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Introduction 

Background 

The Model Toxics Control Act (MTCA) Cleanup Regulation includes policies and procedures for 

establishing cleanup levels based on human health protection.  Key features include:   

 Cleanup levels are based on protecting sensitive population groups, including pregnant 
women, developing fetuses, and children. 

 Cleanup levels are based on the “reasonable maximum exposure” that a person might 
encounter.  The reasonable maximum exposure is designed to represent a high end (but 
not worst case) estimate of individual exposures.  

 Cleanup levels are based on exposure parameters (e.g., soil ingestion rate) and toxicity 
factors (e.g. cancer slope factor) in EPA guidance and the scientific literature.   

Ecology reviewed the available scientific literature and regulatory guidance when preparing the 

2001 rule amendments.   Based on that review, Ecology updated the methods used to establish 

soil cleanup levels.   Specifically, Ecology revised the methods to require consideration of both 

soil ingestion and dermal contact.  For most chemicals, dermal contact is evaluated only when 

changes to the standard equation results in site-specific cleanup levels that are “significantly 

higher” than values calculated using the default parameters.     

Since the rule was revised in 2001, there have been several important scientific and regulatory 

developments relevant to establishing cleanup levels.   This information raises several issues 

about the current MTCA procedures for establishing soil cleanup levels:   

 Should Ecology revise the MTCA rule to provide clearer direction on when and how 
concurrent exposure pathways (e.g. soil ingestion, dermal contact and inhalation) are 
taken into account when establishing soil cleanup levels? 

 Should Ecology revise the MTCA equations and exposure parameters based on current 
scientific information on age-related differences in exposure levels and susceptibility? 

 Should Ecology consider other changes to the methods and policies for establishing soil 
cleanup levels based on current scientific information and/or regulatory guidance? 

 Do the methods for establishing cleanup levels provide a reasonable level of 
conservatism given the uncertainty and variability in exposure and toxicity? 

Purpose of the Discussion Materials 

Ecology has performed several evaluations designed to support decisions on whether and how 

to revise the methods for establishing soil cleanup levels.  This document was prepared to 

support the Board’s review of those evaluations.  When making decisions on rule revisions, 

Ecology will consider the results of the Board’s review and the following other factors:  
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 Integration and consistency with other MTCA risk management choices and provisions; 

 Workability of any MTCA rule revisions relative to the current regulation; 

 Methods and policies used by other state and federal cleanup programs; 

 Public comments on proposed revisions; and 

 Incremental benefits and costs of complying with the revised cleanup level 

requirements.  

Organization of the Discussion Materials 

The rest of this document includes four main sections: 

 Exposure Scenarios and Parameters.  This section describes the current MTCA methods and 
policies used when establishing soil cleanup levels based on the direct contact pathway.   

 Methods Used to Evaluate Exposure Issues:   This section summarizes the methods used to 

evaluate the current procedures for establishing soil cleanup levels based on the direct 

contact pathway and options for revising those procedures 

  Preliminary Observations and Comparisons:  This section summarizes and compares 

preliminary observations based on the results of the evaluations.  Appendix D and E 

provides results from the different simulations and exposure models. 
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Exposure Scenarios and Parameters 

The MTCA Cleanup Regulation defines the Reasonable Maximum Exposure (RME) as:  “the 

highest exposure that is reasonably expected to occur at a site under current and potential 

future site use.”1  In establishing cleanup levels and standards, as policy, the MTCA Cleanup 

Regulation is based on and protective of the most sensitive populations, including pregnant 

women, unborn children, children and most sensitive wildlife and plant species.2   Under the 

MTCA Cleanup Regulation, cleanup levels are based on estimates of the “reasonable maximum 

exposure” (RME). 3    

 The RME is designed to represent a high end (but not worst case) estimate of individual 
exposures.   It provides a conservative estimate that falls within a realistic range of 
exposures.4 

 The RME is defined as reasonable because it is a product of several factors that are an 
appropriate mix of average and upper-bound estimates.   RME estimates typically fall 
between the 90th and 99.9 percentile of the exposure distribution.5 

 The RME takes into account both current and reasonably foreseeable future conditions.  

