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	To:
	Brian Rakvica (NDEP) 
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cc:
	Ranajit Sahu (BRC)
Jim Najima (NDEP)
Mark Jones (ERM)

	Date:
	December 29, 2009

	Subject:
	Technical Memorandum – Development of Recreational Risk-Based Screening Levels (RBSLs), BMI Common Areas (Eastside) Site, Clark County, Nevada


Introduction
The Nevada Division of Environmental Protection (NDEP) has developed Basic Comparison Levels (BCLs) that address common human receptors and exposure pathways (NDEP 2009). These receptors include residential, and indoor and outdoor workers. Basic Remediation Company (BRC) has used these BCLs at the BMI Common Areas (Eastside) Site for the comparison of historical Site data in the development of Sampling and Analysis Plans (SAPs) for the project. However, one of the questions asked in the BCL User’s Guide is whether there is potential for land use other than those covered by the BCLs. The objective of this technical memorandum is to address this issue. That is, there are portions of the project that will not be developed for unrestricted residential uses. Rather these areas will be developed for recreational purposes only (specifically, the Western Hook-Open Space sub-area of the project). It should be noted that this land use will also include exposures to outdoor and construction workers. As noted below, risk assessment will be conducted at all areas of the Site, which will include these receptors. 
This revision of the technical memorandum, Revision 1, incorporates comments received from the NDEP, dated August 8, 2009, on Revision 0 of the technical memorandum, dated May 20, 2009. The NDEP comments and BRC’s response to these comments are included in Attachment A. Also included in Attachment A is a redline/strikeout version of the text showing the revisions from the May 20, 2009 version of the technical memorandum. An electronic version of the entire technical memorandum, as well as original format files (MS Word and MS Excel) of all text, tables and calculations are included in Attachment B.
Therefore, this technical memorandum presents risk-based screening levels (RBSLs) for soil developed for a recreational exposure scenario; an exposure scenario not covered by NDEP’s BCLs. It is important to note that these recreational RBSLs were not developed to represent action levels or final cleanup levels but rather as a simple screening tool to assist in site characterization activities only. The use of these recreational RBSLs are limited to the Western Hook-Open Space sub-area SAP to (1) provide context for historical data collected at this sub-area; and (2) evaluate new data collected as per this SAP, which will be used for internal BRC purposes only to determine if additional remediation is warranted prior to preparation of the closure report for this sub-area. Ultimately, risk assessments will be conducted at all areas of the Site, which will be used for decision-making purposes. 
Similar to NDEP’s BCLs, the recreational RBSLs contain current human health toxicity values that are combined with standard exposure factors to estimate contaminant concentrations in environmental soil that are considered to be protective of human exposures (including sensitive sub-groups) over a lifetime for typical recreational activities. The methodology, input factors, and equations used in the development of these recreational RBSLs are from the human health risk assessment methodology chapter of the BRC Closure Plan (BRC et al. 2007; Chapter 9 updated December 2009). For each of the chemicals on BRC’s site-related chemical (SRC) list, recreational RBSLs are back-calculated from target risk levels. Target risk levels for soil exposures are set at a cumulative one-in-a-million (1×10‑6) incremental lifetime cancer risk for the cancer endpoint and a hazard quotient (HQ) of one (1) for the non-cancer endpoint.

Conceptual Site Model
The conceptual site model (CSM) is a tool used in risk assessment 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. 
Under the current, prospective redevelopment plan, the Site will be used for a variety of purposes, including residential housing, parks, schools, places of worship, commercial and/or light industrial development, and streets. Many potential human receptors are possible at the Site in the period during and after redevelopment. Because the background general water quality (i.e., high salt concentrations) of the groundwater beneath the Site and in the surrounding area is poor and because BRC will place institutional controls in the form of a deed restriction to prevent future users from utilizing groundwater beneath the Site, the use of private water wells by residents, businesses, or parks for drinking water, irrigation water, or other non-potable uses (e.g., washing cars, filling swimming pools) will not occur in the post-redevelopment phase. Therefore, exposure pathways relating to this type of use are incomplete and are not included in the development of recreational RBSLs. That is, recreational RBSLs have been developed for soil exposures only.
The following presents the primary exposure pathways to soil for potential recreational receptors at the Site. 
· incidental soil ingestion
· external exposure from soil (radionuclides only)
· dermal contact with soil

