scrape data are used for all other analytes in the remainder of this data summary and health risk assessment.
Using the compound-specific information presented in Table 2 of the QAPP (BRC, ERM and MWH 2008), the comparison levels for each chemical included in the investigation were compiled and compared. Specific soil comparison levels used for this effort were as follows:

· USEPA Region 6 outdoor worker soil MSSLs (USEPA 2007); and

· SSLs protective of groundwater assuming dilution attenuation factors (DAFs) of 1 and 20 (USEPA 2007). 

A DAF of one is used when little or no dilution or attenuation of soil leachate concentrations is expected. Because the property is less than 30 acres, because of the depth to groundwater (ranging from approximately 17 feet bgs at the northern end of the Site to 60 feet bgs at the southern end of the Site, as indicated in the at-depth samples that were collected from the capillary fringe; see Appendix B for sample/capillary fringe depths) and the absence of fractured media or karst topography, consistent with USEPA (2002b) recommendations, SSLs using a DAF of 20 were also considered appropriate for comparison purposes for the Site. A summary of the data for the property, including identification of number of instances that chemical concentrations exceed each of the comparison levels are listed in Table 1 (pre-scrape data for the target constitents are not included, that is, these have been replaced by post-scrape data; however, pre-scrape data for the non-target constitents are included in Table 1), and summarized below.
Except as discussed below, there are no chemicals or instances where concentrations exceed USEPA Region 6 outdoor worker soil MSSLs. Although there are numerous instances where arsenic and radionuclides exceed USEPA Region 6 outdoor worker MSSLs, there are only a few instances where arsenic and radionuclides exceeded their respective 2005 shallow soil background levels (presented in the Background Shallow Soil Summary Report, BMI Complex and Common Area Vicinity [BRC and TIMET 2007]). These are evaluated further in the health risk assessment section of this Technical Memorandum. 

For dioxins/furans, the USEPA toxicity equivalency procedure, developed to describe the cumulative toxicity of these compounds, is applied. This procedure involves assigning individual toxicity equivalency factors (TEFs) to the 2,3,7,8 substituted dioxin/furan congeners and PCB-congeners. TEFs are estimates of the toxicity of dioxin-like compounds relative to the toxicity of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), which is assigned a TEF of 1.0. Calculating the toxic equivalent (TEQ) of a mixture involves multiplying the concentration of individual congeners by their respective TEF. One-half the detection limit is used for calculating the TEQ for individual congeners that are non-detect in a particular sample. The sum of the TEQ concentrations for the individual congeners is the TEQ concentration for the mixture (referred to as the TCDD TEQ).

TCDD TEQs were compared to the Agency for Toxic Substances and Disease Registry (ATSDR) action level of 1.0 parts per billion (ppb or 1,000 parts per trillion [ppt]; ATSDR 1997). The ATSDR action level is used to identify where potential health effects may be of concern at a site. There were no instances where TCDD TEQs exceeded this level.
As discussed above, depth to groundwater at the Site ranges from approximately 17 to 60 feet bgs. There are several instances where metals, radionuclides, beta‑BHC, hexachlorobenzene, and dichloromethane exceed their respective USEPA SSLs. For the organic compounds (beta‑BHC, hexachlorobenzene, and dichloromethane), most of these instances were in surface soil, with only two samples (one each of hexachlorobenzene and dichloromethane) collected at 10 feet bgs above the USEPA SSL. In the case of hexachlorobenzene (SAE-7), the concentration at 10 feet bgs was less than that measured at the surface (0.36 mg/kg versus 0.11 mg/kg); while for dichloromethane (SAE-22), the concentration at 10 feet bgs was greater than that measured at the surface (0.0031 mg/kg versus non-detect). The DAF of 1 for dichloromethane is extremely low (0.001 mg/kg) and is often exceeded by non-detects as well.
For metals, in most instances Site concentrations were consistent with background concentrations. There are only three instances were concentrations at 10 feet bgs that exceed USEPA SSLs are both greater than the concentration at the surface, and that exceed the maximum background concentration. These are arsenic (maximum background is 7.2 mg/kg) at SAE-38 (7.9 mg/kg at 10 feet bgs versus 3.7 mg/kg at the surface), barium (maximum background is 836 mg/kg) at SAE-15 (1,100 mg/kg at 10 feet bgs versus 757 mg/kg at the surface), and nickel (maximum background is 30 mg/kg) at SAE-7 (32.9 mg/kg at 10 feet bgs versus 16.9 mg/kg at the surface). None of these are indicative of contaminants migrating with depth.

