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This basis statement provides the technical and policy decisions that were used to derive the Maine Remedial Action Guidelines (RAGs).  The purpose of RAGs is to identify, for individual hazardous substances, levels that prevent adverse human health effects from occurring as a result of long-term exposures.  A quantitative health risk assessment approach based on Maine's 2010 Guidance Manual for Human Health Risk Assessments at Hazardous Substance Sites (Risk Assessment Manual) was utilized.  Conservative default exposure factors were selected to ensure protectiveness.  Exposure to soil was evaluated for residential land use and non-residential scenarios including outdoor commercial, excavation/construction, and recreational/park use. RAGs based on the transfer of contaminants from soil to groundwater, and subsequent use of groundwater, were also derived.   Appropriate use of soil RAGs is discussed in the Maine Department of Environmental Protection’s “Maine Remedial Action Guidelines for Sites Contaminated with Hazardous Substances (RAGs), December 7, 2011”.

The chemicals evaluated were selected based on their frequency of detection at known contaminated sites in Maine and the availability of reliable toxicity information.  For each chemical, DEP calculated the level (Exposure Point Concentration) which represents the acceptable level (Hazard Quotient of 1 for noncarcinogens, and Incremental Lifetime Cancer Risk (ILCR) of 1 in 100,000 for carcinogens) for the individual chemical.  At sites contaminated with multiple chemicals, theoretically, remediation meeting only the guidelines for the individual compounds may result in total site risk above acceptable levels.  Therefore, Maine has also developed calculation workbooks to established procedures to review post removal concentrations of contaminants to assess whether the total site risk, excluding background, exceeds an ILCR of 10-5 or a Hazard Index of 1 (for compounds that act on the same target organ). As stated in the Risk Assessment Manual, the total risk from the site must be acceptable for DEP to consider the site "clean" for closure.

[bookmark: _Toc314052530]Major Changes from the January, 2010 version of the RAGs
The RAGs are being updated at this time because during the 2009-2010 revisions to the RAGs, DEP committed to the stakeholders to periodic updates to keep abreast of new information and techniques in the fields of remediation and toxicology.  These notes discuss the major changes since January of 2010 when the last version of the RAGs was finalized.

I. The revised version of the RAGs, in addition to having screening tables for soil, also includes RAGs for indoor air and groundwater.  This was done to  clarify what clean-up targets the DEP is seeking in these media, and how the groundwater and indoor air RAGs should be used at remediation sites.
II. Updates on Maine background concentrations
A. DEP commissioned a study of typical background concentrations of Polycyclic Aromatic Hydrocarbons (PAHs) that are found in Maine soils.  Based on this study, DEP determined the 90% background concentrations found in urban and rural settings, as defined by the Department of Transportation urban compact zones.  These typical background concentrations were added to the Table 1 RAGs for soil.
B. The DEP obtained data from a new US Geological Survey study of background levels of metals in rural soil, which was not previously available.  These updated values were added to the Table 1 RAGs for soil
III. Simplification of mixtures issue
A. A major change to the guideline is the elimination of 2 out of 3 soil tables and elimination of the process for calculating risk from multiple contaminants when setting clean-up guidelines.  The mixtures process added more complexity to the process while adding little added health protection.  
B. In the revised documents, RAGs are set at acceptable risk for single contaminants.  They are to be used as screening tables to (1) determine when to take action at a site and (2) to establish target remediation goals.  It is anticipated that because contaminants are usually co-located at sites, and once removed they will no longer generate daughter products, using RAGs based on single contaminants will be protective of additive effects from multiple contaminants.
C. This approach is also consistent with the application of Maximum Contaminat Levels (MCLs) in the State’s drinking water program, application of Maximum Exposure Guidelines (MEGs) by DHHS for private wells, and application of the Ambient Air Toxics by Maine DEP.
D. To ensure protectiveness, following remediation, risk calculators are used to determine when to close-out a site.  This is consistent with the approach used by USEPA in the Superfund program.

IV. New Toxicological Information.  New and updated toxicological information since the last publication of the RAGs was incorporated into the latest version.  Also, improvements were made to some risk modeling methods.  These changes are outlined below, and a comparison of the 2010 soil RAGs to the 2013 soil RAGs is available in the excel workbook “Compare  Soil RAGs 2010 to 2013”.  The  changes that modified the RAGs,  presented in this Technical Basis Statement included:
A. The Volatilization Factors (VFs) used to estimate exposure for all volatile compounds were revised to reflect biodegradation, as discussed in detail below.
B. The exposure frequency for construction worker inhalation pathway was changed from 125 days/year to 250 days/year
C. Cancer risk calculations for the residential and park user scenarios, were revised to incorporate age-dependent adjustment factors for children for those compounds identified by EPA as having a mutagenic mode of action: 1,2-dibromo-3-chloropropane, benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, chromium (+6), chrysene, dibenz(a,h)anthracene, indeno(1,2,3-cd)pyrene, methylene chloride, trichloroethene and vinyl chloride
D. RAGs for thallium were removed due to a lack of toxicity values
E. The toxicity values for the following compounds were updated (either based on an update published in EPA’s IRIS database or a revised ME-CDC assessment):
1. Cyanide (IRIS update)
2. Carbon tetrachloride (IRIS update)
3. 1,1,2,2-Tetrachloroethane (IRIS update)
4. 1,4-Dioxane (IRIS update)
5. Pentachlorophenol (IRIS update)
6. Trans-1,2-dichloroethene (IRIS update)
7. Cis-1,2-dichloroethene (IRIS update)
8. Selenium (ME-CDC assessment)
9. 1,3-Dichlorobenzene (ME-CDC assessment)
10. 1,2,4-Trichlorobenzene (PPRTV)
11. •2,3,7,8-Tetrachlorodibenzo-p-dioxin (IRIS update)
12. •Tetrachloroethylene (Perchloroethylene (IRIS update)
13. •Dichloromethane (Methylene Chloride) (IRIS update)
14. •Trichloroethylene (IRIS update)
V. Further clarification of how to determine Exposure Point Concentrations
VI. Further clarification on when DEP will issue Technical Impracticability Waivers

[bookmark: _Toc248152847][bookmark: _Toc293493742][bookmark: _Toc314052531]GENERAL METHODS
The general methods used to develop the RAGs are included in this section.  The underlying toxicological data that was used in the below calculations, and the results for each of the scenarios, are contained in the tables for this Technical Basis and Background for the RAGs, which are available in the excel workbook "Soil_RAGs_October_2011"  

[bookmark: _Toc248152848][bookmark: _Toc293493743][bookmark: _Toc314052532]DOSE RESPONSE ASSESSMENT

Data sources for chronic and subchronic reference doses (RfDs) and reference concentrations (RfCs) and carcinogenic slope factors (SFs) and unit risks (URs) were developed using the hierarchy described in the Risk Assessment Manual.  The toxicity values and their sources are provided on Table 1 in the excel workbook "Soil_RAGs_October_2011”.  Remedial action guidelines for lead have been developed using biokinetic modeling developed by EPA.  The methodology used to develop the soil lead guidelines is discussed in section  7 on page 18.  