· outdoor inhalation of dust
Exposure Parameters and Equations
As discussed above, all input factors and equations used in the development of these recreational RBSLs are from the human health risk assessment methodology chapter of the BRC Closure Plan (BRC et al. 2007; Chapter 9 updated December 2009). 
U.S. Environmental Protection Agency (USEPA) standard exposure parameters are not generally available for recreational/trespasser exposure scenarios. The parameters listed in the table below have been developed jointly between BRC and NDEP in discussion during the development of the BRC Closure Plan. The parameters are based on, for example, USEPA (1989) statements such as “Consider population characteristics that might influence variable values. Exposure duration (ED) may be less for workers and recreational users.” (regarding incidental ingestion exposures), and “Exposure duration (ED) and exposure frequency (EF) may be lower for workers and recreational users.” (regarding dermal contact exposures). For this project, the recreational user/trespasser exposures are based on children from 7 to 12 years of age. Again, these parameters were developed in consultation with NDEP during the BRC Closure Plan development process. Although other recreational user/trespasser exposure parameters could certainly be used, these values are considered applicable and appropriate for the Site. The exposure factors used are:

	Parameter
	Abbrev.
	Value
	Units
	Reference

	Dermal absorption fraction
	ABS
	---chemical-specific---
	NDEP 2009

	Dermal adherence factor
	AF
	0.2
	mg/cm2
	USEPA 2002

	Averaging time, carcinogenic
	ATc
	70
	years
	USEPA 2002

	Averaging time, non-carcinogenic
	ATnc
	6
	years
	Based on EDt

	Body weight
	BWr
	32.9
	kg
	(1)

	Exposure time
	ET
	4
	hrs/day
	Professional judgment

	Exposure frequency
	EFr
	50
	days/year
	Professional judgment

	Exposure duration
	EDr
	6
	years
	USEPA 1997

	Available skin surface area
	SAr
	3,200
	cm2/day
	USEPA 2004

	Soil ingestion rate
	IRs,r
	100
	mg/day
	USEPA 1997

	Radionuclide-specific factors 

	Inhalation rate
	IRa,r
	0.833
	m3/hour
	USEPA 2002

	Area correction factor
	ACF
	1.0
	unitless
	USEPA 2000

	(1) Based on children aged 7 to 12 years. Average body weight from USEPA (1997).


The equations for calculating the carcinogenic risk or non-cancer hazard by exposure pathway, as well as the combined risk from all exposures for the scenario, are provided below and electronically in Attachment B. Note that inhalation exposures of non-radionuclides were calculated based on USEPA’s recent Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment) (USEPA 2009).
Ingestion of Carcinogenic Contaminants:
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where:


TR
=
Target risk of 10-6

AT
=
Averaging time (years)


BW
=
Body weight (kg)


CSF
=
Oral cancer slope factor (mg/kg-day)-1 or (risk/pCi for radionuclides)

CF
=
Conversion factor (1,000 mg/g)

EF
=
Exposure frequency (days/year)


ED
=
Exposure duration (years)


IRs
=
Soil ingestion rate (mg/day)

Ingestion of Non-Carcinogenic Contaminants:
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where: 

THQ
=
Target hazard quotient of 1


BW
=
Body weight (kg)


AT
=
Averaging time (years)


RfD
=
Oral reference dose (mg/kg-day)


EF
=
Exposure frequency (days/year)


ED
=
Exposure duration (years)


IRs
=
Soil ingestion rate (mg/day)

Inhalation of Carcinogenic Contaminants:
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where: 

TR
=
Target risk of 10-6

AT
=
Averaging time (years)


IUR
=
Inhalation unit risk (μg/m3)-1 (non-radionuclides)

CSF
=
Cancer slope factor for inhalation exposure (risk/pCi) (radionuclides)

ET
=
Exposure time (hours/day)


EF
=
Exposure frequency (days/year)


ED
=
Exposure duration (years)


CF
=
Conversion factor (1,000 μg/mg) or (0.001 kg/g for radionuclides)

IRa
=
Inhalation rate (m3/hour)


PEF
=
Particulate emission factor used for dusts (1.2×109 m3/kg)


VF
=
Volatilization factor used for volatile organic chemicals (VOCs; m3/kg)

Inhalation of Non-Carcinogenic Contaminants:
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where: 

