
·--·--~----------------

Draft 

LA-UR-04-77 43 
November 2004 

ER2004-0610 

Technical Approach for 
Calculating Recreational Soil 
Screening Levels for Chemicals 

.r··~h 
···~·LoS Alamos 

tf.ll"tUlN.A.l S.A80flAfOIY 
-UT.n-4:1:-

1111111 IIIII 111111111111111 1111 II II 
14343 



Prepared by 

Environmental Stewardship-Remediation Services 

Los Alamos National Laboratory, an affirmative action/equal opportunity employer, is operated by the 
University of California for the United States Department of Energy under contract W-7405-ENG-36. 

This report was prepared as an account of work sponsored by an agency of the United States Government. 
Neither the Regents of the University of California, the United States Government nor any agency thereof, 
nor any of their employees make any warranty, express or implied, or assume any legal liability or 
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represent that its use would not Infringe privately owned rights. Reference herein to 
any specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise 
does not necessarily constitute or imply its endorsement, recommendation, or favoring by the Regents of 
the University of California, the United States Government, or any agency thereof. 

Los Alamos National Laboratory strongly supports academic freedom and a researcher's right to publish; as 
an institution, however, the Laboratory does not endorse the viewpoint of a publication or guarantee its 
technical correctness. By acceptance of this article, the publisher recognizes that the U.S. Government 
retains a nonexclusive, royalty-free license to publish or reproduce the published form of this contribution, 
or to allow others to do so, for U.S. Government purposes. Los Alamos National Laboratory requests that 
the publisher identify this article as work performed under the auspices of the U.S. Department of Energy. 



CONTENTS 

INTRODUCTION ........................................................................................................................................... 1 

RECREATIONAL SCENARI0 ...................................................................................................................... 1 

DERIVATION OF RECREATIONAL SOIL SCREENING LEVELS FOR CHEMICALS .............................. 3 
Toxicity Values ................................................................................................................................... 3 
Exposure Scenarios, Media, and Pathways ...................................................................................... 4 
Modeling Inhalation and Dermal Pathways ....................................................................................... 5 

Inhalation -Volatile Organic Compounds ............................................................................. 5 
Inhalation - Fugitive Dust ...................................................................................................... 5 
Dermal Absorption ................................................................................................................. 6 

Soil Screening Level Equations and Parameter Values .................................................................... 6 
Combined Exposures for Noncarcinogenic Chemicals in Soil. .............................................. 6 
Combined Exposures for Carcinogenic Chemicals in Soil .................................................... 7 

Derivation of the Volatilization Factor ................................................................................................ 8 
Derivation of the Soil Saturation Concentration ................................................................................. 9 
Derivation of the Particulate Emission Factor .................................................................................... 9 
Proposed Recreational Soil Screening Levels ................................................................................ 10 

REFERENCES ............................................................................................................................................ 16 

Attachment 

Attachment 1 Basis of Exposure Parameters Used to Calculate Recreational Soil Screening Levels 

Tables 

Table 1 

Table 2 

Table 3 

Table4 

Table 5 

Recreational Exposure Parameters Used in the SSL Equations ............................................... 2 

Parameters Used in the Derivation of the Volatilization Factor ................................................. 8 

Parameters Used in the Derivation of the Soil Saturation Concentration .................................. 9 

Parameters Used in the Derivation of the Particulate Emission Factor ..................................... 9 

Recreational Soil Screening Levels for Chemicals .................................................................. 1 0 

ER2004-0610 
Draft 

v November 2004 



INTRODUCTION 

The chemical soil screening levels (SSLs} used in the human health risk-based screening assessments 
are based on the current and reasonably foreseeable future land use for a site. Three types of land use 
can be evaluated: residential, industrial, and recreational. The SSLs used by the Environmental 
Stewardship-Remediation Services (ENV-RS) project have been developed by the New Mexico 
Environment Department (NMED) for chemicals based on residential and industrial exposures (NMED 
2004, 85615, or latest version). However, recreational SSLs have not been developed and are proposed 
here to use to screen sites at Los Alamos National Laboratory for potential human health risk, where 
applicable. 

The land uses are represented by receptors evaluated under specific exposure conditions. For the 
recreational scenario, the receptors are an adult and a child who walk, hike, or play in Los Alamos 
County. The screening evaluation uses the SSLs calculated for the particular land use/receptor, either a 
child for noncarcinogenic effects or a combined adult and child for carcinogenic effects, as the basis for a 
decision. 

The chemical SSLs (for all scenarios) are based on chronic toxicity and represent the concentration of a 
chemical that is associated with either a lifetime excess cancer risk of one in one hundred thousand (1 0-5) 
for carcinogens or a hazard quotient of one (1.0) for noncarcinogens. These target levels are in 
agreement with NMED's technical background document for developing screening levels (NMED 2004, 
85615, or latest version). The recreational SSL calculation methodology uses current NMED-supplied 
toxicity values, chemical/physical data, and equations. The only new information is the exposure 
parameters being proposed to calculate the recreational SSLs. In addition, the development of the 
recreational SSLs includes inhalation pathway calculations for all chemicals for which the appropriate 
physical/chemical parameters and toxicity information is available or can be developed through route-to
route extrapolation of reference dose (RfD) values. 

The approach described is intended to ensure consistency in the calculation of SSLs. Any deviations from 
the procedure described in NMED's technical background document (NMED 2004, 85615, or latest 
version) must have approval of the administrative authority. 

RECREATIONAL SCENARIO 

The recreational scenario pertains to individuals who may be exposed as a result of spending a limited 
amount of time engaged in outdoor activities on or near a solid waste management unit or area of 
concern (including the canyons}. The primary recreational activity represented by this scenario is that of a 
trail user/hiker. The receptor includes an adult as well as a child (if the receptor is an adult or child, 
alternative SSLs may be developed and proposed to NMED for approval}. The recreational child is 
evaluated under an "extended backyard" or outdoor child scenario, which was designed primarily for 
cases where a residential development borders on canyons and is accessible to pre-teen children for 
outdoor play. It has been expanded to include a child walking or playing in any part of the canyon that is 
accessible for an extended period of time. The exposure pathways evaluated for this scenario include 
incidental ingestion of soil, inhalation of particulates and/or vapors, and dermal contact. 

The exposure parameters for each of the pathways for a recreational scenario are presented in Table 1. 
The hourly inhalation rates are for moderate activity levels for both the adults and children, respectively. 
The upper bound estimate soil ingestion rate for adults is from the U.S. Environmental Protection Agency 
(EPA) (EPA 2001, 87462}. The upper bound soil ingestion rate of 400 mg/day for a child was obtained 
from the EPA (1997, 66596). The ingestion rates are prorated based upon the exposure time per event 
(Attachment 1 ). The higher values for inhalation and soil ingestion are recommended for the reasonable 
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Calculating Recreational SSLs 

maximum exposure (RME} because they reflect conditions in this area of the country where vegetation is 
sparse, winds are prevalent, activities occur at higher altitudes so the rate of metabolism is higher, and 
more time is spent outdoors. 