[bookmark: _Toc248152849][bookmark: _Toc293493744][bookmark: _Toc314052533]EXPOSURE ASSESSMENT

Figure 1 of the Risk Assessment Manual lists the potential exposure pathways for the residential and non-residential scenarios.  In formulating the direct contact soil guidelines, DEP considered exposures to noncarcinogens and potential carcinogens for incidental ingestion of contaminated soil, inhalation of fugitive dusts and volatile compounds released from contaminated soil into ambient air, and dermal contact with contaminated soil.  The guidelines were derived using conservative default exposure factors because all potential pathways were not considered, or in the case of dermal contact, cannot be quantified for some chemicals.  It is DEP's expectation that in order to employ less conservative exposure assumptions, the site must be adequately characterized and a full risk assessment conducted using the procedures in the Risk Assessment Manual 2010.

In general, soil guidelines for the residential scenario are the lowest values with the guidelines progressing in an increasing manner for recreational land use, commercial land use, and finally for construction workers.  However, there are exceptions to this  rule for some compounds with a high degree of toxicity by the inhalation route following short-term exposure.  For these compounds, soil guidelines for the construction worker scenario may be lower than one or more of the other scenarios evaluated.  

The guidelines do not include an evaluation of volatile compounds released from soil and subsequent inhalation of impacted air in an occupied building.  Should volatile compounds be present in soil either beneath or in close proximity to an existing building, the indoor air pathway is most accurately evaluated through the collection of soil gas and/or indoor air data.  Maine has developed Vapor Intrusion Guidance that should be followed to evaluate this potential exposure pathway, which is referenced in the RAGs.  Impacts to future buildings should be considered as a part of redevelopment options for the site (e.g., the use of passive/active venting and/or subslab vapor barriers).

The following text describes the general methodology used to develop the soil remedial action guidelines for the oral, dermal and inhalation routes of exposure.  Because the soil guidelines are based on cumulative exposures across all exposure pathways, the soil guidelines are derived from the oral, dermal and inhalation exposure point concentrations (EPCs) according to the following equations for noncarcinogenic and carcinogenic effects:

EPCsoil	 = 				       1   				
		     	1              +             1	            +     	  1   	  
		         EPCoral	            EPCdermal	        		EPCinhalation

The lower of the noncarcinogenic and carcinogenic EPCs is selected as the risk-based soil remedial action guideline for each chemical.

Because oral and dermal exposures are expressed as a dose in units of milligrams of chemical per day adjusted for the body weight of the exposed person (mg chemical/kg BW · day),  the Average Daily Dose (ADD) over the time period of exposure is estimated as follows:

ADD	=	EPC * CR * ET * EF * ED
        BW * AP * DPY

Where:
ADD  =	Average Daily Dose, in these guidelines always expressed as units of mg chemical/kg BW · day
EPC   =	Exposure Point Concentration, in these guidelines always expressed as mg chemical/kg soil
CR     =	Contact Rate, for example, 200 mg soil/day ingested for young children
ET      =	Exposure Time, appropriate only when the contact rate is not a daily rate
EF      =	Exposure Frequency; days per year 
BW    =	Body Weight, in the guidelines always expressed as kg BW
ED     =	Exposure Duration; years
AP     =	Averaging Period; years
DPY  =	365 days per year

The units for ADD are mg chemical/kg BW · day.  For noncarcinogenic effects, the ADD represents either a chronic or subchronic exposure period.  Subchronic exposures are applicable for excavation/construction workers; all other scenarios are evaluated using a chronic exposure period.  For noncarcinogenic effects, the Exposure Duration is set equal to the Averaging Period.  For carcinogenic effects, the ADD represents exposure over a lifetime and the Averaging Period is set equal to the lifetime value of 70 years.  For the resident and park user, the ADD must be determined for each receptor age group (e.g., young child and adult) separately.

The Hazard Quotient (HQ) for noncarcinogenic effects is the ADD divided by the reference dose:


HQ	=	ADD		
		RfD

If a chronic Average Daily Dose is calculated, a chronic reference dose is used to calculate the HQ.  Likewise, a subchronic reference dose is used to calculate the HQ for subchronic Average Daily Doses.  By substitution, the HQ can also be expressed as follows:

HQ 	=	EPC * CR * ET * EF * ED 
		   BW * AP * DPY * RfD


The maximum acceptable HQ value is 1.  Therefore, by inserting the 1 for the HQ and rearranging the formula, the maximum acceptable EPC for the pathway (e.g., the oral pathway) can be obtained, as follows:

EPCoral 	=   	1 * RfD * BW * AP * DPY
		        CR * ET * EF * ED

It should be noted that unit conversion factors are often necessary.  This will be made explicit in the sections that follow.