 
Regardless of the site use conditions (unrestricted, residential, or restricted soils, industrial), 

cleanup levels and standards are based on a reasonable maximum exposure expected to occur 

at the site that accounts for both current and potential future uses.6  Different sections of the 

MTCA Cleanup Regulation define media - specific reasonable maximum exposures: 

 Ground Water Cleanup Levels and Standards, WAC 173-340-720, defines the RME for 

unrestricted use of ground water in terms of a child drinking 1 L/day and an adult 

drinking 2 L/day; 

 Surface Water Cleanup Levels and Standards, WAC 173-340-730, defines the RME as the 

most beneficial unrestricted use of surface waters by consuming 54 g/day of fish for an 

adult; 

                                                           
1
 WAC 173-340-708 (3) (b) 

2
 Washington State Department of Ecology, Concise Explanatory Statement, MTCA Cleanup Regulation, February 

12, 2001, page 119. 
3
 MTCA defines the RME as the   “…the highest exposure that can be reasonably expected to occur for a human or 

other living organisms at a site under current and potential future site use.”  CERCLA provides a similar definition 

“…the highest exposure that is reasonably expected to occur at a Superfund site…” 

4
 U.S. Environmental Protection Agency.  An Examination of EPA Risk Assessment Principles and Practices.  

EPA/100/B-04/0001.  March 2004. 

5
 IBID. 

6
 Washington State Department of Ecology, 1991 Responsiveness Summary to the MTCA Cleanup Regulation 
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 Unrestricted, Residential, Soil Cleanup Levels and Standards, WAC 173-340-740, defines 

the RME in terms of the incidental soil ingestion rate of 200 mg/day for a child;  

 Restricted, Industrial, Soil Cleanup Levels and Standards, WAC 173-340-740, defines the 

RME in terms of the incidental soil ingestion rate of 50 mg/day for an adult;  

 Air Cleanup Levels and Standards, WAC 173-340-750, defines the RME in terms of a 

breathing rate of 10m3/day for a child and 20m3/day for an adult.  

In defining the different RME’s and exposure parameters to establish cleanup levels and 

standards Ecology has made policy choices that provide a reasonable balance between central 

tendency and upper bound estimates.  In combination these exposure estimates provide a 

reasonable maximum exposure estimate for the different media.  See Appendix A for additional 

information on the Reasonable Maximum Exposure. 
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Evaluation Methods 

Ecology is evaluating the influence of different exposure pathways on soil cleanup levels.  The 

methodology employed by Ecology includes the following steps: 

 Developed several exposure models to evaluate the relative importance of different 

soil-related exposure pathways (incidental ingestion, dermal exposure, and inhalation 

exposure). 

 Selected exposure parameters for each exposure model and pathway.  

 Selected chemicals to be evaluated and identified chemical-specific parameters for 

toxicity, bioavailability and other physical-chemical characteristics. 

 Evaluated exposure levels and cleanup levels using the exposure models, exposure 

parameters and chemical-specific information (deterministic or point estimates 

calculations).   This involved the following steps: 

→ Calculate soil cleanup levels for each chemical using the exposure models; 

→ Prepare a series of tables that illustrate the similarities and differences between 

cleanup levels based on different exposure models and any variations based on 

chemical type.  

 Evaluate the variability in exposure levels and resulting cleanup levels using Monte Carlo 

techniques.   This involved the following steps:    

→ Selected a software program to performed probabilistic evaluations; 

→ Identified which exposure parameters to consider as variables for probabilistic 

analysis; 

→ Selected exposure distributions to characterize those parameters; 

→ Evaluate the correlation between different exposure parameters and identify 

correlations coefficients for use in this evaluation.  

→ Use the Ecology’s Environmental Assessment Program’s simulation tool 

(YASAI.w.xla) to create simulated exposure distributions and evaluate where the 

point estimate values fall within the simulated exposure distribution (i.e. does 

the point estimate value fall in the 90 to 99th percentile range of the simulated 

distribution?)  
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Exposure Models 

Ecology developed seven exposure models that are designed to provide information relevant to 

the regulatory choices in the MTCA rulemaking.   The seven exposure models consider different 

combinations of exposure pathways and age intervals: 

 Child Exposure - One Exposure Pathway Model:   This model is based on the standard 

methods for calculating soil cleanup levels in the current MTCA rule.   With this model, 

cleanup levels based on the direct contact pathway only take into account incidental soil 

ingestion.  No simulation modeling was performed using this one pathway exposure 

model. 

 Child Exposure - Two Exposure Pathway Model:   This model is based on the modified 

method for calculating soil cleanup levels in the current MTCA rule (Equation 740-5).   