Given the discussion above, there is no indication that concentrations increase with depth, supporting the conclusion that currently the Site is not a likely source of impacts to groundwater. This is further supported by the low level of detected chemicals most associated with potential groundwater impacts (e.g., VOCs, some organochlorine pesticides). In addition, as indicated previously, the Site will be entirely beneath a road surface, effectively serving as a ‘cap’ for the infiltration of water from the surface. Although various infrastructures will exist within the Site (for example, sewerline), which have the potential to leak and become a potential source of downward infiltration, this is considered of minimal likelihood, given current standards for sewer design and construction as well as the focus on leak prevention and associated water loss in Henderson. Therefore, potential impacts to groundwater, and subsequent groundwater exposures were not further evaluated. It should be noted that development of the Site will not preclude future groundwater investigation or remediation activities that may need to be conducted by BRC.
Health Risk Assessment
The comparison levels in the Data Summary section above do not take into account cumulative effects, nor do they consider all potential exposure pathways (for example, the construction dust inhalation pathway). Therefore, the purpose of the health risk assessment is to determine if chemical concentrations in Site soils are: (1) either representative of background conditions; or (2) do not pose an unacceptable risk to human health and the environment under current and anticipated future use conditions. 

Human health risks are represented by estimated theoretical upper-bound cancer risks and non-cancer hazards derived in accordance with standard USEPA methods. The acceptable risk levels defined by USEPA for the protection of human health, and following those discussed previously with NDEP, are:

1.  For non-carcinogenic compounds, the acceptable criterion is a cumulative hazard index (HI) of one or less. If the total HI is determined to be greater than 1.0, target organ-specific HIs will be calculated for primary and secondary organs. The final risk goal will be to achieve target organ-specific non-carcinogenic HIs of less than 1.0; and

2.  For known or suspected chemical and radionuclide carcinogens, the acceptable ceiling for a cumulative incremental lifetime cancer risk (ILCR) ranges from 10-6 to 10-4. The risk goal established by the NDEP is 10-6.

3.  Where background levels exceed risk level goals, metals and radionuclides in Site soils are targeted to have risks no greater than those associated with background conditions.

4.  For lead, the target goal is 400 mg/kg, which is a soil concentration identified by USEPA (based on the Integrated Exposure Uptake Biokinetic Model [IEUBK]) as protective of a residential scenario. However, as this Site represents a non-residential scenario, the USEPA Region 6 outdoor worker soil MSSL of 800 mg/kg is used instead (USEPA 2007).
5.  For asbestos, calculations are based upon cancer criterion and a risk goal of 10‑6.

This health risk assessment follows the basic procedures outlined in USEPA Risk Assessment Guidance for Superfund: Volume I—Human Health Evaluation Manual (RAGS; USEPA 1989). Other guidance documents were also consulted for the health risk assessment. This health risk assessment also conforms to the methodology included in the BRC Closure Plan (BRC, ERM, and DBSA 2007).