As previously stated, to evaluate risk of exposure to carcinogens, the ADD equation is used with the Averaging Period set equal to a lifetime value of 70 years.  When using an Averaging Period of 70 years, the ADD is termed the ADDlife.  For evaluating cancer risk for receptors with more than one applicable life stage, the Average Daily Dose for each of the life stages defined in the Risk Assessment Manual (e.g., young child and adult) must be estimated in order to calculate the ADDlife.  As an example, for the residential scenario, the ADDlife would be calculated as follows:

ADDlife	=	 ADDyc + ADDa

Where:

ADDlife	=	Average Daily Dose over a lifetime (mg chemical/kg BW · day)
ADDyc		=	Average Daily Dose as a Young Child (mg chemical /kg BW · day)
ADDa		=	Average Daily Dose as an Adult (mg chemical /kg BW · day)

The Incremental Lifetime Cancer Risk (ILCR) is obtained as follows:

ILCR	=	ADDlife * SF

Where:

ILCR		=	Incremental Lifetime Cancer Risk (dimensionless, probability)
ADDlife		=	Average Daily Dose over a lifetime (mg chemical /kg BW · day)
SF		=	Slope Factor (mg chemical /kg BW · day)-1

By substitution, the ILCR can be expressed as follows:

ILCR	=	(ADDyc + ADDa) * SF

The maximum acceptable ILCR value is 10-5.  Therefore, by inserting 10-5 for the ILCR and rearranging the formula, the maximum acceptable EPC for the pathway (e.g., the oral pathway) can be obtained, as follows:

EPCoral	=				10-5  *  AP					
		SF * [(ED * (CRyc * CF / BWyc) * EF)yc+ (ED * (CRa* CF / BWa) * EF)a]

Where:		CF = Conversion Factor, for example, 10-6 kg/mg

This same equation is also used for the park user scenario where two age groups are evaluated.  For receptors with only one age group (outdoor commercial and excavation/construction workers), only the adult portion of the equation is used.  Though similar equations are used for the dermal exposure pathway, the toxicity values selected for use are adjusted for applicability to the dermal route of exposure.

As recommended by EPA[footnoteRef:1], an early lifetime adjustment has been incorporated into the cancer risk calculation for those chemicals with mutagenic modes of action for the resident and park user where exposures during childhood, a period of increased sensitivity to mutagens, are assumed to occur.  These chemicals include the carcinogenic polycyclic aromatic hydrocarbons (cPAHs), methylene chloride, trichloroethelene  and vinyl chloride.  For the cPAHs, a 10-fold age-dependent adjustment factor (ADAF) was factored into the calculation for ages 1-<2, and a 3-fold ADAF was used for ages 2-<16.  For the other compounds,  the early-life exposure was not pro-rated over the 70-year life span, but added to the later-life exposure, which was pro-rated over the 70-year Averaging Period.  The adjustments for the cPAHs were applied to both the oral and dermal routes of exposure, while the adjustment for the other compounds were only applied to the oral exposure route since volatile compounds are not assessed for dermal exposures.    [1:  U.S. EPA. Supplemental Guidance for Assessing Susceptibility from Early-Life Exposure to Carcinogens. U.S. Environmental Protection Agency, Washington, DC, EPA/630/R-03/003F, 2005.  http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=160003] 


The fugitive dust and volatile chemical inhalation exposure pathways are evaluated using an Average Daily Exposure (ADE) approach in which the soil concentration is modeled to estimate an airborne chemical concentration.  An ADE is in units of airborne concentration (e.g., mg/m3) and evaluated for hazard and risk through the use of inhalation toxicity values (RfCs and URs) rather than oral or dermal RfDs and SFs.  It should be noted that conversion factors for hours per day are often necessary.  This will be made explicit below.

The following sections contain illustrative calculations.   
[bookmark: _Toc248152850][bookmark: _Toc293493745][bookmark: _Toc314052534]DEFAULT EXPOSURE FACTORS AND FORMULAS

The Risk Assessment Manual contains standard default exposure assumptions applicable to Maine.  A combination of average and upper percentile exposure assumptions were selected such that overall, the assumptions are representative of a reasonable maximum (95th percentile) exposure.  Exposure assumptions used in the development of the soil RAGs are those presented in Risk Assessment Manual Table 1.

[bookmark: _Toc248152851][bookmark: _Toc293493746][bookmark: _Toc314052535]SOIL INGESTION

[bookmark: _Toc314052536]Noncarcinogenic Effects

The most sensitive residential and park user receptor for noncarcinogenic effects based on soil ingestion is the young child, from 1 to <6 years of age.  ADDchronic was determined for the residential 1 to <6 age group, using conservative default exposure factors presented in Risk Assessment Manual Table 1.  For generic cleanup guidelines, DEP considers it appropriate to use the conservative simplifying assumption that all of the soil ingested is contaminated.

The formula for ADDchronic for young child (age 1 to <6) ingestion of soil is:

ADDchronic	=	   EPCoral * IR * FC *  UC * EF * ED
			  	  BW * AP * DPY

Where:

		EPCoral	=	Exposure Point Concentration; mg chemical/kg soil
		IR	=	Soil Ingestion Rate; mg soil/day
		FC	=	Fraction Contaminated; 1.0, dimensionless
		BW	=	Body Weight; kg
		UC	=	Unit Conversion; 10-6 kg soil/mg soil
EF	=	Exposure Frequency; days per year
		ED	=	Exposure Duration; years
		AP	=	Averaging Period; years
		DPY	=	365 days per year

To estimate the chronic Hazard Quotient:

HQ = ADDchronic
	RfDchronic

To solve for the acceptable soil level, HQ = 1 was substituted along with the default exposure assumptions, and the equation rearranged to solve for the residential EPC as follows:

EPCoral =  1.7 E+05  kg BW· day  *  RfDchronic 
					       kg soil	
For non-residential exposure scenarios, DEP evaluated exposures for three populations: park users, outdoor commercial workers, and construction/excavation workers.  A chronic ADD was calculated for each scenario, except for the excavation/construction worker for which a subchronic ADD was calculated.  Again, to ensure protectiveness, conservative default exposure factors were selected as presented in Table 1 of the Risk Assessment Manual.

The following presents the equations used to calculate the soil level protective of each of the land use scenarios for incidental ingestion of noncarcinogens in soil (based on a HQ = 1).

Park Use (young child age 1 to <6):

EPCoral =  2.84 E+05  kg BW· day    *  RfDchronic 
			 kg soil		      

Outdoor Commercial:

EPCoral =  1.7 E+06  kg BW· day    *  RfDchronic 
			kg soil			    

Excavation/Construction:

EPCoral =  6.2 E+05  kg BW· day    *  RfDsubchronic 
			kg soil			     

In the excel workbook "Soil_RAGs_October_2011" , Tables 2 through 5 list guidelines based on incidental ingestion of soil contaminated by noncarcinogens for the residential, park user, outdoor commercial worker, and excavation/construction worker scenarios, respectively, based on a HQ of 1 and an ILCR of 1E-05.  
[bookmark: _Toc314052537]Carcinogenic Effects

As previously described, guidelines for chemicals based on carcinogenic effects are averaged over a 70-year lifetime.  Consistent with the noncarcinogenic evaluation, the fraction of soil ingested assumed to be contaminated was 1.0 (dimensionless) for all scenarios.  