Table 1 
Recreational Exposure Parameters Used in the SSL Equations 

Symbol Definition Adult Trail User Outdoor Child
3 

c Chemical SSL in soil (mg/kg) 

THO Target hazard quotient 1 1 

TR Target cancer risk 10-5 10.5 

ATe Averaging time 70 yr x 365 days 6 yr x 365 days 
(carcinogen) 

ATn Averaging time ED x365 days ED x365 days 
(noncarcinogen) 

CSFo Cancer slope factor-ilral Chemical-specific (mg/kg-day)'1 Chemical-specific (mg/kg-day)'1 

CSF; Cancer slope factor- Chemical-specific (mg/kg-day)'1 Chemical-specific (mg/kg-day)'1 

inhalation 

RfDo Reference dose-ilral Chemical-specific (mg/kg-day) Chemical-specific (mg/kg-day) 

RfD; Reference dose-inhalation Chemical-specific (mglkg-day) Chemical-specific (mg/kg-day) 

BW Body weight 70 kg 31 kg (6-11 yr of age) 

ED Exposure duration 30 yr0 6 yr (6-11 yr of age) 

EF Exposure frequency 200 events/yr 200 events/yr 

IRA Inhalation rate 1.6 m3/hr 1.2 m3/hr 

IRS Soil ingestion rate 25.6 mg/da~ (100 mg/day + 71.4 mg/day (400 mg/day x 
1 hr/3.9 hr) 1 hr/5.6 hrs)d 

AF Adherence factor 0.07 mg/cm2 0.2 mg/cm2 

ABS Skin absorption factor Semivolatile organic compounds = 0.1 Semivolatile organic compounds = 0.1 
Chemical-specific for others Chemical-specific for others 

SA Exposed surface area 5700 cm2 (head, hands, forearms, 3525 cm2 (head, hands, forearms, 
lower legs) lowerlegst 

PEF Particulate-emission factor 6.61 x 109 m3/kg 6.61 x 109 m3/kg 

VF Volatilization factor for soil Chemical-specific (m3/kg) Chemical-specific (m31kg) 

IFSadi Age-adjusted ingestion 22.6 mg-yr/kg-day 
factor 

lnhFadj Age-adjusted inhalation 0.8 m3-yr/kg-day 
factor 

SFSadi Age-adjusted skin contact 273.3 mg-yr/kg-day 
factor for carcinogens 

a Based on extended backyard scenario. 

b Exposure duration for lifetime resident is 30 yrs. For carcinogens, the exposures are combined for child (6 yr) and adult (24 yr). 

c Assumes one hr of trail use per day, with potential exposure to contaminants occurring over all of that time out of an average of 
d 3.9 hr spent outdoors per day (EPA 1997, 66598, Table 15-10, pp. 15-28 and 15-29). See Attachment 1 for more details. 

Assumes one hr of use per day, with potential exposure to contaminants occurring over all of that time out of an average of 
5.6 hours spent outdoors per day (EPA 1997, 66598, Table 15-176, p. 15-187). See Attachment 1 for more details. 

e The exposed dermal surface area for this child receptor was calculated using the body-part specific surface areas for this age 
group given in exhibit C-1 of Risk Assessment Guidance for Superfund (RAGS), Volume 1: Human Health Evaluation Manual 
(PartE, Supplemental Guidance for Dermal Risk Assessment) Interim (EPA 2001, 71431). 

The values presented for dermal exposures to soil are default values for the adult, including the surface 
area, adherence factors, and absorption factors (EPA 2001, 71431). The surface area value assumes the 
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Calculating Recreational SSLs 

adult is wearing a short~sleeved shirt, shorts, and shoes. The surface area value for children assumes the 
same situation as the adult, i.e., the child (age 6-11 yr) is wearing a short~sleeved shirt, shorts, and 
shoes (Attachment 1 ). The EPA's dermal risk assessment guidance (EPA 2001, 71431) provides 
information from studies on the total mean body surface area of children for various age groups and the 
percentage of total body surface area by body part for different age groups, respectively. 

Assumptions were made with respect to exposure time (1 hr per event) and exposure frequency 
(200 events per yr) for the RME values. The exposure time represents the total amount of time spent 
walking per day (901

h percentile) in the west (EPA 1997,66598, Table 15~126, p. 15-142). The frequency 
is equivalent to four times a week for 50 weeks per yr. 

DERIVATION OF RECREATIONAL SOIL SCREENING LEVELS FOR CHEMICALS 

The equations, toxicity values, and physical/chemical parameter values are consistent with those of 
NMED in the derivation of their soil screening levels (NMED 2004, 85615, or latest version). Lead is the 
exception to the SSL calculations because EPA~approved toxicity values for lead have not been 
published. The SSL for lead is based on the soil lead level that limits exposure of a child to no more than 
a 5% chance of exceeding a 10 IJg/dl blood lead level (EPA 1994, 59509). The recreational SSL for a 
child is calculated using EPA's Integrated Exposure Uptake Biokinetic (IEUBK) model (EPA 1994, 
59894). In addition, because certain inorganic and organic chemicals have relatively low toxicity, a non
risk based maximum concentration of 100,000 (105

) mg/kg is used when the calculated risk-based SSL 
exceeds this concentration. 

The ENV-RS project's primary resource for calculating the recreational SSLs is NMED's soil screening 
level guidance (NMED 2004, 85615, or latest version). If chemical or toxicity information is not available 
from NMED guidance, the project uses the information from EPA Region 6 medium-specific screening 
levels (EPA 2003, 81724, or latest version). While the differences between the guidance documents are 
small, the SSL calculations must be modified, depending upon the information available (i.e., 10-5 versus 
10-a cancer risk target levels). 

Toxicity Values 

Toxicity values (RfDs and cancer slope factors [SFs]) associated with chronic exposure are preferentially 
used for calculating SSLs. The recommended hierarchy of toxicological sources is described in EPA 
(2003, 86554). The preferred source of toxicity values is EPA's Integrated Risk Information System (IRIS) 
located on the World Wide Web site at http://www.epa.gov/iris. In addition, provisional peer reviewed 
toxicity values (PPRTVs) may be obtained for some chemicals and routes of exposure from EPA's 
National Center for Environmental Assessment (NCEA). NCEA publishes issue papers on certain 
chemicals' toxicity values for use by EPA regional offices. However, the PPRTVs have not been 
subjected to rigorous scientific review and, therefore, cannot be used with the confidence of values 
obtained from IRIS. The PPRTVs are used in calculating SSLs for performing screening assessments 
because they (1) reflect the state of knowledge within NCEA at the time of their publication and, therefore, 
incorporate a level of review beyond peer-reviewed publications and (2) incorporate several upper-bound 
exposure estimates and conservatively biased submodels for dermal absorption and dust resuspension. 
Therefore, the uncertainty associated with the provisional toxicity value is balanced by a bias toward 
protecting the public. If provisional values are used in SSL calculations for chemicals that are potential 
risk-drivers, consequences to the confidence of the screening decision may be discussed in the 
uncertainty analysis of the screening assessment. EPA's Health Effects Assessment Summary Table 
(HEAST) (EPA 1997, 58968), as well as the Agency for Toxic Substances and Disease Registry (ATSDR) 
minimal risk levels (MRLs), is also used as a source of toxicity values. 
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Calculating Recreational SSLs 