Evaluation of Concentrations Relative to Background Conditions

The comparison of Site-related soil concentrations to background levels was conducted using the existing, shallow soils background dataset presented in the Background Shallow Soil Summary Report, BMI Complex and Common Area Vicinity (BRC and TIMET 2007). Because of the lithology of the Site, only background data from the McCullough and Mixed lithologies were used from the background dataset. The background dataset used in included in Attachment A. Background comparisons were performed using the Quantile test, Slippage test, the t-test, and the Wilcoxon Rank Sum test with Gehan modification. The computer statistical software program, Guided Interactive Statistical Decision Tools (GiSdT®; Neptune and Company 2007), was used to perform all statistical comparisons. 
For samples with primary and field duplicate results, the site sample and field duplicate are treated as independent samples and both are included in all subsequent data analyses, regardless of whether one or both are non-detect. The results of the background comparison evaluation are presented in Table 2, and summarized below.
	Chemical
	Greater than Background?
	Basis

	Aluminum
	NO
	Multiple tests

	Antimony
	YES
	Multiple tests

	Arsenic
	YES
	Multiple tests

	Barium
	YES
	Multiple tests

	Beryllium
	NO
	Multiple tests

	Boron
	NO
	Multiple tests; low detection frequency; detection limits in background are lower than those at the site

	Cadmium
	YES
	Multiple tests

	Calcium
	NO
	Multiple tests

	Chromium (Total)
	YES
	Multiple tests

	Chromium (VI)
	YES
	Background are non-detect

	Cobalt
	NO
	Multiple tests

	Copper
	NO
	Multiple tests

	Iron
	NO
	Multiple tests

	Lead
	YES
	Multiple tests

	Lithium
	NO
	Multiple tests; low detection frequency; site max detect and median are less than background

	Magnesium
	NO
	Multiple tests

	Manganese
	YES
	Multiple tests

	Molybdenum
	YES
	Multiple tests

	Mercury
	NO
	Multiple tests

	Nickel
	NO
	Multiple tests

	Niobium
	YES
	Multiple tests

	Palladium
	NO
	Multiple tests; maximum detect less than maximum background

	Phosphorus
	NO
	Multiple tests

	Platinum
	YES
	Multiple tests

	Potassium
	NO
	Multiple tests

	Selenium
	NO
	Non-detect at the site

	Silicon
	NO
	Multiple tests

	Silver
	YES
	Multiple tests

	Sodium
	YES
	Max site detect, site median and mean are greater than background

	Strontium
	NO
	Multiple tests

	Thallium
	YES
	Mulitple tests; low detection frequency

	Tin
	YES
	Multiple tests

	Titanium
	YES
	Max site detect is greater than six times the background max detect

	Tungsten
	YES
	Multiple tests

	Uranium
	YES
	Multiple tests

	Vanadium
	YES
	Multiple tests

	Zinc
	YES
	Multiple tests

	Zirconium
	NO
	Multiple tests

	Radium-226
	NO
	In the decay chain of Uranium-238

	Radium-228
	NO
	In the decay chain of Thorium-232

	Thorium-228
	NO
	In the decay chain of Thorium-232

	Thorium-230
	NO
	In the decay chain of Uranium-238

	Thorium-232
	NO
	Multiple tests

	Uranium-233/234
	NO
	In the decay chain of Uranium-238

	Uranium-235/236
	NO
	Multiple tests; low detection frequency

	Uranium-238
	NO
	Multiple tests


Cumulative probability plots and side-by-side box-and-whisker plots were also prepared and are included in Attachment C. These plots give a visual indication of the similarities between the Site and background datasets.
The results of this comparison indicate that levels of antimony, arsenic, barium, cadmium, total chromium, hexavalent chromium, lead, manganese, molybdenum, niobium, platinum, silver, sodium, thallium, tin, titanium, tungsten, uranium, vanadium, and zinc exceed background levels. Although the comparison statistics indicate that these metals levels at the Site are above background, the cumulative probability plots and box-and-whisker plots indicate that for several of these metals the differences are statistically significant, but practically small. However, as discussed below, these metals are considered in the health risk assessment.
Selection of Chemicals of Potential Concern

The broad suite of analytes sampled for was the initial list of chemicals of potential concern (COPCs) at the Site. However, in order to ensure that a risk assessment focuses on those substances that contribute the greatest to the overall risk (USEPA 1989); two procedures were used to eliminate the chemicals for quantitative evaluation in the health risk assessment:

· identification of chemicals with detected levels which are at or less than background concentrations (where applicable), and

· identification of chemicals that are infrequently detected at the Site.