In accordance with the Risk Assessment Manual, the residential and park use guidelines were based on the conservative assumption that the first 30 years of a resident's lifetime are spent at the site, and that the park user visits the park during the first 30 years of life.  This assumption is conservative because more soil is incidentally ingested per body weight during childhood than adulthood.  ADDchronic for resident and park users (adults and young children) were computed using exposure assumptions provided in Risk Assessment Manual Table 1.  The chronic Average Daily Doses for the two age groups (young children and adults) were then summed to generate the ADDlife, as previously described.

ADDlife = ADDyc + ADDa

Where:

	ADDlife		=   Average Daily Dose over a lifetime (mg chemical/kg · day)
ADDyc		=   Average Daily Dose as a Young Child (mg chemical /kg BW · day)
ADDa		=   Average Daily Dose as an Adult (mg chemical /kg BW · day)

and

ICLR = ADDlife   *   SF

Where:
	SF	=	Oral Slope Factor, (mg chemical/kg BW · day)-1

To solve for the soil level of carcinogens protective of residents ingesting soil, the maximum acceptable cancer risk (10-5) and the appropriate default exposure assumptions were inserted, and the equation rearranged as follows:

EPCoral		=	        14.2 (kg BW  ·  day/kg soil)	
				     SF (

This equation is applicable to compounds other than the cPAHs and vinyl chloride, which are addressed below.

For non-residential exposure scenarios, DEP evaluated exposures for three populations: park users, outdoor commercial workers, and construction/excavation workers.  Again, to ensure protectiveness, conservative default exposure factors were selected as presented in Table 1 of the Risk Assessment Manual.

The following presents the equations used to calculate the soil level protective of each of the land use scenarios for incidental ingestion of carcinogens in soil (based on an ILCR = 10-5), other than for cPAHs and vinyl chloride for the park user scenario.


Park Use:

EPCoral		=	        23.7 (kg BW  ·  day/kg soil)	
	     kg soil			     SF 

Outdoor Commercial:

EPCoral		=	        47.7 (kg BW  ·  day/kg soil)	
	     			     SF 

Excavation/Construction:

EPCoral		=	        867 (kg BW  ·  day/kg soil)	
				    SF 
For cPAHs and vinyl chloride, an early lifetime adjustment has been incorporated into the cancer risk calculation for the resident and park user because these chemicals act through a mutagenic mode of action.  The following presents the equations used to calculate the soil level protective of residential and park land use scenarios for incidental ingestion of carcinogens in soil (based on an ILCR = 10-5):

Resident (cPAHs):

EPCoral		=	        2.6 (kg BW  ·  day/kg soil)	
			  	    SF 

Resident (vinyl chloride):

EPCoral 		=	        0.667 (kg BW  ·  day/kg soil)	
				     SF 

Park Use (cPAHs):

EPCoral		=	        4.3 (kg BW  ·  day/kg soil)	
				     SF 

Park Use (vinyl chloride):

EPCoral		=	        0.68 (kg BW  ·  day/kg soil)	
				     SF 
In the excel workbook "Soil_RAGs_October_2011" , Tables 2  through 5  list guidelines based on incidental ingestion of soil contaminated by carcinogens for the residential, park user, outdoor commercial worker, and excavation/construction worker scenarios, respectively, based on a HQ of 1 and an ILCR of 1E-05.  
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The Risk Assessment Manual recommends the evaluation of fugitive dusts and volatile chemicals in outdoor air using a Particulate Emission Factor (PEF) and a Volatilization Factor (VF).  These factors represent an estimate of the relationship between soil contaminant concentrations and concentrations of these contaminants in air as a consequence of particle suspension and volatile chemical release from impacted soil.  The PEF and VF are used to model an estimated concentration of chemical in air as follows:

EPCair  =  EPCsoil   *  FC *  [1/PEF  + 1/VF ]
where:
       	EPCair		=	Exposure Point Concentration of Chemical in Air, mg chemical/m3 air
	EPCsoil		=	Exposure Point Concentration of chemical in soil, mg chemical/kg soil
	FC		=	fraction contaminated, assumed to be 1.0, dimensionless		
PEF		=	1.36 x 109 m3/kg

The PEF used is a default value recommended by the Risk Assessment Manual applicable to a 0.5-acre source size and using conservative default assumptions for the fraction of vegetative cover, mean annual wind speed, and percent soil moisture.  The VFs used are chemical-specific values modeled by DEP using EPA’s EMSOFT code, an analytical model that delivers flux rates and soil concentration over time as a function of user-specified contaminant and soil parameters.  The model allows the user to specify source thickness, the effect of clean cover soils, biodegradation, loss of source mass to groundwater, site-specific soil characteristics, a stagnant air boundary layer at ground surface, and averaging periods of as little as the first few hours (initial off-gassing) to as long as fifty years. In DEP’s modeling, it was assumed that exposure would begin one year after the spill and would continue for an averaging period consistent with the exposure scenario: six months for the Excavation or Construction Worker, twenty-five years for the Outdoor Commercial Work or Recreational User, and thirty years for the Residential User. The one-year delay reflects the fact that invasive use of a site in many cases begins years following a spill, after off gassing, leaching, and biodegradation have greatly reduced the initial high flux rate. Where exposure is known to begin immediately following the spill, the published RAGs values should not be relied upon without separately evaluating the risk due to inhalation, absent the delay. 

For its modeling, DEP chose soil characteristics consistent with those used for the leaching from soil to groundwater modeling.  DEP also made the following additional conservative assumptions:

· No cover soils (that is, a contaminant source at the surface);
· A thin stagnant air layer offering minimal resistance to diffusion;
· No loss of contaminant mass to groundwater;
· A source area one-half acre in area;
· Contaminant biodegradation half-life in soil set at the high end of the literature range;
· Henry’s Law constant kept at the 25oC reference value, rather than adjusted downward for cooler soil temperatures.

The chemical-specific VFs, calculated using the above assumptions, are provided in the excel workbook "Soil_RAGs_October_2011", Table 1.  Because the VFs are dependent on averaging time (i.e., the length of time off-gassing is assumed to occur), scenario-specific VFs are presented since each scenario is associated with a defined averaging period (30 years for the resident and park user, 25 years for the outdoor commercial worker, and six months for the construction worker).  For non-volatile chemicals, the VF term is removed from the equation.  Because the Risk Assessment Manual bases the EPC for fugitive dusts and volatiles on the concentration of chemical in air, inhalation toxicity values (i.e., reference concentrations and unit risk values) are used to estimate hazards and risks associated with the inhalation of fugitive dusts.