EPA specifies separate toxicity values for ingestion and inhalation intake routes. Toxicity values for 
metals are not extrapolated between ingestion and inhalation exposure routes, when a value has been 
published for one route only, because of the potential differences in absorption efficiencies between these 
intake routes (NMED 2004, 85615, or latest version). Because absorption of organic chemicals more 
closely approximates 1 00% for both ingestion and inhalation, route-to-route extrapolation is performed for 
organic chemicals (NMED 2004, 85615, or latest version; EPA 2003, 81724, or latest version). If 
extrapolated toxicity values (between ingestion and inhalation exposure routes) are used in SSL 
calculations for chemicals that are potential risk-drivers, the effects on the confidence of the screening 
decision may be discussed in the uncertainty analysis. 

Some chemicals routinely analyzed for and detected in media do not have EPA-approved or provisional 
toxicity values. The approach to this issue is to identify a similar chemical for which toxicity values are 
available and incorporate it into the screening assessment as a surrogate (LANL 2002, 72639). The 
similarity may be based on whether their chemical structures are similar or one chemical is a degradation 
product of another. Identification of an appropriate surrogate value, and whether the evaluation is 
performed within the context of a screening assessment or a risk assessment, is a chemical-specific and 
assessment-specific decision that is beyond the scope and purpose of this document. Surrogates and the 
assumptions affecting their selection have been approved by NMED per a memorandum dated 
November 24, 2003 (NMED 2003, 81172). 

Exposure Scenarios, Media, and Pathways 

The SSLs represent exposure for a recreational scenario as described above. Exposure pathways for 
chemical SSLs include incidental ingestion of soil, inhalation of particulates and/or vapors in ambient air, 
and dermal absorption of chemicals in soil. Exposure equations and parameter values for recreational 
SSL calculations are provided (Equations 1 to 5 and Table 1, respectively). The primary sources of 
exposure parameters used in the recreational SSL calculations are EPA's Exposure Factors Handbook, 
Volumes 1 and 3 (EPA 1997, 66596; EPA 1997, 66598) and NMED's technical background document 
(NMED 2004, 85615, or latest version). The parameter values are intended to provide estimates of the 
RME for a receptor incorporating the pathways listed above. For the dermal absorption exposure route, 
parameter values for exposed body surface area, soil-adherence factor, and skin-absorption factors were 
obtained from EPA Region 6 (EPA 2003, 81724 or latest version) and NMED (NMED 2004, 85615, or 
latest version). The parameter values originated from a draft version of EPA's dermal risk assessment 
guidance (EPA 2001, 71431 ). Although the guidance is still in interim draft form and has not been 
released for general use, these parameter values reflect current EPA guidance for evaluating the dermal 
exposure route based on EPA review of relevant published research and are unlikely to change. 

The equations, toxicity values, and physical/chemical properties used to develop the NMED SSLs for the 
residential scenario were used to calculate the recreational SSLs; only the exposure parameters were 
changed to reflect the recreational rather than residential exposure. The one exception to this application 
was the inclusion of the inhalation pathway for some organic chemicals where in the development of 
NMED SSLs the inhalation pathway was not included; no explanation for this exclusion is given in the 
technical background document that contains the NMED SSLs (NMED 2004, 85615, or latest version). 
The development of the recreational SSLs follows EPA soil screening protocols and includes inhalation 
pathway calculations for all chemicals for which the appropriate physical/chemical parameters and toxicity 
information is available or can be developed through route-to-route extrapolation of RfD values. This 
approach is consistent with the methods for SSL development described by both NMED and EPA 
Region 6 (NMED 2004, 85615, or latest version: EPA 2003, 81724, or latest version). 
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Modeling Inhalation and Dermal Pathways 

Inhalation - Volatile Organic Compounds 

Calculating Recreational SSLs 

The concentration of volatile organic compound (VOC) vapors in the ambient air breathing zone 
associated with VOCs in site soils is calculated using a steady-state volatilization model. The model used 

is Hwang and Falco's volatilization factor (VF) model, originally described by EPA (1991, 58234). The 
version of the VF model that is used for calculating SSls is presented in the user's guide and technical 
background document of EPA's soil screening guidance documents (EPA 1996, 58917; EPA 1996, 
59902) and in NMED guidance (NMED 2004, 85615, or latest version). 

The VF model is valid for sites where a VOC is present at concentrations below soil particle, pore water, 
and pore air saturation levels. For conditions in which soil is saturated with one or more organic 
chemicals, a SSL calculated using the VF model output is not reliable. The screening value for a VOC 
under these conditions is the soil saturation concentration (C981). This value is used to identify the possible 

presence of nonaqueous phase VOC liquid (which may result in greater likelihood of off-site migration) 

and is not associated with toxicological endpoints. The Csat values are applied in the same fashion as in 
NMED soil screening guidance (NMED 2004, 85615, or latest version, Tables A-1 and B-1). 

The VF and Csat model equations and parameter values for SSL calculations are documented in 
Equations 6 and 7 and Tables 2 and 3. Parameter values for site-related factors such as soil porosities, 
density, and amount of organic carbon are default values recommended in NMED guidance (NMED 
2004, 85615, or latest version). Chemical-specific parameter values are required for chemical diffusivity in 
air and water, Henry's Law constant, solubility in water, and organic carbon partition coefficient. The 
values used in calculating recreational SSLs are the same as those used in the NMED guidance to 
calculate SSLs for residential and industrial exposures (NMED 2004, 85615, or latest version). The 
sources used to obtain these values include (1) EPA's soil screening guidance (EPA 1996, 58917; EPA 
1996, 59902) and (2) EPA's Superfund chemical data matrix (EPA 1996, 64708). Other references that 
may be employed if data are unavailable in the primary references include the Handbook of 
Environmental Fate and Exposure Data for Organic Chemicals (Howard 1990, 59892), EPA's subsurface 

contamination reference guide (EPA 1990, 59926), and EPA's Superfund exposure assessment manual 
(EPA 1988, 59901 ). 

Inhalation - Fugitive Dust 

The concentration of dust in air above contaminated soils and sediment is calculated using EPA's 

particulate emission factor (PEF) model, which is a screening-level soil resuspension model. This model 
was originally described in "Rapid Assessment of Exposure to Particulate Emissions from Surface 
Contamination Sites" (EPA 1985, 59903). The version of the PEF model used to calculate recreational 
SSLs is consistent with NMED guidance for residential and industrial exposures (NMED 2004, 85615, or 
latest version) and is presented in the user's guide and technical background document of EPA's soil 

screening guidance documents (EPA 1996, 58917; EPA 1996, 59902). 