With this model, cleanup levels based on the direct contact pathway take into account 

concurrent exposure via incidental soil ingestion and dermal contact.  

 Child Exposure – Three Exposure Pathway Model:   This model is based on the equations 

developed by the Oak Ridge National Laboratory that have been adopted by several EPA 

regions and state agencies.   With this model, cleanup levels based on the direct contact 

pathway take into account concurrent exposure via incidental soil ingestion, dermal 

contact and inhalation of soil contaminants. 

 Adult Exposure - Two Pathway Model:   This model is similar to the modified method for 

calculating soil cleanup levels in the current MTCA rule except that the input parameters 

are based on adult exposures.   With this model, cleanup levels based on the direct 

contact pathway take into account concurrent exposure via incidental soil ingestion and 

dermal contact;  

 Adult Exposure – Three Exposure Pathway Model:   This model is based on the 

equations developed by the Oak Ridge National Laboratory that have been adopted by 

several EPA regions and state agencies.   With this model, cleanup levels based on the 

direct contact pathway for adult exposures taking into account concurrent exposure via 

incidental soil ingestion, dermal contact and inhalation of soil contaminants. 

 Child and Adult Exposure - Two Exposure Pathway Model:   This model is based on the 

equations developed by the Oak Ridge National Laboratory that have been adopted by 

several EPA regions and state agencies.   The model is based on a 30 year exposure 

period (6 years for children and 24 years older children/adults).  With this model, 

cleanup levels based on the direct contact pathway take into account concurrent 

exposure via incidental soil ingestion and dermal contact.    

 Child and Adult Exposure – Three Exposure Pathway Model:   This model is based on the 

equations developed by the Oak Ridge National Laboratory that have been adopted by 
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several EPA regions and state agencies.   The model is based on a 30 year exposure 

period (6 years for children and 24 years older children/adults).  With this model, 

cleanup levels based on the direct contact pathway take into account concurrent 

exposure via incidental soil ingestion, dermal contact and inhalation of soil 

contaminants.  

 

Appendix B provides examples and descriptions of concurrent exposure pathway equations 

under consideration by Ecology. 

 

Monte Carlo Analysis 

Objective 

As an initial, as well as an on-going evaluation, the following analysis was designed to help 

evaluate the importance of including different concurrent exposure pathways, and the 

influence exposure parameters may have on establishing risk-based cleanup levels.  The 

analysis considers whether exposure estimates represent a reasonable maximum exposure.  

This analysis is an on-going effort and will evolve to include other media (groundwater in 

particular), age-related adjustment for early life exposures, and to account for differences in 

exposure patterns between adults and children.   

 

Method 

To help facilitate the risk management decision in deciding whether to establish soil cleanup 

levels based on direct contact via incidental ingestion only or to establish soil cleanup levels 

based on different routes of exposures to contaminated soils, Ecology is evaluating the 

influence of different exposure pathways on soil cleanup levels.  The methodology employed by 

Ecology includes the following steps: 

 Selecting of chemicals to be evaluated; 

 Establishing cleanup levels using different equations that reflect different routes of 

exposure (incidental ingestion, dermal exposure, and inhalation exposure); 

 Determining chemical-specific toxicity values, and other physical chemical-specific 

parameters;  

 Identify which exposure parameters to consider as variables for probabilistic analysis; 

 Using these exposure distributions, a sensitivity analysis was performed to determine 

the percent contribution each exposure variable had for variance of the soil risk-based 
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cleanup level.  In addition, for each of the different exposure point estimate 

assumptions percentiles were generated based on their respective simulated exposure 

distributions.  Also, the percentiles for risk-based cleanup levels were generated from 

the different exposure simulations and compared to the modified MTCA risk based 

cleanup level. All of the exposure distributions, point exposure estimates, and 

documentation are provided in Appendix C. 

 For Monte Carlo simulation Ecology assumed that total body surface area was 

correlated with body weight, with an assumed rank correlation coefficient of 1. The 

fraction of the total body surface area exposed was assumed to be represented by a 

distribution defined by best professional judgement of minimum, maximum and most 

likely values (using PERT-beta).7 

 

Selection of Chemicals to be Evaluated 

An initial suite of five chemicals were used to evaluate soil carcinogenic cleanup levels.    