Additional information on this modeling effort is available in the technical basis for the Petroleum Remediation Guidelines, which is available at {Insert Hyperlink to website}

[bookmark: _Toc314052539]Noncarcinogenic Effects

As previously described, the fugitive dust and volatile pathway is evaluated using an Average Daily Exposure (ADE) in units of mg chemical per m3 air.  The modeled EPCair is used to calculate the ADEchronic for this exposure pathway using the following formula, assuming FC = 1, as follows:

ADEchronic   =   EPCinhalation*  [1/PEF + 1/VF]  *  ET  *  EF  *  ED
				    		AP  *  DPY  *  HPD

where
		EPCinhalation	=	Exposure Point Concentration, mg chemical/m3 soil
PEF		=	Particulate Emission Factor; 1.36 x 109 m3/kg
VF		=	Volatilization factor; m3/kg (chemical-specific)
		ET		=	Exposure Time; hours per day
EF		=	Exposure Frequency; days per year
		ED		=	Exposure Duration; years
		AP		=	Averaging Period; years
		DPY		=	365 days per year
		HPD		=	24 hours per day

ADEchronic was determined for the residential and park user 1 to <6 age group, using conservative default exposure factors presented in Risk Assessment Manual Table 1.  For the two worker exposure scenarios, the ADE was calculated for the adult.  Again, to ensure protectiveness, conservative default exposure factors were selected as presented in Risk Assessment Manual Table 1.

For each scenario:

		HQ	=	ADEchronic
				 RfCchronic

For the excavation/construction worker, a subchronic ADE is calculated and a subchronic RfC is used to derive the HQ.  To solve for an acceptable soil level for the residential child, HQ = 1 was substituted into the above formulas and the equations rearranged as follows:

EPCinhalation  =  29.2 / [1/RfCchronic * (1/PEF + 1/VF)]

The following presents the equations used to calculate the soil level protective of each of the land use scenarios for inhalation of fugitive dusts and volatiles in outdoor air for noncarcinogens in soil (based on a HQ = 1).

Park Use (young child age 1 to <6):

EPCinhalation  =  48.7 / [1/RfCchronic *(1/PEF + 1/VF) ]

Outdoor Commercial:

EPCinhalation  =  29.2 / [1/RfCchronic *(1/PEF + 1/VF) ]

Excavation/Construction:

EPCinhalation  =  4.4 / [1/RfCchronic *(1/PEF + 1/VF) ]

In the excel workbook "Soil_RAGs_October_2011" Tables 2 through 5  list guidelines based on the inhalation of fugitive dust and volatiles in outdoor air for noncarcinogens for the residential, park user, outdoor commercial worker, and excavation/construction worker scenarios, respectively, based on a HQ of 1 and an ILCR of 1E-05.  
[bookmark: _Toc314052540]Carcinogenic Effects

Similar equations and methods were used to derive the following formulas for soil guidelines, using the lifetime of 70 years as the Averaging Time and a target ILCR of 10-5 where:

ILCR	=	ADElife    *     UR

Where:		UR	=	Inhalation Unit Risk, (mg chemical/m3 air)-1


The following presents the equations used to calculate the soil level protective of each of the land use scenarios for the inhalation of fugitive dust and volatiles in outdoor air for carcinogens in soil (based on an ILCR = 10-5), other than for cPAHs and vinyl chloride for the resident and park user scenarios.

Residential Use:

EPCinhalation  = 6.8E-04 / [UR *(1/PEF + 1/VF)]

Park Use:

EPCinhalation  = 1.1E-03 / [UR *(1/PEF + 1/VF)]

Outdoor Commercial:

EPCinhalation = 8.2E-04 / [UR *(1/PEF + 1/VF)]

Excavation/Construction:

EPCinhalation = 6.1E-03 / [UR *(1/PEF + 1/VF)

For cPAHs and vinyl chloride, an early lifetime adjustment has been incorporated into the cancer risk calculation for the resident and park user because these chemicals act through a mutagenic mode of action.  The following presents the equations used to calculate the soil level protective of residential and park land use scenarios for incidental ingestion of carcinogens in soil (based on an ILCR = 10-5):

Resident (cPAHs):

EPCinhalation = 1.3E-04 / [UR *(1/PEF + 1/VF) 

Resident (vinyl chloride):

EPCinhalation = 10-5 / ([0.015*UR*(1/PEF + 1/VF)] + [UR*(1/PEF + 1/VF)])

Park Use (cPAHs):

EPCinhalation = 2.1E-04 / [UR (mg chemical/m3 air)-1*(1/PEF + 1/VF)]

Park Use (vinyl chloride):

EPCinhalation = 10-5 / ([0.0088*UR*(1/PEF + 1/VF)] + [UR*(1/PEF + 1/VF)])

In the excel workbook "Soil_RAGs_October_2011" Tables 2  through 5 list guidelines based on the inhalation of fugitive dust and volatiles in outdoor air for carcinogens for the residential, park user, outdoor commercial worker, and excavation/construction worker scenarios, respectively, based on a HQ of 1 and an ILCR of 1E-05
[bookmark: _Toc248152853][bookmark: _Toc293493748][bookmark: _Toc314052541]DERMAL CONTACT PATHWAY

Quantitative estimates of risk due to dermal contact with soil are based on the fraction of the chemical absorbed through the skin.  Currently, dermal absorption factors are only available for  substances presented in Exhibit 3-4 of EPA’s Dermal Guidance document (http://www.epa.gov/oswer/riskassessment/ragse/index.htm).  DEP computed dermal cleanup levels for arsenic, cadmium, DDT, PAHs, PCBs, pentachlorophenol, and additional semi-volatile organic compounds, including pesticides.  Risk Assessment Manual Table 1 presents the receptor-specific exposure assumptions for the resident, park user, outdoor commercial worker, and excavation/construction workers.  Because hazard and risk are evaluated from the internal amount of chemical, toxicity factors generated from potential doses were adjusted based on gastrointestinal absorption efficiencies and recommendations for adjustment of toxicity values provided by EPA.  Table 1 presents the dermal toxicity values (RfDs and SFs) as well as gastrointestinal absorption efficiencies used for the adjustments.    