The PEF model used for screening the dust inhalation pathway is from wind erosion of surfaces that have 

an unlimited reservoir of particles. The model calculates the concentration of respirable particles in the air 
due to wind erosion. Depending on site soil conditions, an unlimited supply of particles of this size may 

not be available throughout the exposure period and may overestimate the intake via dust inhalation. The 
PEF model equations and parameter values for SSL calculations are presented below (Equation 8; 
Table 4). Parameter values for the PEF model, including the dispersion term (Q/C), vegetative cover, and 
wind speeds are default values recommended in NMED's soil screening guidance for residential and 
industrial exposures (NMED 2004, 85615, or latest version). 
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Calculating Recreational SSLs 

Dermal Absorption 

The amount of soil residing on a unit area of skin is described using an adherence factor (AF}. A layer of 
soil is assumed to cover 100% of a specified body surface area corresponding to the AF. The literature on 
AFs recognizes they are dependent upon body part, soil type, particle size, soil moisture content, and 
other variables. Because information for quantifying these variables often is unavailable, single default 
values are used for the AFs when SSLs are calculated (0.2 mg/cm2 for a recreational child and 
0.07 mg/cm2 for a recreational adult} (NMED 2004, 85615, or latest version}. 

Dermal absorption from soil is evaluated using a skin absorption factor (ABS) to model desorption of a 
chemical from soil, absorption through skin, and transfer to the bloodstream. According to NMED soil 
screening guidelines, a default ABS value for semivolatile organic compounds is 0.1 (EPA 2001, 71431 ); 
there is no ABS for inorganic chemicals and VOCs. Chemical-specific ABS values from NMED guidance 
(NMED 2004, 85615, or latest version) are used in SSL calculations for the following chemicals: arsenic 
(0.03); cadmium (0.001); chlordane (0.04); p,p'-dichlorodiphenyltrichloroethane/p,p'
dichlorodiphenyldichloroethylene/p,p'-dichlorodiphenyldichloroethane (DDT/DOD/DOE) (0.03); benzene 
hexachloride (0.04); polycyclic aromatic hydrocarbons (PAHs) (0.13); polychlorinated biphenyls (PCBs) 
(0.14); and pentachlorophenol (0.25). 

Soil Screening Level Equations and Parameter Values 

Equations 1 and 2 are used to calculate recreational SSLs for noncarcinogenic and carcinogenic 
chemicals, respectively, through direct soil ingestion, inhalation of chemical vapors or airborne dust, and 
dermal absorption from soil. Table 1 gives the parameters for these equations. 

Combined Exposures for Noncarcinogenic Chemicals in Soil 

C = THQxBWc xATn 

EFxED x[(-1-x IRSc )+(-1-x SAc xAFc xABS)+(-1-X--;--I_RA--=-c-,.)] 
c RID o 106 mg/kg RID o 106 mg /kg RfDi (VFs orPEF) 

Note: VFs used for volatile chemicals and PEF for nonvolatile chemicals. 

Where THQ is the target hazard quotient 

ATn is the averaging time for noncarcinogens (Table 1) 

EF is the exposure frequency (Table 1) 

RfDo is the oral reference dose 

ABS is the dermal-absorption factor (Table 1) 

Rf01 is the inhalation reference dose 

Equation 1 

BWc. EDc. IRSc. SAc. AFc.IRAc are the child exposure parameters for body weight, exposure 
duration, surface area, and adherence factor, respectively (Table 1) 

VFs is the volatilization factor 

PEF is the particulate-emission factor (Table 1) 
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Combined Exposures for Carcinogenic Chemicals in Soil 

C- TRxATc 

- EFx[(IFS•di x CSFo) + (SFSadi x ABSx CSF0 ) +(InhFadi x CSFi ]] 
106 mg/kg 106 mg/kg (vF.orPEF) 

Note: VF5 used for volatile chemicals and PEF for nonvolatile chemicals. 

Where TR is the target cancer risk 

AT c is the averaging time for carcinogens 

EF is the exposure frequency (Table 1} 

IFSadJ is the age-adjusted soil ingestion factor (Table 1} 

CSF 0 is the oral cancer slope factor 

SFSadi is the age-adjusted skin contact factor (Table 1} 

ABS is the dermal-absorption factor (Table 1} 

lnhF adJ is the age-adjusted inhalation factor (Table 1} 

CSF1 is the inhalation cancer slope factor 

VF s is the volatilization factor 

PEF is the particulate-emission factor (Table 1) 

Equation 2 

Because contact rates may be different for children and adults, carcinogenic risks during the first 30 yr of 
life are calculated using age-adjusted factors ("adj") (Equations 3, 4, and 5). Age-adjusted factors are 
especially important for soil ingestion exposures, which are higher during childhood and decrease with 
age. However, for purposes of combining exposures across pathways, additional age-adjusted factors are 
used for inhalation and dermal exposures. Under site-specific conditions (e.g., if the area is within 
Laboratory property} either an adult trail user or a child under the extended backyard scenario may be 
appropriate. If such a condition exists, SSLs may be calculated for the individual receptor only with prior 
approval from NMED. 

Equation 3 is used (mg-yr)/(kg-day} for ingestion: 

. EDc x IRSc _,_(E_D...:.r_-_E_D...::.c"'-) _x _IR_S...::.• 
IFSadJ = +-

BWc BW. 

Equation 4 is used (mg-yr)/(kg-day) for dermal contact: 

SFS . = ED c x AFc x SAc + ...:..{E_D....;..r _-_E_D=c)_x_AF--'-. _x _S_A.;;..<..) 
adJ BW BW 

c a 

Equation 5 is used (m3-yr)/(kg-day), for inhalation: 
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Calculating Recreational SSLs 

Where IFSadJ is the age-adjusted soil ingestion factor (Table 1) 

SFSadJ is the age-adjusted skin contact factor {Table 1) 

lnhFadJ is the age-adjusted inhalation factor (Table 1) 

EDr is the recreational exposure duration 

EDc. IRSc. BWc, AFc. SAc. I RAe are the child exposure parameters for soil ingestion rate, body 
weight, adherence factor, surface area, and inhalation rate, respectively (Table 1) 

IRSa. BW8 , AFa. SAa. IRAa are the adult exposure parameters for soil ingestion rate, body weight, 
adherence factor, surface area, and inhalation rate, respectively (Table 1) 

Derivation of the Volatilization Factor 

Equation 6 is used to derive the VF for VOCs; the parameters are presented in Table 2. 