 Arsenic 

 Benzo[a]pyrene, [B(a)P] 

 Chlordane 

 Epichlorohydrin 

 Trichloroethylene (TCE) 

The basis for the selection of these chemicals includes: 

 Availability of carcinogenic toxicity values for different routes of exposure (oral 

cancer potency values and inhalation unit risk values); 

 Range of physical/chemical properties that may influence the dominance of one 

exposure pathway over another (different dermal absorption values, an inorganic 

non-volatile chemical and/or varying organic chemical volatility); 

 Use of this evaluation for future analysis, such as, the potential that early life 

exposures may contribute to cancer exhibited later in life. 

 

 

 

                                                           
7
 PERT-beta refers to modeling expert opinion where the bounded estimates are minimum, most likely, and 

maximum values; functional YASAIw statements [=genbetapert()] are used for fraction of body surface area 
exposed and a child’s residential exposure duration. 
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Defined Exposure Distributions and Correlations 

Statistical descriptions of all of the exposure distributions and the YASAIw functional 

statements associated with the distributions are in Appendix C.8  Exposure point estimates and 

statistical distributions are described for the following exposure parameters: 

 Child and adult soil ingestion rates; 

 Child and adult body weights; 

 Child and adult exposure durations, the child exposure duration distribution is based on 

best professional judgment; 

 Cumulative frequency distribution is described for the child’s body surface area exposed 

and the statistical description of the distribution for the adult body surface area 

exposed;  

 Statistical description of the distribution for the child and adult body surface areas; 

 The statistical description of the distribution for the percent body surface area exposed 

(25%) is based on best professional judgment, professional consultation with the 

Science Advisory Board, and U.S. EPA exposure factor documentation; 

 Soil adherence factors and volatilization factors. 

 

 For Monte Carlo simulation Ecology assumed that total body surface area was 

correlated with body weight, with an assumed rank correlation coefficient of 1. The 

fraction of the total body surface area exposed was assumed to be represented by a 

distribution to represent the best professional judgment of minimum, maximum and 

most likely values (using PERT-beta). For deterministic analysis (not Monte Carlo 

simulation), the U.S. EPA recommends an assumption of 25% skin surface area exposed 

to soil which represents the exposed skin surface area limited to the head, hands, 

forearms, and lower legs.  Since some studies suggest that dermal exposure may occur 

under clothing then the upper percentile, 25%, is recommended.9 

Exposure Pathways Monte Carlo Analysis Tool 

Three possible Monte Carlo simulation tools were considered for use in this analysis.  A 

preliminary Monte Carlo tool was developed by Dr. Nagesha Kannadeguli.  A second Monte 

                                                           
8
 Ecology’s Environmental Assessment Programs modified/enhanced version of Yet Another Simulation Add in For 

Excel (YASAIw.xla).  Jonathan Eckstein and Steven T. Riedmueller. YASAI: Yet Another Add-In For Teaching 
Elementary Monte Carlo Simulation In Ecxel. April 2001. RUTCOR (Rutgers Center for Operations Research) 
Research Report, Rutgers University. 
9
 U.S. EPA Exposure Factors Handbook, Volume I, General Factors. August 1997. EPA/600/P-95/002Fa. Page 6-5 

Depending on the clothing scenarios, roughly 10% to 25% of the skin surface area may be exposed to soil with a 
central tendency estimate represented by an individual wearing long sleeve shirt, pants, and shoes. 
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Carlo simulation tool used was Oracle’s Crystal Ball. Monte Carlo simulations were conducted 

using mathematical models for two and three concurrent exposure pathways.  After 

consultation with technical support from Oracle, Ecology modified and enhanced an open-

source add-in to Excel (YASAIw.xla) originally developed at Rutgers University for a Monte Carlo 

simulation tool.  A brief description of the YASAI simulation tool follows. 

YASAIw.xla Monte Carlo Simulation Tool 

YASAI is an free open-source add-in to Microsoft Excel developed at Rutgers University used to 

teach Monte Carlo simulation methods to University students.  The functional design and 

theory of the YASAI simulation tool is published by Eckstein et al. (2000).10  Professor Eckstein 

of Rutgers University developed the basic programming for the YSAI simulation tool.  