[bookmark: _Toc314052542]Noncarcinogenic Effects

As with oral exposures, the young child (ages 1 to <6) is the most sensitive receptor for noncarcinogenic effects for the resident and park user scenarios.  For noncarcinogenic effects based on the dermal exposure pathway, ADDchronic is calculated as follows:


ADDchronic (mg chemical/ kg BW · day) =  EPCdermal * FC * AF * SA * EF * ED * UC * DAF 
					                              BW * AP * DPY
Where:

EPCdermal	=	Exposure Point Concentration; mg chemical/kg soil	
AF		=	Skin:Soil Adherence Factor; mg soil/cm2 skin · day
FC		=	Fraction Contaminated; assumed to equal 1, dimensionless
DAF		=	Dermal Absorption Fraction; chemical-specific, dimensionless
SA		=	Exposed Skin Surface Area; cm2 
EF		=	Exposure Frequency; days per year
ED		=	Exposure Duration; years
AP		=	Averaging Period; years
BW		=	Body Weight; kg
DPY		=	365 days per year
UC		=	Unit Conversion; 10-6 kg/mg

By substituting the exposure assumptions for the young child resident and assuming a HQ = 1:

EPCdermal =  6.1 E+4  kg BW· day  *  RfDchronic *  1/DAF
		           kg soil

For the additional receptors, the equations are:

Park Use (young child age 1 to <6):

EPCdermal =  1 E+5  kg BW· day  *  RfDchronic *  1/DAF
			       kg soil		

Outdoor Commercial:

EPCdermal =  2.6 E+5  kg BW· day  *  RfDchronic *  1/DAF
			          kg soil		

Excavation/Construction:

EPCdermal (=  2.1 E+5  kg BW· day  *  RfDsubchronic *  1/DAF
			           kg soil			

In the excel workbook "Soil_RAGs_October_2011" Tables 2 through 5 list guidelines based on dermal contact with soil contaminated by noncarcinogens for the residential, park user, outdoor commercial worker, and excavation/construction worker scenarios, respectively, based on a HQ of 1 and an ILCR of 1E-05.  
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Similar equations and methods were used to derive the following formulas for dermal soil guidelines, using the lifetime of 70 years as the Averaging Period and a target ILCR of 10-5.  For the resident and park user, the chronic Average Daily Doses for the two age groups (young child and adult) were summed to generate the ADDlife, as previously described.
The following presents the equations used to calculate the soil level protective of each of the land use scenarios for dermal contact with carcinogens in soil (based on an ILCR = 10-5), other than for cPAHs for the residential and park user scenarios.

Resident:

EPCdermal  	=	        4.5 (kg BW  ·  day/kg soil)	   *  1/DAF
						SF 

Park Use:

EPCdermal  	=	        7.5 (kg BW  ·  day/kg soil)	   *  1/DAF
						SF 

Outdoor Commercial:

EPCdermal  	=	        7.2 (kg BW  ·  day/kg soil)	   *  1/DAF
					SF 

Excavation/Construction:

EPCdermal  	=	        289 (kg BW  ·  day/kg soil)	   *  1/DAF
						SF 

Because VOCs are not evaluated for dermal contact due to the speed at which they evaporate from skin, no specific equations are presented below for vinyl chloride.  For cPAHs, an early lifetime adjustment has been incorporated into the cancer risk calculation for the resident and park user because these chemicals act through a mutagenic mode of action.  The following presents the equations used to calculate the soil level protective of residential and park land use scenarios for dermal contact with carcinogens in soil (based on an ILCR = 10-5):

Resident (cPAHs):


EPCdermal  	=	        0.94 (kg BW  ·  day/kg soil)	   *  1/DAF
						SF ( 

Park Use (cPAHs):

EPCdermal  	=	        1.6 (kg BW  ·  day/kg soil)	   *  1/DAF
						SF 


In the excel workbook "Soil_RAGs_October_2011" Tables 2 through 5 list guidelines based on dermal contact with soil contaminated by carcinogens for the residential, park user, outdoor commercial worker, and excavation/construction worker scenarios, respectively, based on a HQ of 1 and an ILCR of 1E-05.  
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Groundwater RAGs


Soil Leaching to Groundwater
Soil guidelines based on leaching of contaminants from soil to groundwater and subsequent exposure through groundwater use were also developed.  DEP modeled the maximum contaminant concentration in soil that would not cause an exceedance of the Maximum Exposure Guidelines (MEGs) in a nearby drinking water well. 

The soil guidelines protective of groundwater are based upon modeling.  The goal of the modeling was to determine the highest amount of contamination in soil that will not cause groundwater to exceed the MEG through leaching by rainwater.  The model was calibrated using Maine specific leaching data.  Key assumptions used in the model were that the contaminant release was from an underground tank located in a sand and gravel aquifer and the nearest drinking water well was 50 feet (15 meters) from the release area[footnoteRef:2].  The conceptual site model for this work is shown in Figure 1.   [2:  Model inputs were for six feet of clean fill above the spill, the bottom of the contaminated soil was about 15 feet below grade, and located directly above the groundwater.  The contaminant load area was set to 750,000 cm2.  ] 


MEDEP staff evaluated the best available models for the leaching from soil to groundwater pathway and selected two models.  SESOIL[footnoteRef:3] was used to model contaminant transport in soil above the water table. The output from this model was used as input to AT123D[footnoteRef:4], which modeled contaminant transport in groundwater.  SESOIL modeled the hydrologic cycle and the pollutant fate cycle.  DEP calibrated the hydrologic cycle based on a study of the Branch Brook aquifer in Kennebunk and Wells, Maine, which is a mapped sand & gravel aquifer.  Gerber and Hebson (1996) found that the annual average recharge rate was 55% of precipitation[footnoteRef:5].  Therefore DEP adjusted hydrological model inputs until this recharge rate was achieved by the model.  Other States including Oregon, Colorado, Wisconsin and Massachusetts have used the same models to establish leaching based soil clean-up standards. [3:  See http://www.seview.com/aboutsesoil.htm for a full description of the SESOIL model.]  [4:  See http://www.seview.com/aboutat123d.htm for a full description of the AT123D model]  [5:  Gerber, R.G. and Hebson, C.S., 1996, “Ground Water Recharge Rates for Maine Soils and Bedrock”, in Loiselle, M., Weddle, T.K and White, C., Selected Papers on the Hydrogeology of Maine, Bulletin 4, Geological Society of Maine. 1996, p.23-52.] 