(Q) (3.14 X DA X TY12 -4( 2 2) 
VF.=!- x xlO m /em 

\C 2 X A X DA 
Equation 6 

Where 

Table 2 

Parameters Used in the Derivation of the Volatilization Factor 

Symbol Definition 

VFs Volatilization factor 

DA Apparent diffusivity 

Q/C Inverse of mean concentration at the center of a 0.5-ac2 source 

T Exposure interval 

Pb Dry soil bulk density 

0a Air-filled soil porosity (Lairllsoii) 

0w Water-filled soil porosity (Lwaterllsoil) 

0; Diffusivity in air 

H'* Dimensionless Henry's Law constant 

Dw Diffusivity in water 

n Total soil porosity (Lpore/Lsoil) 

Ps Soil-particle density 

1<.! Soil-water partition coefficient 

Koc Soil organic carbon/water partition coefficient 

foe Fraction organic carbon content of soil 

*H' "' Henry's Law Constant+ universal gas constant x temperature. 

November 2004 8 

Values (Units) 

Chemical-specific (m3/kg) 

Chemical-specific (cm2/sec) 

68.18 g/m2-sec per kg/m3 

9.5 x 108 sec 

1.5 g/cm3 

0.18 orn -0w 

0.26 

Chemical-specific (cm2/sec) 

Chemical-specific 

Chemical-specific (cm2/sec) 

0.42 or 1 - (pJps) 

2.65 g/cm3 

Kocfoc (chemical-specific) (cm3/g) 

Chemical-specific (Ukg) 

0.0015 (g/g) 
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Derivation of the Soil Saturation Concentration 

Equation 7 is used to derive the Csat for organic chemicals; parameters are presented in Table 3. 

s 
sat =-(K p +0 +H'0) A, db w a 

Equation 7 

Table 3 
Parameters Used in the Derivation of the Soil Saturation Concentration 

Symbol Definition Values (Units) 

Csat Soil-saturation concentration Chemical-specific (mg/kg) 

s Solubility in water Chemical-specific (mg/L) 

~ Soil-water partition coefficient Kocfoc (chemical-specific) (cm3/g) 

Koc Soil organic carbon/water partition coefficient Chemical-specific (Ukg) 

foe Fraction organic carbon content of soil 0.0015 (g/g) 

Pb Dry soil bulk density 1.5 g/cm3 

E>w Water-filled soil porosity (LwaterlLsoii) 0.26 

H' * Dimensionless Henry's Law constant Chemical-specific 

E>a Air-filled soil porosity (La;,/Lsoit) 0.18 or n- E>w 

•H' = Henry's Law Constant+ universal gas constant x temperature. 

Derivation of the Particulate Emission Factor 

Equation 8 is used to derive the PEF for non-VOCs and inorganic chemicals; the parameters are 
presented in Table 4. 

Equation 8 

Table4 
Parameters Used in the Derivation of the Particulate Emission Factor 

Symbol Definition Values (Units) 

PEF Particulate-emission factor 6.61 X 109 m3/kg8 

Q/C Inverse of the mean concentration at the center of a 0.5-ac2 81.85 g/m2-sec per kg/m3 

source 

v Fraction of vegetative cover 0.5 (unitless) 

Urn Mean annual wind speed 4.02 m/sec 

u, Equivalent threshold value of wind speed at 7 m 11.32 m/sec 

F(x) Function dependent on Um1U1 (derived using EPA 1985, 59903) 0.0553 (unitless) 

a The PEF presented in the table is the correctly calculated value from the NMED parameters (the PEF presented in NMED 2004, 
85615, Table 12 is incorrect). 

ER2004-0610 
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Calculating Recreational SSLs 

Proposed Recreational Soil Screening Levels 

The proposed recreational SSLs (Table 5) were calculated using the equations, toxicity values, and 
physical/chemical parameters in NMED (NMED 2004, 85615, or latest version) and the exposure 
parameters presented in Table 1. If both noncarcinogenic and carcinogenic SSLs are calculated, the 
lower of the two is the recreational SSL used in the screening assessment. The Excel spreadsheet with 
the parameters, toxicity values, and physical/chemical information used to calculate the recreational SSLs 
is included on the compact disc attached to the back of this document. 

Analyte 

Acenaphthene 

Acenaphthylene 

Acetaldehyde 

Acetone 

Acrylonitrile 

Acetophenone 

Acrolein 

Aldrin 

Aluminum 

Anthracene 

Antimony 

Arsenic 

Barium 

Benzene 

Benzidine 

Benz(a)anthracene 

Benzo(a)pyrene 

Benzo(b )fluoranthene 

Benzo(k)fluoranthene 

Benzoic acid 

Beryllium 

a-BHC 

b-BHC 

g-BHC 

1 , 1-Biphenyl 

Bis(2-chloroethyl)ether 

Bis(2-chloroisopropyl}ether 

Bis(2-ethylhexyl)phthalate 

Bis( chloromethyl)ether 

November 2004 

Table 5 
Recreational Soil Screening Levels for Chemicals 

Recreational SSL a Noncarcinogenic SSLs 
(mg/kg) (mg/kg) 

4.40E+04 4.40E+04 

2.38E+04c No data 

2.82E+03 2.82E+03 

1.00E+05(max)d 7.12E+05 

6.09E+01 3.33E+02 

1.31 E+03(sat)e 6.32E+04 

5.45E+OO 5.45E+OO 

1.49E+OO 1.20E+01 

1.00E+05(max) 7.90E+05 

1.00E+05(max) 2.32E+05 

3.17E+02 3.17E+02 

2.77E+01 1.83E+02 

5.54E+04 5.54E+04 

4.69E+02 1.08E+03 

1.11E-01 1.20E+03 

3.01E+01 No data 

3.01E+OO No data 

3.01E+01 No data 

3.01E+02 No data 

1.00E+05(max) 1.63E+06 

1.58E+03 1.58E+03 

6.05E+OO 2.84E+02 

2.12E+01 1.14E+02 

2.93E+01 1.70E+02 

8.90E+01 (sat) 3.60E+04 

3.07E+01 No data 

4.43E+02(sat) 2.06E+04 

1.93E+03 7.97E+03 

8.27E-02 No data 

10 

Carcinogenic SSLs 
(mg/kg) 

No datab 

No data 

4.89E+03 

No data 

6.09E+01 

No data 

No data 

1.49E+OO 

No data 

No data 

No data 

2.77E+01 

No data 

4.69E+02 

1.11 E-01 

3.31E+01 

3.31E+OO 

3.31E+01 

3.31E+02 

No data 

1.28E+06 

6.05E+OO 

2.12E+01 

2.93E+01 

No data 

3.07E+01 

No data 

1.83E+03 

8.27E-02 
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Analyte 

Boron 

Bromobenzene 

Bromodichloromethane 

sec-Butylbenzene 

tert-Butylbenzene 

Butyl benzyl phthalate 

Cadmium 

Carbazole 

Carbon disulfide 

Carbon tetrachloride 

Chlordane 

2-Chloroacetophenone 

2-Chloro-1 ,3-butadiene 

1-Chloro-1, 1-difluoroethane 

Chlorobenzene 

1-Chlorobutane 

Chlorodifluoromethane 

Chloroethane 

Chloroform 

Chloromethane 

P-Chloronaphthalene 

o-Chloronitrobenzene 

p-Chloronitrobenzene 

2-Chlorophenol 

2-Chloropropane 

o-Chlorotoluene 

Chromium (total) 