Greg Pelletier, senior environmental engineer with Ecology’s Environmental Assessment 

Program, has modified the original 2.0 version of YASAI to add new functions and features to 

perform Monte Carlo simulations for different exposure parameters.11  YASAI simulation 

outputs, sensitivity analysis, and simulation frequency distributions were compared to Crystal 

Ball.  All simulation outputs using YASAI were comparable to Crystal Ball using the same 

mathematical model. For large number of iterations (e.g. 10,000 or 100,000) the simulated 

percentiles of soil cleanup levels from YASAIw and Crystal Ball generally agreed within 2 to 3 

significant digits (note that an exact matching of results from YASAIw and Crystal Ball are not 

possible because of different sequences of random number generation during the Monte Carlo 

simulation).  Furthermore, Professor Eckstein was consulted by Greg Pelletier regarding the 

functional refinements and enhancements being developed using the YASAI simulation tool.  

The new functional features and enhancements developed by Greg Pelletier with Visual Basic 

programming will be incorporated into the Rutgers University YASAI simulation tool 

programming to be used by students.  The modified version of YASAI (now called YASAIw) has 

been added to the suite of modeling tools used and recommended by the Environmental 

Assessment Program.12  The following enhancements have been made to the YASAI simulation 

tool: 

                                                           
10

 Ecology’s Environmental Assessment Programs modified/enhanced version of Rutgers University simulation tool, 
Yet Another Simulation Add in For Excel, YASAIw.xla. Jonathan Eckstein and Steven T. Riedmueller. YASAI: Yet 
Another Add-in for Teaching Elementary Monte Carlo Simulation in Excel. INFORMs Transactions on Education 2:2 
(12-26) 
11

 Original Rutgers University 2.0 Version of YASAI can be found at Rutgers University web site: 
http://www.yasai.rutugers.edu/ 
 
12

 Ecology’s Environmental Assessment Program’s latest version of YASAIw is located at the following link: 
http://www.ecy.wa.gov/programs/eap/models.html 
 

http://www.yasai.rutugers.edu/
http://www.ecy.wa.gov/programs/eap/models.html
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 Additional distributions for specifying random variables; 

 Functions for generating correlated random variables; 

 Sensitivity analysis to estimate the correlation between forecasted variables, assumed 

distributions, and the contribution to variance of each forecast variable from each 

distribution; 

 The ability to use YASAIw functions in any or all of the worksheets in the workbook for 

the simulation; 

 Additional output worksheets with cumulative distributions, the values of each variable 

during each iteration, and the results of the sensitivity analysis. 

Simulations, Randomized Variables and Assumptions 

Ecology used YASAIw as modified and enhanced by the Environmental Assessment Program.  

Using YASAIw Ecology simulated different exposure distributions using 10,000 iterations 

producing estimates of percent contributions to the soil risk based cleanup levels and to 

provide percentiles where an exposure variable would lie along the simulated exposure 

distribution.  The randomized exposure variables from the defined exposure distributions 

provides an estimate of the percent contribution to variance and an estimate of which of the 

exposure parameters contributes the most to the risk based cleanup level.  For this analysis 

Ecology made an assumption that body weight and body surface area are directly related to 

one another with 100% correlation.  Alternate exposure assumptions were made to develop 

exposure distributions based on best professional judgment for a child’s residential exposure 

duration and the percent body surface area exposed to soils.   
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Preliminary Observations and Comparisons 

 

For each of the five chemicals analyzed, exposure simulations were run as follows: 

Number of Pathways Exposure Model  Description  

2 pathways  
1 

Ingestion + dermal age adjusted 
 Child + Adult 

  
2 
3 

Ingestion + dermal not age adjusted 
 Child only 
 Adult only 

3 pathways  
4 

Ingestion + dermal + inhalation age adjusted 
 Child + Adult 

  
5 
6 

Ingestion + dermal + inhalation not age adjusted 
 Child only 
 Adult only 

      

These simulations led to a number of preliminary observations.  

Age adjustments affect how the exposure parameters contribute to variance in the calculated cleanup 

levels.  

 For arsenic, the adult exposure duration and the child soil ingestion rate are the dominating 

exposure parameters contributing to soil cleanup levels when age adjustments are included.  

 For benzo[a]pyrene, with age adjustments, the adult exposure duration associated with the 

dermal and ingestions pathway is dominant; followed by the child soil ingestion rate.  

 For chlordane, the child soil ingestion rate and adult exposure duration associated with 

ingestion route of exposure are dominant. However, the order of dominance is reversed 

between the 2 and 3 exposure pathway models.  