[bookmark: _Ref235844323][bookmark: _Ref247610680]Figure 1:  Conceptual Site model for the leaching to Groundwater Pathway
[bookmark: OLE_LINK1]Modified From Figure 5.6 in Uddameri, 1998[footnoteRef:6] [6:  Uddameri, V, 1998, “Methodologies to derive soil cleanup levels at contaminated sites”, PhD dissertation, University of Maine Civil Engineering Department, Orono, ME, 194 p.] 


[image: ]Point of Compliance


The modeling endpoint at the “point of compliance” (see Figure 1) was determined by the Maine groundwater MEGs.  MEGs are developed by CDC, based on the ingestion of groundwater as drinking water over an individual’s lifetime.  The full methodology used to develop MEGs is provided at http://www.maine.gov/dhhs/eohp/wells/index.htm.  Generally, CDC uses EPA risk-based procedures to develop MEGs, similar to the procedures used to develop the other RAGs, using the lower of the impacts from carcinogenic and noncarcinogenic effects.  However, CDC does not reduce individual MEGs when multiple contaminants are present, but does add a “relative source contribution” (RSC) factor for noncarcinogens when developing the MEGs[footnoteRef:7]:  [7:  Maine Bureau of Health, Maximum Exposure Guidelines for Drinking Water, January 20, 2000.] 


The RSC is the fraction of the chemical intake allowed to come from a drinking water source. Following EPA (1990) guidance, in the absence of data to estimate exposure to the chemical from other water-related routes of exposure or other sources (e.g., food), the default relative source contribution is 20%. That is, the MEG is set to allow only 20 percent of the RfD to result from ingestion of up to 2 liters of contaminated water per day. When sufficient data are available to assess the contribution of other sources of exposure, a chemical-specific RSC may be derived.[footnoteRef:8] In accordance with EPA (1990) guidance, 80 percent is the ceiling for the RSC.[footnoteRef:9]  [8:  “MTBE, a gasoline additive, is an example of a chemical where the Bureau of Health performed microenvironmental modeling that indicated the need for a RSC of 10%.”]  [9:  “See also: Federal Register / Vol. 58, No. 20 / Wednesday, January 30, 1991 / Rules and Regulations / p. 3535.”] 


In addition, CDC departed from its standard MEG development methodology for the following compounds:  Arsenic, Ethyl benzene, Manganese, Tetrahydrofuran, m-Dichlorobenzene, 4-Isopropyltoluene, Methyl Ethyl Ketone, o-Dichlorobenzene, Lead, and Methyl tert-Butyl Ether.  Technical reports describing the derivation of these compounds can be obtained by contacting the Bureau of Health Environmental Toxicology Program.

Additional information on the modeling effort to determine the transfer of contaminants to soil is available in the technical basis for the Petroleum Remediation Guidelines, which is available at {Insert Hyperlink to website}
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Remedial action guidelines for lead have been developed using slope factors and unit risk values for the cancer endpoint and biokinetic modeling for noncarcinogenic effects.  The development of the cancer-based guidelines follows the general methods described in Section III for carcinogenic effects.  A different method is used to develop guidelines based on noncarcinogenic effects because noncarcinogenic toxicity values (reference doses and reference concentrations) are not available for lead.  

To develop guidelines based on noncarcinogenic effects, two biokinetic models developed by USEPA are available for use:  the Integrated Exposure Uptake Biokinetic (IEUBK) model for young children and the Adult Lead Methodology (ALM) for older children and adults.  Both of these models can be used to determine a lead concentration in soil that would have a low probability of resulting in a blood lead level (PbB) of concern in an exposed population of concern.  USEPA currently recommends 10 micrograms per deciliter (ug/dL) as the PbB of concern and 5% as a low probability.  Therefore, the models are used to predict a soil concentration that would result in no greater than a 5% chance any individual in an exposed population would have  a PbB greater than 10 ug/dL.  Due to the potential effects of lead on the developing nervous system, the IEUBK model evaluates children under 84 months of age as the most sensitive population.  Similarly, the ALM focuses on effects to a fetus of an exposed female.  

In June 2009, EPA revised both the IEUBK and ALM models by updating the background blood lead concentration to a lower value, based on recent National Health and Nutrition Examination Survey (NHANES) data.  In addition, the IEUBK model input variables for dietary lead exposure were updated and the discontinuous function relating age and bone weight was replaced with a continuous function.  The result of these changes would be to increase receptor-specific soil guideline values, compared to those calculated with the previous model versions (i.e., May 2007 for the IEUBK model and January 2003 for the ALM).  However, EPA is also evaluating recent scientific evidence demonstrating adverse effects at blood lead concentrations below the current action level of 10 ug/dL.  Therefore, until EPA and the States’ can fully consider this recent information and the ramifications, DEP has decided to continue to use the May 2007 and January 2003 version of the IEUBK and ALM lead models, respectively, to calculate the soil lead guidance values.

To evaluate residential lead exposures, the IEUBK model is the most appropriate for use since it was developed specifically for residential exposures.  As recommended by USEPA, default assumptions for non-soil lead exposure pathways (e.g., dietary, drinking water, and air) were used as well as a geometric standard deviation for blood lead levels of 1.6.  Multiple source analysis was used for dust concentrations, also as recommended by USEPA.  The model calculated a soil lead concentration of 341 mg/kg as the level that would result in less than 5% of exposed children with PbB of 10 ug/dL or lower.  

For the park user, the IEUBK model was also used since direct exposures to children less than 84 months of age are assumed.  To use the IEUBK model to evaluate non-residential exposures, USEPA recommends the use of a time-weighting approach.  In this approach, the soil concentration input of the model represents a time-weighted value of exposure at the site and at a residential yard that is not part of the site.  Because a portion of a park user child’s time is spent in their yard, which is assumed to contain only background levels of lead, exposure to a higher lead concentration in a park setting for the remaining portion of their outdoor time results in acceptable blood lead levels.  According to the risk assessment guidance, children are assumed to visit a park 3 days per week, which assumes that exposures in their yard (or other background location) occur for the remaining 4 days per week.  The following formula is used to calculate the soil guideline for a park use scenario:
	
	(CSpark x EFpark) + (CSyard x EFyard) = Overall Target Soil Goal
			ED

Soil Goal   =	Soil concentration that overall results in a blood lead level of <10 ug/dL in <5% of children (341 mg/kg; residential goal)
CSpark         = 	Soil Guideline for Park Use (mg/kg)
EFpark          =	Exposure Frequency for Park Use (3 days per week)
CSyard         =	Background concentration in soil (200 mg/kg; conservative recommended USEPA default value)
EFyard         =	Exposure Frequency in yard (the remainder of the days of the week; 4 days per week)
ED             =	Exposure Duration in days (7 days)

By substitution into above formula, a park use soil guideline of 529 mg/kg is calculated.