Chromium Ill 

Chromium VI 

Chrysene 

Cobalt 

Copper 

Crotonaldehyde 

Cumene (isopropylbenzene) 

Cyanide 

Cyanogen 

Cyanogen bromide 

Cyanogen chloride 

ER2004-0610 
Draft 
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Calculating Recreational SSLs 

Table 5 (continued) 

Recreational SSL a Noncarcinogenic SSLs Carcinogenic SSLs 
(mg/kg) (mg/kg) (mg/kg) 

3.59E+04 3.59E+04 No data 

2.42E+02(sat) 9.52E+02 No data 

9.12E+02 6.70E+03 9.12E+02 

6.05E+01 (sat) 1.06E+04 No data 

1.06E+02(sat) 1.20E+04 No data 

7.97E+04 7.97E+04 No data 

6.62E+02 6.62E+02 1.71E+06 

1.28E+03 No data 1.28E+03 

5.80E+04 5.80E+04 No data 

6.89E+01 7.49E+01 6.89E+01 

1.09E+02 2.84E+02 1.09E+02 

1.22E+OO 1.22E+OO No data 

1.67E+02 1.67E+02 No data 

2.05E+02(sat) 1.08E+06 No data 

2.42E+02(sat) 4.31E+03 No data 

2.91 E+02(sat) 3.06E+04 No data 

2.05E+02(sat) 1.08E+06 No data 

1.38E+03(sat) 1.64E+05 1.95E+04 

8.70E+01 1.70E+02 8.70E+01 

4.46E+02 2.32E+03 4.46E+02 

5.22E+04 5.22E+04 No data 

4.84E+01 4.84E+01 7.27E+03 

2.82E+02 2.82E+02 1.05E+04 

2.62E+03 2.62E+03 No data 

6.89E+02(sat) 8.59E+03 No data 

4.66E+03 4.66E+03 No data 

1.43E+04 1.43E+04 2.75E+05 

1.00E+05(max) 1.19E+06 No data 

2.38E+03 2.38E+03 2.57E+05 

3.01E+03 No data 3.01E+03 

1.57E+04 1.57E+04 1.10E+06 

3.17E+04 3.17E+04 No data 

2.98E+01 No data 2.98E+01 

1.78E+04 1.78E+04 No data 

1.58E+04 1.58E+04 No data 

5.67E+03 5.67E+03 No data 

1.27E+04 1.27E+04 No data 

7.08E+03 7.08E+03 No data 
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Calculating Recreational SSLs 

Analyte 

DOD 

DOE 

DDT 

Dibenz(a,h)anthracene 

Dibenzofuran 

1 ,2-Dibromo-3-chloropropane 

Dibromochloromethane 

1 ,2-Dibromoethane 

1 ,4-Dichloro-2-butene 

1 ,2-Dichlorobenzene 

1 ,3-Dichlorobenzene 

1 ,4-Dichlorobenzene 

3,3-Dichlorobenzidine 

Dichlorodifluoromethane 

1, 1-Dichloroethane 

1 ,2-Dichloroethane 

cis-1 ,2-Dichloroethene 

trans-1 ,2-Dichloroethene 

1, 1-Dichloroethene 

2,4-Dichlorophenol 

1 ,2-Dichloropropane 

1 ,3-Dichloropropene 

Dicyclopentadiene 

Dieldrin 

Diethyl phthalate 

Dimethyl phthalate 

Di-n-butyl phthalate 

2 ,4-Dimethyl phenol 

2,4-Dinitrotoluene 

2,6-Dinitrotoluene 

Di-octyl phthalate 

1 ,2-Diphenylhydrazine 

Endosulfan 

Endrin 

Epichlorohydrin 

Ethyl acetate 

Ethyl acrylate 

Ethyl chloride 

November 2004 

Table 5 (continued} 

Recreational SSL a Noncarcinogenic SSLs 
(mg/kg) (mg/kg) 

1.73E+02 No data 

1.22E+02 No data 

1.22E+02 3.09E+02 

3.01E+OO No data 

3.06E+03 3.06E+03 

4.04E+01 1.72E+07 

6.73E+02 1.58E+04 

6.52E-01 4.27E+01 

3.24E+OO No data 

1.16E+02(sat) 2.31E+04 

1.73E+02(sat) 3.42E+02 

8.14E+01 (sat) 2.05E+04 

5.69E+01 No data 

2.05E+02(sat) 4.23E+03 

1.22E+03(sat) 2.04E+04 

1.14E+02 4.81E+02 

8.41E+02(sat) 1.75E+03 

1.83E+03(sat) 2.75E+03 

8.83E+02(sat) 5.00E+03 

1.20E+03 1.20E+03 

3.00E+02 3.00E+02 

2.11E+02 7.49E+02 

1.75E+01 1.75E+01 

1.60E+OO 1.99E+01 

1.00E+05(max) 3.19E+05 

1.00E+05(max) 3.99E+06 

3.99E+04 3.99E+04 

7.97E+03 7.97E+03 

7.97E+02 7.97E+02 

3.99E+02 3.99E+02 

1.59E+04 1.59E+04 

3.20E+01 No data 

2.39E+03 2.39E+03 

1.20E+02 1.20E+02 

3.79E+02 3.79E+02 

2.06E+04(sat) 4.32E+05 

5.13E+01 (sat) No data 

1.38E+03(sat) 1.64E+05 

12 

Carcinogenic SSLs 
(mg/kg) 

1.73E+02 

1.22E+02 

1.22E+02 

3.01E+OO 

No data 

4.04E+01 

6.73E+02 

6.52E-01 

3.24E+OO 

No data 

No data 

7.10E+02 

5.69E+01 

No data 

No data 

1.10E+02 

No data 

No data 

No data 

No data 

8.31E+02 

2.11E+02 

No data 

1.60E+OO 

No data 

No data 

No data 

No data 

No data 

No data 

No data 

3.20E+01 

No data 

No data 

4.09E+03 

No data 

1.18E+03 

1.95E+04 
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Analyte 

Ethyl ether 

Ethyl methacrylate 

Ethylbenzene 

Ethylene oxide 

Fluoranthene 

Fluorene 

Furan 

Heptachlor 

Heptachlor epoxide 

Hexachlorobenzene 

Hexachloro-1 ,3-butadiene 

Hexachlorocyclopentadiene 

Hexachloroethane 

n-Hexane 

HMX 

Hydrogen cyanide 

lndeno(1 ,2,3-c,d)pyrene 

Iron 

lsobutanol 

lsophorone 

Lead
1 

Lead (tetraethyl-) 