The procedure for evaluating chemicals relative to background conditions was presented above. From this list of COPCs, further selection was performed by:

· Including chemicals positively identified in at least one sample, including: (1) chemicals with no qualifiers attached (excluding non-detect results with unusually high detection limits, if warranted), and (2) chemicals with qualifiers attached that indicate known identities but estimated concentrations (e.g., J-qualified data); and

· Including chemicals detected at levels significantly elevated above levels of the same chemicals detected in associated blank samples (this protocol includes an analyte if it is known to be site-related and its concentration is greater than five times the maximum amount detected in any blank; if the chemical is a common laboratory contaminant [as defined by USEPA 1989], it is included only if its concentration is greater than 10 times the maximum amount detected in any blank). 

Another criterion that may warrant chemical reduction is the frequency of detection. In general, chemicals exhibiting a low frequency of detection will not contribute significantly to the risk estimates. USEPA (1989) suggests that chemicals with a frequency of detection less than or equal to five percent, with the exception of metals, known human carcinogens, and persistent, bioaccumulative, and toxic (PBT) chemicals as defined by the USEPA PBT program (USEPA 2008a), may be considered for elimination. Prior to eliminating a chemical based on the frequency of detection criteria, (1) any elevated detection limits are addressed, and (2) data distributions within the Site are considered. Results of the selection of COPCs, including the rationale for excluding chemicals as COPCs are presented in Table 3.
Determination of Exposure Point Concentrations

A representative exposure concentration is a COPC-specific and media-specific concentration value. In risk assessment, these exposure concentrations are values incorporated into the exposure assessment equations from which potential baseline human exposures are calculated. As described below, the methods, rationale, and assumptions employed in deriving these concentration values follow USEPA guidance and reflect site-specific conditions. 

Soil

Due to the uncertainty associated with determining the true average concentration at a site, where direct measurements of the site average are unavailable, the USEPA recommends using the lower of the maximum detected concentration or the 95 percent upper confidence limit (UCL) as the concentration of a chemical to which an individual could be exposed over time (USEPA 1992b). For the 95 percent UCL concentration approach, the 95 percent UCL was computed in order to represent the area-wide exposure point concentrations. The 95 percent UCL is defined as the value that, when calculated repeatedly for randomly drawn subsets of site data, equals or exceeds the true mean 95 percent of the time (USEPA 1992b). The purpose for using the 95 percent UCL is to take into account the different concentrations a person may be exposed to on any given day. That is, an individual will be exposed to a range of concentrations that exist at an exposure area, from non-detect to the maximum concentration, over an entire exposure period.

The 95 percent UCL statistical calculations were performed using the computer statistical software program GiSdT® (Neptune and Company 2007). See the Evaluation of Concentrations Relative to Background Conditions section for how sample locations with field duplicates were treated prior to the 95 percent UCL statistical calculations. The formulas for calculating the 95 percent UCL COPC concentration (as the representative exposure concentration) are presented in USEPA (1992b, 2002c). 

The representativeness of the 95 percent UCLs for each exposure area, that is, a Site-wide mean concentration is valid for both maintenance and construction workers at the Site, is further supported by the bubble plot figures included in Attachment D. Figures for each of the COPCs are included in Attachment D. 
Representative exposure concentrations for soil were based on the potential exposure depth for each of the receptors. For both maintenance and construction worker receptors, which are likely to be exposed to on-site surface and sub-surface soils, data from the surface to 10 feet bgs were used. In order to consider the potential that surface exposures might be higher than subsurface exposures, 95 percent UCLs were calculated for both surface soil data only and data from surface to 10 feet bgs. The higher of the two values was used in the risk estimates. The 95 percent UCL for each COPC is presented in Table 4. For indirect exposures, this concentration was used in fate and transport modeling.