 For epichlorohydrin and TCE, the soil volatilization factor dominates, followed by exposure 

duration exposure factor for the age adjusted 3-pathway model.   For the 2-pathway model 

(where inhalation is not included) the child soil ingestion rate and adult exposure duration are 

dominant exposure parameters.  

Concluding observations: The soil volatilization factor is an important exposure parameter for volatile 

organic chemicals and dominates the percent contribution to variance in soil cleanup levels.  For the 

other chemicals, the dominating exposure parameters include some variation in sequence between soil 

ingestion rates, exposure durations, or soil adherence factor. Age adjustments to the models identifies 

where the different exposure parameters dominate.   
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Some conclusions pertaining to the 2 pathway model 

 For arsenic, benzo[a]pyrene, chlordane, epichlorohydrin, and TCE, the dominant exposure 

parameter is the child’s soil ingestion rate for the two concurrent (ingestion + dermal), not age 

adjusted, exposure model.  Also, for benzo[a]pyrene the soil adherence factor and child’s 

exposure duration are exposure parameters that contribute to, but are not dominant exposure 

parameters, the soil cleanup level. 

 For arsenic, chlordane, epichlorohydrin, and TCE the dominant exposure pathways are the 

child’s soil ingestion rate and exposure duration contributing to the soil cleanup level for the 

two concurrent (ingestion + dermal), age adjusted, exposure model.  For benzo[a]pyrene, the 

adult exposure duration for the dermal and ingestion routes of exposure are the two dominant 

exposure parameters followed by the child’s soil ingestion rate. 

Concluding Observations: Although the soil ingestion rate is the dominant exposure parameter 

for the two concurrent exposure pathways models, the exposure parameters are better defined 

for the age adjusted model exposure model with variation in sequence between soil ingestion 

and exposure duration. 

 

Some conclusions pertaining to the 3 pathway model, without age adjustments but using different child 

and adult exposure parameters 

For arsenic, benzo[a]pyrene, and chlordane the dominant exposure parameter is the child’s 

soil ingestion rate for the three concurrent, not age adjusted, child’s exposure model to 

contribute to the soil cleanup level.  For epichlorohydrin and TCE the dominant exposure 

parameters are the soil volatilization factor, soil ingestion rate, and exposure duration that 

contribute to soil cleanup level for the three concurrent, not age adjusted, child’s exposure 

model. 

For arsenic, benzo[a]pyrene, chlordane, epichlorohydrin and TCE the exposure duration is the 

dominant exposure parameter for the three concurrent, not age adjusted, adult’s exposure 

model that contributes to the soil cleanup level.  For epichlorohydrin and TCE the soil 

volatilization factors is the second dominant exposure parameter while for arsenic and 

chlordane the soil ingestion rate is the second dominant exposure parameter and for 

benzo[a]pyrene the soil adherence factor is the second dominant exposure parameter. 

Concluding Observations: Except for the two volatile chemicals epichlorohydrin and TCE, the 

dominant exposure parameter for the three concurrent exposure model using a child’s 

residential exposure pattern (body weight, surface area, soil ingestion rate) remains the soil 

ingestion rate.  For the adult residential exposure pattern, the exposure duration is the 

dominant exposure parameter.  Comparison across the two different 3-concurrent exposure 
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models compared with the age adjusted models shows that age adjustment allows a better 

definition of the different exposure parameters that contributes to the percent variance. 

Appendix D provides tabular observations for the five chemicals evaluated based on the 

following exposure models: 

 Child-Soil Ingestion + Dermal Exposure Model, Modified Method B, Equation; 

 Child-Soil 3 Concurrent Pathway (Ingestion + Dermal + Inhalation), not age adjusted; 

 Child, Adult-Soil Ingestion + Dermal, Age Adjusted; and 

 Child, Adult-Soil Ingestion + Dermal + Inhalation, Age Adjusted. 

Also, Appendix D is divided into 3 sections: 

 Section 1:  Summary of Risk-based Soil Concentration for Single and Concurrent Pathway 

Exposure; 

 Section 2: Risk – Based Soil Concentrations corresponding to Percentiles for a Simulated 

Exposure Distribution; 

 Section 3: Summary of Contributions to Overall Variance for Simulated Distributions. 
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Appendix A: Reasonable Maximum Exposure 

 

Reasonable Maximum Exposure:  The federal Superfund program and the MTCA Cleanup Regulations 

are both designed to protect against high-end, but not worst-case, individual exposure. The reasonable 

maximum exposure (RME) is similarly defined for both the Superfund program and under MTCA.  The 