THQ
=
Target hazard quotient of 1


AT
=
Averaging time (years)


ET
=
Exposure time (hours/day)


EF
=
Exposure frequency (days/year)


ED
=
Exposure duration (years)


RfC
=
Inhalation reference concentration (mg/m3)


PEF
=
Particulate emission factor used for dusts (1.2×109 m3/kg)


VF
=
Volatilization factor used for volatile organic chemicals (VOCs; m3/kg)
Skin Contact with Carcinogenic Contaminants (Non-Radionuclides):
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where: 

TR
=
Target risk of 10-6

BW
=
Body weight (kg)


AT
=
Averaging time (years)


EF
=
Exposure frequency (days/year)


ED
=
Exposure duration (years)


CSF
=
Oral cancer slope factor (mg/kg-day)-1


SA
=
Surface area exposed (cm2/day)


AF
=
Adherence factor (mg/cm2)


ABS
=
Skin absorption (chemical specific)

Skin Contact with Non-Carcinogenic Contaminants:
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where: 


THQ
=
Target hazard quotient of 1


BW
=
Body weight (kg)


AT
=
Averaging time (years)


EF
=
Exposure frequency (days/year)


ED
=
Exposure duration (years)


RfD
=
Oral reference dose (mg/kg-day)


SA
=
Surface area exposed (cm2/day)


AF
=
Adherence factor (mg/cm2)


ABS
=
Skin absorption (chemical-specific) 

External Irradiation (Radionuclides Only):
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where: 

TR
=
Target risk of 10-6

CSF
=
Cancer slope factor for external exposure (risk /yr per pCi/g)

CF
=
Conversion factor (0.000114 yr/hr)

ET
=
Exposure time (hours/day)


EF
=
Exposure frequency (days/year)


ED
=
Exposure duration (years)


ACF
=
Area correction factor
Recreational Soil RBSLs for Combined Exposure Pathways:
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Volatilization factors, particulate emission factors, dermal absorption factors and soil saturation limits were obtained from NDEP’s BCL table. When the RBSL for a VOC exceeds its soil saturation limit (as listed in NDEP’s BCL tables), the recreational RBSL is based on the soil saturation limit. 
Toxicity Values

Toxicity values were obtained from NDEP’s BCL tables (NDEP 2009).
Special Considerations
There are several analytes for which there are special circumstances that were considered in the develop​ment of recreational RBSLs. These are as followings:

· Asbestos – Recreational RBSLs have not been developed for asbestos.

· Lead – The residential BCL for lead of 400 mg/kg is used as the recreational RBSL.

· Dioxins/Furans – The Agency for Toxic Substances and Disease Registry (ATSDR) screening value of 50 parts per trillion (ppt), and NDEP residential soil BCL, is used as the recreational RBSL for the dioxins/furans toxic equivalency (TEQ).
· Total Petroleum Hydrocarbons (TPH) – Recreational RBSLs have not been developed for TPH.

· Radionuclides - Recreational RBSLs have only been developed for the eight radionuclides on the current project analyte list (radium-226, radium-228, thorium-228, thorium-230, thorium-232, uranium-233/234, uranium-235/236, and uranium-238).
Summary

In summary, this technical memorandum presents RBSLs developed for a recreational exposure scenario; an exposure scenario not covered by NDEP’s BCLs. These recreational RBSLs were developed as a simple screening tool to assist in historical site characterization activities only. Table 1 presents the recreational RBSLs that have been development for the project. Attachment B is an electronic version of the recreational RBSL calculation spreadsheet.
Attachments:
Table 1 – Preliminary Recreational Risk-Based Screening Levels (RBSLs)

Attachment A – NDEP Comments and BRC’s Response to Comments
Attachment B – Recreational RBSL Calculation Spreadsheets
I hereby certify that I am responsible for the services described in this document and for the preparation of this document. The services described in this document have been provided in a manner consistent with the current standards of the profession and to the best of my knowledge comply with all applicable federal, state and local statutes, regulations and ordinances. I hereby certify that all laboratory analytical data was generated by a laboratory certified by the NDEP for each constituent and media presented herein.
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                                                                                     December 29, 2009
Dr. Ranajit Sahu, C.E.M. (No. EM-1699, Exp. 10/07/2011)          Date

BRC Project Manager
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