The exposure point concentrations for asbestos were based on the pooled analytical sensitivity of the dataset. Therefore, asbestos exposure point concentrations are determined differently than those for the other COPCs. The pooled analytical sensitivity was calculated as follows:
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Two estimates of the asbestos concentration were evaluated, best estimate and upper bound as defined in the draft methodology (USEPA 2003b). The best estimate concentration is similar to a central tendency estimate, while the upper bound concentration is comparable to a reasonable maximum exposure estimate. The pooled analytical sensitivity is multiplied by the number of chrysotile or amphibole structures to estimate concentration:
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For the best estimate, the number of fibers measured is incorporated into the calculation above. The upper bound of the asbestos concentration was also evaluated. It is calculated as the 95 percent UCL of the Poisson distribution where the mean equals the number of structures detected. In EXCEL, the following equation may be employed to calculate this value: 
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This value is then multiplied by the pooled analytical sensitivity to estimate the upper bound concentration. The intent of the risk assessment methodology was to predict the risk associated with airborne asbestos. 

In order to quantify the airborne asbestos concentration, the estimated dust levels or particulate emission factors were used:
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Outdoor Air

Exposure to COPCs bound to dust particles was evaluated using the USEPA’s Particulate Emission Factor (PEF) approach (2002b). The USEPA guidance for dust generated by construction activities (USEPA 2002b) was used for assessing construction worker exposures. For exposures to VOCs in outdoor air, the USEPA volatilization factor approach was used (USEPA 2002b). Input soil concentrations for these models were the exposure point concentrations identified above.
Risk Assessment Methodology

The method used in the health risk assessment consists of several steps. The first step is the calculation of exposure point concentrations representative of the particular area (see above). The second step is fate and transport modeling to predict concentrations that may be present when direct measurements are not available. The third step is the exposure assessment for the various receptors present in the particular areas. The next step is to define the toxicity values for each COPC. The final step is risk characterization where theoretical upper-bound ILCRs and non-cancer HIs are calculated. The BRC Closure Plan (BRC, ERM, and DBSA 2007) provides a full discussion on the risk assessment methodology for the project, and used in this health risk assessment.

Table 5 presents each of the exposure parameters for the construction workers and maintenance workers used in the health risk assessment for each pathway identified in Figure 3. Toxicity values, when available, are published by the USEPA in the on-line Integrated Risk Information System (IRIS; USEPA 2008b) and the Health Effects Assessment Summary Tables (HEAST; USEPA 1997). Cancer slope factors (CSFs) are chemical‑specific, experimentally-derived potency values used to calculate the risk of cancer resulting from exposure to carcinogenic chemicals. A higher value implies a more potent carcinogen. Reference doses (RfDs) are experimentally derived “no‑effect” values used to quantify the extent of adverse non-cancer health effects from exposure to chemicals. Here, a lower RfD implies a more potent toxicant. These criteria are generally developed by USEPA risk assessment work groups and listed in USEPA risk assessment guidance documents and databases. The hierarchy for selecting toxicity criteria presented in the BRC Closure Plan (BRC, ERM, and DBSA 2007) was used.

Uncertainty Analysis

Risk estimates are values that have uncertainties associated with them. These uncertainties, which arise at every step of a risk assessment, are evaluated to provide an indication of the uncertainty associated with a risk estimate. Risk assessments are not intended to estimate the true risk to a receptor associated with exposure to chemicals in the environment. In fact, estimating the true risk is impossible because of the variability in the exposed or potentially exposed populations. Therefore, risk assessment is a means of estimating the probability that an adverse health effect (e.g., cancer, impaired reproduction) will occur in a receptor in order to assist in decision making regarding the protection of human health. The multitude of conservative assumptions used in risk assessments guard against underestimation of risks.