RME, as defined by EPA, “is the highest exposure that is reasonably expected to occur at a Superfund 

site.” 13 (EPA, 2004, page 102-103)  Under MTCA, the RME “means the highest exposure that can be 

reasonably expected to occur for a human or other living organisms at a site under current and future 

site use.” *WAC 173-340-200]   

The worst-case exposure represents an extreme set of exposure conditions, usually not observed in an 

actual population, which is the maximum possible exposure where everything that can plausibly happen 

to maximize exposure, happens. (U.S. EPA Guidelines For Exposure Assessment, Federal Register Notice, 

Vol. 57, No. 104, May 1992, pages 22888-22938). 

The preamble to the National Contingency Plan further describes the RME will: 

…result in an overall exposure estimate that is conservative but within a realistic range of 

exposure.  Under this policy, EPA defines “reasonable maximum” such that only potential 

exposure that are likely to occur will be included the in the assessment of exposures.  The 

Superfund program has always designed its remedies to be protective of all individuals and 

environmental receptors that may be exposed at a site; consequently, EPA believes it is 

important to include all reasonably expected exposures in its risk assessments… 

 

  

                                                           
13 U.S. Environmental Protection Agency.  An Examination of EPA Risk Assessment Principles and Practices.  

EPA/100/B-04/0001.  March 2004. pages 102-103. 
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Appendix B: Equations Used For Model Development & Example of Model  
 

Equation 1 – Not Age Adjusted, Direct Contact Single Route of Exposure  

 

 

Equation 2– Not Age Adjusted, Two Concurrent Routes of Exposure 

 

 

 

Equation 3– Not Age Adjusted, Three Concurrent Routes of Exposure 
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Equation 4 – Age Adjusted Equation For Ingestion and Dermal Exposure Pathways  

 

 

 

 

 

and 

 

 

Equation 5 – Age Adjusted Equation For Ingestion, Dermal and Inhalation Exposure Pathways  
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Concurrent Exposure Carcinogen Cleanup Level Equation-Unrestricted Soil 

Soil Ingestion Component  Dermal Contact Component  Particulate Inhalation Component 
Risk * AT 

+ 
Risk * AT 

+ 
Risk * AT 

CPFo * AB1 * EF * IFSadj * UCF1 CPFd * ABSd * EF * SFSadj * UCF2 IUR * EF * {1/VFs + 1/PEF } * ED * UCF3 

Final Cleanup Level   =  

1 

1 
PLUS 

1 
PLUS 

1 

Soil Ingestion Component Soil Dermal Contact Component Inhalation Component 

 

Age Adjustment for Exposure to Contaminated Soil 
 

Soil Ingestion Default Exposure Parameters For Age Adjustments - Carcinogens 

Parameter Parameter Definition 

Age Groups 

Child (< 6 years) Adult (<30 Years) 

MTCA EPA MTCA EPA 

ED Exposure Duration, years 6 6 30 30 

SIR Soil Ingestion Rate, mg/day 200 200 50 100 

BW Body weight, kg 16 15 70 70 

Age Adjustments for Soil Ingestion from exposure to carcinogen, IFSadj , mg-year/kg-day 

 Child Adjustment  Adult Adjustment 

IFSadj              = 
ED< 6 * SIR < 6 

BWc 
+ 

(EDresidential - EDchild) * SIRadult 

BWa 

 

 MTCA EPA  

IFSadj           = 9.21E+01 mg-year/kg-day 1.14E+02 mg-year/kg-day  
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Appendix C: Statistical Descriptions For Exposure Assumptions & YASAIw Functional Statements 
 

Child’s Soil Ingestion Rate 

Child's Soil Ingestion Rate (Ages <6 Years) 
Soil Ingestion Rate, Point        

Exposure Estimate For         
Children, <6 Years, mg/day 

Documentation Exposure            
Point Concentration Descriptive Statistic                

Truncated Lognormal 
Soil Ingestion Rate                    

mg/day 

Mean   44.6         
EPA Exp. Factors Handbook, 1997 

Std. Dev.   79.9     200   
Min   0     

 
  

EPA Child Specific Exp Factors 
Handbook, 2002 

Max   1000         

U.S. EPA Rocky Mountain Flats Human Health Risk Assessment. Task 3 
Report and Appendices: Calculation of Surface Radionuclide Soil Action 
Levels for Plutonium, Americium, and Uranium. September 30, 2002. 
Table A-8, page 152 & Page 166. 