The ALM was used to develop the adult outdoor worker soil guideline.  For this model, USEPA recommends the use of central tendency or average exposure assumptions.  Therefore, default USEPA inputs were used to conduct the modeling, including an average soil ingestion rate of 50 mg/day, an exposure frequency of 219 days per year (which includes exposure to indoor dust on-site), a biokinetic slope factor of 0.4 ug/dL per ug/day, and a fetal/maternal lead blood ratio of 0.9.  Values recommended for northeastern populations for geometric standard deviation PbB and baseline PbB were also adopted.  The model calculation results in a soil lead guideline of 1,092 mg/kg for outdoor commercial land use.

For the excavation/construction worker scenario, the adult lead model was also used.  The same default parameters used for the commercial use scenario were used for the excavation/construction worker scenario except for exposure duration, which was set at the Maine-specific value of 125 days over a 6-month period (182 days).  The model calculation results in a soil lead guideline of 954 mg/kg for an excavation/construction worker scenario.
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In site-specific circumstances, statistically valid sampling may demonstrate that a local background concentration of a contaminant is higher than a soil guideline that is based strictly on the above risk-based calculations.  Maine DEP’s policy, is that when background concentrations of a contaminant are higher than a risk-based RAG,  DEP will not require a clean-up of site soil to be more stringent than the local background concentration..  To assist with determining site-specific clean-up goals at Maine sites, DEP added background concentrations for select metals to the RAG appendices.  These background concentrations were based on the most recently collected data from the US Geological Survey’s Geochemical Landscapes Project[footnoteRef:10].  The dataset used to establish background metal concentrations was from a transect from Canada to Mexico, consisting of 105 sites that were selected to exclude local contributions.  From the dataset, DEP used an Excel workbook "USGS_GeoChemLandscape" to calculate the 90th percentile from 105 samples collected in Maine.  Additionally, the RAGs provide for the use of site specific or other data when helping to determine background concentrations at a site.  [10:  Smith, David B. and William F. Cannon, et al, Major and Trace Element Concentrations in Soils from Two Continental-Scale Transects of the United States and Canada (USGS Open File Report 2005-1253, http://pubs.usgs.gov/of/2005/1253/), July 2005.] 


Background Concentration of Polycyclic Aromatic Hydrocarbons (PAHs) often exceed risk based guidelines  DEP commissioned a study of typical background concentrations of PAHs in Maine.  The study compiled background data from investigations in Maine, determined data gaps, and then obtained samples to fill those data gaps.  The researchers evaluated key sources of PAHs, and determined that asphalt and urban fill materials, such as coal ash, are prime contributors to PAH concentrations found in Maine.  After evaluating multiple possibilities, ultimately the researchers determined that a consistent, statistically valid split in the sample results was found between PAH concentrations in urban versus rural sites.  The definition of urban and rural data was based on the Department of Transportation’s compact urban zones, which are geographically located  in GIS layers.  Additional information is available in the PAH study[footnoteRef:11]  [11:  MEDEP, Summary Report for Evaluation of Concentrations of Polycyclic Aromatic Hydrocarbons (PAHs) in Background Soils in Maine (Prepared for Maine DEP, Augusta, Maine; Prepared by AMEC Environment & Infrastructure, Inc., Portland, Maine project no. 361211, October 14, 2011.] 
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This section is provided for historical purposes.  In 2010, DEP published a major revision to the original Maine RAGs that were published in 1997.   This section describes the principal changes from the 1997 to the 2010 RAGs, since most of these changes remain in the current RAGs.

Principally, the 2010 RAGs incorporated advances in risk assessment science and policy since the original versions publication.  Toxicity values were updated to the best available published values.  To promote regional consistency, whenever practicable, the guidelines incorporated the newest risk assessment policies and procedures developed by USEPA and other North Eastern States.

A significant update from the 1997 RAGs to the 2010 RAGs was the impact of volatilization and subsequent inhalation.  The 1997 RAGs used a volatilization factor (VF) to account for impact to indoor air, which is not the intended use of a VF.  Rather, a VF should be used to evaluate impacts to ambient air assuming that VOCs migrate upward from soil to the surface and into outdoor air (not into a trench or building).  While some soil standards are heavily influenced by the volatilization factor, despite the conservative assumptions used in the model, Maine DEP found that in comparison to the other routes of exposure, volatilization to ambient air and subsequent inhalation had minimal influence on most of the 2010 RAGs.  For some of the Excavation/Construction worker soil standards, however, the volatilization factor significantly influenced the soil guideline. Based on public comment while developing these updated RAGs, DEP remodeled air impacts assuming that exposure would begin one year after the spill and would continue for an averaging period consistent with the exposure scenario: one year for the Excavation or Construction Worker, twenty-five years for the Outdoor Commercial Work or Recreational User, and thirty years for the Residential User. The one-year delay reflects the fact that invasive use of a site in many cases begins years following a spill, after off gassing, leaching, and biodegradation have greatly reduced the initial high flux rate . DHHS cautioned that where exposure is known to begin immediately following the spill, the published RAGs values should not be relied upon without separately evaluating the risk due to inhalation, absent the delay.  See Technical Basis and Background for the 2013 Maine Remedial Action Guidelines for Soil Contaminated with Hazardous Substances, section 5.2 for a full description of the volatilization modeling.

In the 2010 RAGs, the trespasser scenario was replaced with the recreational scenario, since it was more useful for typical remediation goals in Maine.

The 1997 RAGs were based on only one pathway (i.e., the inhalation pathway for these compounds) while the revised 2010 RAGs were cumulative and included the ingestion, dermal contact, inhalation and (unless otherwise indicated) the transfer to groundwater pathways as well.
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