Maleic hydrazide 

Manganese 

Mercury (elemental) 

Mercury (methyl) 

Mercury (inorganic) 

Methacrylonitrile 

Methomyl 

Methyl acetate 

Methyl acrylate 

Methyl isobutyl ketone 

Methyl methacrylate 

Methyl styrene (alpha) 

Methyl styrene (mixture) 

Methylcyclohexane 

Methylene bromide 

Methylene chloride 

ER2004-0610 
Draft 

Calculating Recreational SSLs 

Table 5 (continued) 

Recreational SSL a Noncarcinogenic SSLs Carcinogenic SSLs 
(mglkg) (mg/kg) (mglkg) 

1.89E+03(sat) 1.22E+05 No data 

5.18E+01 (sat) 6.98E+03 No data 

4.03E+04 4.03E+04 2.59E+05 

3.59E+01 No data 3.59E+01 

1.39E+04 1.39E+04 No data 

3.03E+04 3.03E+04 No data 

1.32E+02 1.32E+02 No data 

5.69E+OO 1.99E+02 5.69E+OO 

2.81E+OO 5.18E+OO 2.81E+OO 

1.60E+01 3.19E+02 1.60E+01 

7.97E+01 7.97E+01 3.28E+02 

2.39E+03 2.39E+03 No data 

3.99E+02 3.99E+02 1.83E+03 

3.80E+01 (sat) 3.86E+03 No data 

1.99E+04 1.99E+04 No data 

5.82E+02 5.82E+02 No data 

3.01E+01 No data 3.01E+01 

1.00E+05(max) 2.3BE+05 No data 

2.22E+04(sat) 1.BBE+05 No data 

2.69E+04 7.97E+04 2.69E+04 

560 560 No data 

3.99E-02 3.99E-02 No data 

1.57E+03(sat) 6.91E+04 No data 

1.58E+04 1.5BE+04 No data 

1.00E+05(max) 2.54E+07 No data 

3.99E+01 3.99E+01 No data 

2.38E+02 2.38E+02 No data 

5.68E+01 5.68E+01 No data 

2.10E+03 2.10E+03 No data 

1.00E+05(max) 5.62E+05 No data 

2.34E+03 2.34E+03 No data 

6.90E+03(sat) 6.03E+04 No data 

2.B3E+03(sat) 1.19E+05 No data 

2.16E+02(sat) 2.22E+04 No data 

2.16E+02(sat) 2.50E+03 No data 

6.28E+04 6.28E+04 No data 

2.51 E+03(sat) 2.61E+03 No data 

2.55E+03(sat) 3.86E+04 3.01E+03 
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Calculating Recreational SSLs 

Analyte 

Methylnaphthalene 

Methoxychlor 

Molybdenum 

Naphthalene 

Nickel 

Nitrate 

Nitrite 

Nitrobenzene 

Nitroglycerin 

N-Nitrosodiethylamine 

N-Nitrosodimethylamine 

N-Nitrosodi-n-butylamine 

N-Nitrosodiphenylamine 

N-Nitrosopyrrolidine 

m-Nitrotoluene 

o-Nitrotoluene 

p-Nitrotoluene 

Pentachlorobenzene 

Pentachlorophenol 

Perchlorate 

Phenanthrene 

Phenol 

Aroclor-1016 

Aroclor-1221 

Aroclor-1232 

Aroclor-1242 

Aroclor-1248 

Aroclor-1254 

Aroclor-1260 

n-Propylbenzene 

Propylene oxide 

Pyrena 

RDX 
Selenium 

Silver 

Strontium 

Styrene 

1,2,4,5-Tetrachlorobenzene 

November 2004 

Table 5 (continued) 

Recreational SSL a Noncarcinogenic SSLs 
(mglkg) (mglkg) 

3.17E+03 3.17E+03 

1.65E+03 1.65E+03 

3.96E+03 3.96E+03 

9.83E+01 (sat) 1.97E+03 

1.58E+04 1.58E+04 

1.00E+05(max) 1.26E+06 

7.92E+04 7.92E+04 

3.12E+02 3.12E+02 

1.83E+03 No data 

1.71E-01 No data 

5.02E-01 No data 

3.03E+OO No data 

5.22E+03 No data 

1.22E+01 No data 

5.57E+02(sat) 6.06E+03 

5.57E+02(sat) 6.06E+03 

5.57E+02(sat) 6.06E+03 

3.19E+02 3.19E+02 

1.17E+02 6.85E+03 

7.92E+01 7.92E+01 

1.20E+04 1.20E+04 

1.00E+05(max) 1.20E+05 

1.05E+01 2.33E+01 

1.05E+01 No data 

1.05E+01 No data 

1.05E+01 No data 

1.05E+01 No data 

6.65E+OO 6.65E+OO 

1.05E+01 No data 

5.32E+01 (sat) 1.27E+04 

2.18E+02 9.20E+03 

2.38E+04 2.38E+04 

2.33E+02 1.20E+03 

3.96E+03 3.96E+03 

3.96E+03 3.96E+03 

1.00E+05(max) 4.75E+05 

4.19E+02(sat) 8.67E+04 

1.20E+02 1.20E+02 

14 

Carcinogenic SSLs 
(mglkg) 

No data 

No data 

No data 

No data 

No data 

No data 

No data 

No data 

1.83E+03 

1.71E-01 

5.02E-01 

3.03E+OO 

5.22E+03 

1.22E+01 

No data 

No data 

No data 

No data 

1.17E+02 

No data 

No data 

No data 

1.05E+01 

1.05E+01 

1.05E+01 

1.05E+01 

1.05E+01 

1.05E+01 

1.05E+01 

No data 

2.18E+02 

No data 

2.33E+02 

No data 

No data 

No data 

No data 

No data 
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Anatyte 

1 , 1,1 ,2-Tetrachloroethane 

1,1 ,2,2-Tetrachloroethane 

T etrachloroethene 

Thallium 

Toluene 

Toxaphene 

Tribromomethane 

1,1 ,2-Trichloro-1 ,2,2-trifluoroethane 

1 ,2,4-Trichlorobenzene 

1,1, 1-Trichloroethane 

1 , 1 ,2-Trichloroethane 

Trichloroethane 

T richlorofluoromethane 

2,4,5-Trichlorophenol 

2,4,6-Trichlorophenol 

1 , 1 ,2-Trichloropropane 

1,2,3-Trichloropropane 

1 ,2,3-Trichloropropene 

Triethylamine 

1 ,2 ,4-T rimethylbenzene 

1 ,3,5-Trimethylbenzene 

1 ,3,5-Trinitrobenzene 

2,4,6-Trinitrotoluene 

Uranium 

Vanadium 

Vinyl acetate 

Vinyl bromide 

Vinyl chloride (adult+child) 

Vinyl chloride (adult) 

m-Xylene 

o-Xylene 

p-Xylene 

ER2004-0610 
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Calculating Recreational SSLs 