Risk estimates are calculated by combining site data, assumptions about individual receptor’s exposures to impacted media, and toxicity data. The uncertainties in this health risk assessment can be grouped into four main categories that correspond to these steps:

· Uncertainties in environmental sampling and analysis

· Uncertainties in fate and transport modeling

· Uncertainties in assumptions concerning exposure scenarios

· Uncertainties in toxicity data and dose‑response extrapolations

General uncertainties associated with the health risk assessment for the Site are summarized in Table 6. In Table 6, “Low,” “Moderate,” and “High” are qualitative indicators as to whether the source of uncertainty will likely have a small, medium, or large effect on the risk calculations, respectively. Additional discussion on the uncertainties associated with the health risk assessment is provided below. 
The health risk assessment for the Site was based on the sampling results obtained from investigations conducted in 2008. Errors in sampling results can arise from the field sampling, laboratory analyses, and data analyses. Errors in laboratory analysis procedures are possible, although the impacts of these sorts of errors on the risk estimates are likely to be low. The environmental sampling at the Site is one source of uncertainty in the evaluation. However, the number of sampling locations and events is large and widespread, and sampling was performed using approved procedures; therefore, the sampling and analysis data is sufficient to characterize the impacts and the associated potential risks.

Because of the surface soil removal for certain chemicals, the new surface layer of the Site could have different chemical concentrations than those that were measured prior to soil removal. Because only the trigger analytes were re-analyzed for in the post-scrape samples, the original measured surface soil data at the Site for all other chemicals was retained for further evaluation. However, it is reasonable to assume that the concentrations are now lower for some chemicals (e.g., metals), because of the removal of some soil.
The selection of exposure pathways is a process, often based on best professional judgement, which attempts to identify the most probable potentially harmful exposure scenarios. In a risk assessment it is possible that risks are not calculated for all of the exposure pathways that may occur, possibly causing some underestimation of risk. In this assessment, risks were estimated for outdoor worker receptors. Risks for the most likely routes of exposure to these receptors were estimated. Specifically, risks to construction workers were estimated for soil ingestion, skin contact with soil, and inhalation of outdoor air (including dust generation); while risks to maintenance workers were estimated for soil ingestion, skin contact with soil, and inhalation of outdoor air. Although it is possible that other exposure routes could exist, these exposures are expected to be lower than the risks associated with the pathways considered.

In this health risk assessment, with the exception of arsenic and dioxins/furans, absorption of ingested and inhaled COPCs is conservatively assumed to be 100 percent. For arsenic, consistent with the the BRC Closure Plan (BRC, ERM, and DBSA 2007) and scientific literature recommendations on arsenic bioavailability (Roberts et al. 2001; Ruby et al. 1999; USEPA 2001b), an arsenic oral bioavailability of 30 percent was used. The actual oral bioavailability of arsenic (as well as other metals at the Site, for which an oral bioavailability of 100 percent was used) is likely to be lower than this value. For dioxins/furans, an oral bioavailabity of 30 percent was used. This is consistent with the value used in the development of the ATSDR action level of 1 ppb (based on a study by Kimbrough et al. [1984]) and scientific literature recommendations (for example, in Ruby et al. (2002) the bioaccessibility of dioxins/furans in soil ranged from 19 to 34 percent [averaged across the 17 2,3,7,8-substituted dioxin/furan congeners], with an average of 25 percent).
Toxicity criteria have not been established for many of the chemicals detected at the Site. These chemicals were not quantitative evaluated in the health risk assessment. Because of the inconclusive nature of tentatively identified compounds (TICs) as potentially site-related chemicals, non-cancer surrogate toxicity criteria were not applied. Non-cancer surrogate toxicity criteria were not applied to the inorganic chemicals because of the complexity of ion and metal toxicity. A quantitative estimation of risk was not conducted for these COPCs. Thus, the risks presented in this assessment could be underestimated as a result.

Consistent with the the BRC Closure Plan (BRC, ERM, and DBSA 2007), if one carcinogenic PAH is considered a COPC then all seven carcinogenic PAHs are considered COPCs, regardless of whether or not they are detected at the Site. Only chrysene was initially considered a COPC as it was detected in three out of 59 samples (5.1 percent). Only three of the seven carcinogenic PAHs were detected at the Site; however, all were considered COPCs and evaluated in the health risk assessment.

The USEPA has not derived toxicity criteria to evaluate the potential non-cancer health hazards associated with exposure to the carcinogenic PAH COPCs. For the human health risk assessment, a toxicological surrogate (i.e., pyrene) was used to quantify the potential non-carcinogenic effects of the carcinogenic PAHs. This surrogate was selected from a list of six PAHs for which non-cancer oral toxicity criteria have been assigned by the USEPA based on a careful consideration of their relevant toxicity data, target organ(s), dose-response information, and structure-activity relationships. From the available oral non-cancer toxicity data reported by the USEPA, the most sensitive target organs are the liver, kidney, and blood (hematological effects) (IRIS, USEPA 2008b). For the carcinogenic PAHs, the non-cancer target organs were found to be the same and the reported toxicological thresholds for these effects are generally in the range for those reported for the non-cancer PAHs (ATSDR 1995). Although naphthalene (2-ring structure) has the most stringent oral non-cancer toxicity criterion (0.02 mg/kg day), pyrene (4-ring structure; oral RfD of 0.03 mg/kg-day) was selected to be the best surrogate due to (1) non-cancer toxicity endpoints are more consistent with those for carcinogenic PAHs and (2) the greater number of rings in the pyrene chemical structure.
No sub-chronic toxicity criteria are available for manganese in IRIS or HEAST. However, the chronic inhalation reference concentration (RfC) for manganese listed in IRIS includes an uncertainty factor of “…10 for database limitations reflecting both the less-than-chronic periods of exposure and the lack of developmental data, as well as potential but unquantified differences in the toxicity of different forms of Mn.” Because construction worker exposures are considered sub-chronic, the chronic RfD for manganese was adjusted by a factor of 10 to account for sub-chronic exposures. There are multiple toxicity criteria listed in IRIS and HEAST for vanadium and compounds. The oral RfD listed for vanadium in the USEPA Region 6 MSSLs table, which cites IRIS as the source, was used in this health risk assessment.
Uncertainties from different sources are compounded in the health risk assessment. For example, if a person’s daily intake rate for a chemical is compared to an RfD to determine potential health risks, the uncertainties in the concentration measurements, exposure assumptions, and toxicities will all be expressed in the result. Because the exposure assumptions and toxicity criteria are considered conservative, the risk estimates calculated in this health risk assessment are likely to overestimate rather than underestimate potential risks. 
Health Risk Assessment Results

This health risk assessment has evaluated potential risks to human health associated with chemicals detected in soil at the Utility Corridor Sub-Area located within the BMI Common Areas in Clark County, Nevada. The calculation of chemical theoretical upper-bound ILCRs and non-cancer health effects are presented in Attachment E. Asbestos risk calculations are also presented in Attachment E. All calculation spreadsheets for this health risk assessment are included in Attachment E. 

The risk estimates are based on reasonable maximum exposure scenarios, which results in estimates of the potential reasonable maximum, or high-end, risks associated with the Site. The calculated theoretical upper-bound ILCRs and HIs are presented in Tables 7 and 8. Asbestos estimated deaths from lung cancer are presented in Table 9.
The total cumulative non-cancer HIs for future construction worker and maintenance worker receptors were 0.9 and 0.2, respectively. These total cumulative non-cancer HIs are below the target HI of 1.0. The total cumulative non-cancer HI for construction workers is predominantly due to hazards associated with inhalation of manganese in estimated dust generated during construction activities. It should be noted that the Clark County annual arithmetic mean ambient air quality standard for particular matter (PM10) is 50 µg/m3. If dust mitigation/suppression is conducted to achieve this level, the total cumulative non-cancer HI for construction workers decreases to 0.3.
The theoretical upper-bound ILCRs for future construction worker and maintenance worker receptors at the Site are 2 ( 10‑6 and 4 ( 10‑6, respectively. Although the ILCRs are above the risk goal of 1 ( 10‑6, the risks are primarily driven by dioxins/furans. The 95 percent UCL concentration for dioxins/furans used in the health risk assessment of 221 ppt resulted in a total dioxins/furans ILCR of 3 ( 10‑6 for future maintenance workers. This 95 percent UCL concentration is below the ATSDR action level of 1,000 ppt. The ATSDR action level is equivalent to an ILCR of 1 ( 10‑5. The theoretical upper-bound ILCR for future maintenance workers decreases to 1 ( 10‑6 without including dioxins/furans. If dust mitigation/suppression is conducted to achieve the Clark County annual arithmetic mean ambient air quality standard for PM10, the theoretical upper-bound ILCR for future construction workers decreases to 8 ( 10‑7.
The estimated risks for death from lung cancer for asbestos exposures to worker receptors were below 1 ( 10‑6. For construction workers, the best estimate and upper bound concentrations of asbestos range from 6 ( 10‑8 to 7 ( 10‑8 for chrysotile fibers, and from zero to 3 ( 10‑7 for amphibole fibers. For maintenance workers, the best estimate and upper bound concentrations of asbestos were 2 ( 10‑9 for chrysotile fibers, and from zero to 1 ( 10‑8 for amphibole fibers. It should be noted that the reasonable maximum risk estimates are based on an observed count of zero long amphibole structures. No amphibole structures have been detected at the Site. The upper bound estimated risk for death from lung cancer is associated with the UCL of the Poisson distribution which assumes the mean amphibole concentration is equal to three long amphibole structures per cubic centimeter. However, the high-end risk estimate for deaths from lung cancer of 1 ( 10‑5 is a conservative value for the following reasons:

· It is based on a 95 percent UCL of the Poisson distribution of three long amphibole structures although no long amphibole structures have been detected at the Site; and

· The values from Tables 8-2 of USEPA (2003b) are recommended only for constant lifetime exposures, not short term exposures such as construction activities.
Thus, the results of the health risk assessment indicate that exposures to chemicals in soil at the Site should not result in adverse health effects to all future on-site receptors.

Data Adequacy
Sample size calculations were conducted for eight analytes (chrysotile asbestos, 2,3,7,8-TCDD, hexachlorobenzene, beta-BHC, arsenic, hexavalent chromium, manganese, and vanadium) for the Site. The formula used here for calculation of sample size is based on a non-parametric test (the Wilcoxon signed rank test), and on simulation studies performed by Pacific Northwest National Laboratories that formed the basis for an approximate formula that is based on the normal distribution. Essentially, the formula is the one that would be used if a normal-based test were being performed, but an adjustment is made (multiply by 1.16) to account for the intent to perform a non-parametric test. The formula is as follows:
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where,


n
=
number of samples


s
=
estimated standard deviation of concentrations/fibers


Δ

width of the gray region (the difference between the threshold value in stated in the hypothesis and the point at which β is specified)


α

significance level or Type I error tolerance


β (µ)

Type II error tolerance; and


z

quantile from the standard normal distribution

For each chemical, inputs for the calculations include an estimate of the variance from the measured data, a desired significance level, and desired power of the test that must be specified at a concentration of interest (which determines the tolerable difference from the threshold value). The calculations provided here cover a range of Type I and Type II error tolerances, and the point at which the Type II error is specified. Results are presented in Table 10. In Table 10, various combinations of input values are used, including: values of ( of 5%, 10% and 15%; values of ( of 15%, 20%, and 25%; and a gray region of width 10%, 20% and 30% of the threshold level. It is clear from Table 10 that the number of samples collected is adequate for the Site.
Summary

Based on the results of the 2008 investigation, and this data review and health risk assessment, exposures to residual levels chemicals in soil at the Site should not result in adverse health effects to all future on-site receptors. In summary, BRC concludes that an NFAD for the Site is warranted.
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�	Note that additional soil removal is planned for sample SAE-8 due to chrysotile asbestos; however, this will occur at a later date due to access constraints. 


� 	Note that for locations that were scraped and post-scrape data were collected for arsenic, laboratory analyses are pending for all other metals via Method 6020. Once this additional data is received it will replace the data currently being used in this Technical Memorandum. It is likely that concentrations of the other metals will follow a pattern consistent with arsenic, that is, the new data should be less than that measured in the pre-scrape data.
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