Table 5 (continued) 

Recreational SSL a Noncarcinogenic SSLs Carcinogenic SSLs 
(mg/kg) (mg/kg) (mglkg) 

7.49E+02 1.23E+04 7.49E+02 

9.87E+01 2.51E+04 9.87E+01 

9. 76E+O 1 (sat) 5.45E+03 2.11E+02 

5.23E+01 5.23E+01 No data 

2.48E+02(sat) 2.16E+04 No data 

2.33E+01 No data 2.33E+01 

7.16E+03 1.58E+04 7.16E+03 

3.18E+03(sat) 9.10E+05 No data 

8.53E+02(sat) 7.42E+03 No data 

5.51 E+02(sat) 6.31E+04 No data 

2.24E+02 1.18E+03 2.24E+02 

1.48E+01 2.11E+02 1.48E+01 

9.59E+02(sat) 1.51E+04 No data 

3.99E+04 3.99E+04 No data 

3.99E+01 3.99E+01 2.33E+03 

6.10E+02 6.10E+02 No data 

2.83E+01 1.51E+02 2.83E+01 

4.88E+02 4.88E+02 No data 

1.90E+03 1.90E+03 No data 

3.27E+02(sat) 1.52E+03 No data 

6.89E+01 (sat) 6.59E+02 No data 

1.20E+04 1.20E+04 No data 

1.99E+02 1.99E+02 8.53E+02 

2.38E+03 2.38E+03 No data 

5.55E+03 5.55E+03 No data 

2.78E+04 2.78E+04 No data 

1.69E+02 1.69E+02 No data 

2.84E+01 1.18E+03 2.84E+01 

5.53E+01 1.19E+03 5.53E+01 

8.00E+01 (sat) 6.49E+03 No data 

9.86E+01 (sat) 7.24E+03 No data 

1.24E+02(sat) 7.00E+03 No data 
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Calculating Recreational SSLs 

Table 5 (continued) 

Recreational SSL a Noncarcinogenic SSLs Carcinogenic SSLs 

Analyte (mg/kg) (mg/kg) (mg/kg) 

Xylenes 1.32E+02(sat) 8.16E+03 No data 

Zinc 1.00E+05(max) 2.38E+05 No data 

a The SSL used is the lower of either the noncarcinogenic and carcinogenic SSLs; if an analyte has both noncarcinogenic and 

carcinogenic effects both may be included in the screening assessment. 

b No data indicates that an effect category has not been demonstrated for an analyte. 

c No toxicity information available; pyrene used as surrogate based on structural similarity (NMED 2003, 81172). 

d A no risk-based maximum concentration for analytes that exhibit relatively low toxicity. The value presented is the maximum value 

when the risk-based SSL exceeds this level; the risk-based SSLs are provided in the other columns. 

e SSL for certain volatile organic compounds above which the chemicals may occur as nonaqueous phase liquids in soil. 

f The SSL for lead is derived using EPA's IEUBK model (EPA 1994, 59894). 
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Attachment 1 

Basis of Exposure Parameters 
Used to Calculate Recreational Soil Screening Levels 



Adult On-Site Soil Ingestion Rate 

In developing the exposure parameter for incidental soil ingestion through recreational exposures, the 

conservative assumption was made that all adult soil ingestion occurs during the time the adult is 

outdoors. The outdoor time at the site is set at 1 hr/day based on the total amount of time spent walking 

per day (90th percentile) in the west (EPA 1997, 66598, Table 15-126, p. 15-142). The total time outdoors 

per day for the adult was set at 3.9 hours per day. This value was developed from the same "key study'' 

by Robinson and Thomas used in Volume 3 of EPA's Exposure Factors Handbook (EPA 1997, 66598) to 

estimate a different nationwide recommended value, but using the values from the study applicable to the 

subpopulation of interest for these recreational SSLs. The data used to develop the value for total time 

spent outdoors was taken from Table 15-10 of Volume 3 of EPA's Exposure Factors Handbook (EPA 

1997, 66598). It was assumed that soil ingestion is proportional to total time outdoors (not just time in 

physical activity); therefore, the minutes reported in the row "physical/outdoors" and "other/outdoors" in 

Table 15-10 were summed to provide values for total time outdoors. The values for mean time outdoors 

for the subgroup "doers" (active people) in Table 15-10 were used because recreational SSLs should be 

protective of the sub population of people engaged in outdoor activities, since they are most likely to come 

in contact with the site on a regular basis such as the 200 events/yr used in the recreational scenario. 

Minutes outdoors were averaged over the age classes in Table 15-10 weighting them by the number of yr 

in each class (i.e., 6 times the 12-17 class, 6 times the 18-24 class, plus 21 times the 24-44 class) to get 

a value representative of the adult life span to cover at least the 24-30 yr used as the exposure duration. 

This approach gives an average adult outdoor time of 236 min/day (3.9 hr/day). The on-site soil ingestion 

for the adult is (100 mg/day)/ (3.9 hr/day)*(1 hr/d on-site)= 25.6 mg/d of soil ingested at the site. 

Child Soil Ingestion Rate 

In developing the exposure parameter for incidental soil ingestion through recreational exposures, the 

conservative assumption was made that all soil ingestion by the child occurs when the child is outdoors. 

The outdoor time at the site is set at 1 hr/day based on the total amount of time spent walking per day 

(90th percentile) in the west (EPA 1997,66598, Table 15-126, p. 15-142). The total time outdoors per day 

was based on the national recommended values in Table 15-176 of Volume 3 of EPA's Exposure Factors 

Handbook (EPA 1997, 66598}. These recommended times outdoors are 5 hr/day for weekdays and 7 

hr/day on weekends. To obtain one value for the total time outdoors, a time weighted average of these 

values was developed as [(5 hr/day * 5 days/wk} + (7 hr/day*2 days/wk)]/7 days/wk for an average daily 

total outdoor time of 5.6 hr/day. The on-site soil ingestion for the child was, therefore, set to (400 mg/day)/ 

(5.6 hr/day}* 1hr/day on-site= 71.4 mg/day of soil ingested at the site. 

Surface Area for Dermal Exposure to Soil: 

The dermal surface area to which soil may adhere for the adult recreational receptor is the same as that 

used for residential exposure (NMED 2004, 85615, or latest version; EPA 2003, 81724, or latest version); 

this value corresponds to an adult wearing shorts, a short-sleeved shirt, and shoes. For consistency, the 

dermal surface area to which soil may adhere for the child was set to a value matching an average child 

between 6 and 11 yr of age wearing shorts, a short-sleeved shirt, and shoes. The exposed dermal 

surface area for this child receptor was calculated using the body-part specific surface areas for this age 

group given in Exhibit C-1 of Risk Assessment Guidance for Superfund (RAGS), Volume 1: Human Health 

Evaluation Manual (Part E. Supplemental Guidance for Dermal Risk Assessment) Interim (EPA 2001, 

71431}. 
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