The RME point estimate 
recommended for children of 200 
mg/day is approximately the 96th 
percentile of the defined 
distribution. 

Exposure point concentration used 
in MTCA Eqn's 740-1 & 740-2 and 
740-4 

 

YASAI functional statement & argument for the child’s soil ingestion rate: =genlimitlognormalx(reference to cell numbers statistical description 

of child’s soil ingestion rate) 
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Adult Soil Ingestion Rate 

Adult's Soil Ingestion Rate (Ages 7+ Years) 
Soil Ingestion Rate, Point        

Exposure Estimate For         
Children, <6 Years, mg/day 

Documentation Exposure            
Point Concentration Descriptive Statistic                

Truncated Lognormal 
Soil Ingestion Rate                    

mg/day 

Mean 
  63   50 Adult, Industrial EPA Exp. Factors Handbook, 1997 

Std. Dev. 
  42     

 
  

Min   19   100 Adult, Residential EPA Exp. Factors Handbook, 1997 

Max 
  133   

      

U.S. EPA Rocky Mountain Flats Human Health Risk Assessment. Task 3 
Report and Appendices: Calculation of Surface Radionuclide Soil 
Action Levels for Plutonium, Americium, and Uranium. September 30, 
2002. Table A-3, page 142 

50 mg/day exposure point 
concentration used in MTCA Eqn's 
745-1 & 745-2 and 745-4 & 745-5 

  
 

  

  

 

YASAI functional statement for the adult’s soil ingestion rate: =genlimitlognormal (reference to cells numbers for descriptive statistics of adult’s 

soil ingestion rate) 
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Child’s Body Weight Distribution 

Male Child's Body Weight (Ages <6 Years) 

Child's Body Weight, <6 Years, kg Descriptive Statistic                
Truncated Lognormal kg 

Mean   19.8   16 kg Default ABW MTCA Soil CULs Method B 

Std. Dev.   3   MTCA Eqn's 740-1 & 740-2 and 740-4 and 740-5 

Min   15.2     
   

  

Max   27.1   15 kg U.S. EPA       

Adapted From: U.S. EPA Child-Specific Exposure Factors Handbook. 
EPA-600-P-00-002B. September 2002. Table 11-2, page 11-5. 

15 kg Default Body Weight for child is used by U.S. EPA, 
Regions 3, 6 & 9 

 

YASAI functional statement for the male child’s body weight: =genlimitlognormalx(reference to cell for correlated variables & cell numbers 

statistical description of child’s soil ingestion rate) 
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Adult’s Body Weight Distribution 

Male Adult's Body Weight (Ages +7 Years) 

Adult's Body Weight, <6 Years, kg Descriptive Statistic                
Truncated Lognormal kg 

Mean   73.23   

70 kg is the standard Adult BW default used by U.S. EPA & 
MTCA 

Std. Dev.   11.97   

Min   45.94   

Max   119.74   

Adapted From: Oregon Department of Environmental Quality. Guidance 
for Use of Probabilistic Analysis in Human Health Risk Assessment. 
January 1998 Updated November 1998. Table -44, page 3-79, using male 
age group 18-25 years. 

70 kg Default Body Weight for child is used by U.S. EPA, 
Regions 3, 6 & 9; MTCA Eqns 745-1 & 2; Eqns 745-4 & 5 

 

YASAI functional statement for the male child’s body weight: genlimitlognormal (reference to cells numbers for descriptive statistics of male 

adults body weight) 
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Distributional Descriptive Statistics for Total Exposed Skin Surface Area 

Statistic Description 
 Skin Surface Area For Adult Males, cm2 

Total Body Surface Area (SA) 25% of Total Body Surface Area 

Mean 18400 4600 

Std. Deviation 2300 575 

Minimum (Male) 15000 3750 

Maximum (Matle) 23000 5750 

Exposure Factors Source Book.  American Industrial Health Council.  May 1994.  Pages 4.20 - 4.23 

 

YASAIw GENZ functions for generating correlated variables: 

 Child Body Weight, 16 kg, during ages 1-6, =genlimitlognormalx(Reference cell to GenZ, reference to cells numbers for 

descriptive statistics of child’s body weight) 

 Adult Body Weight, 70 kg, + 7 years, =genlimitlognormalx(Reference cell to GenZ, reference to cells numbers for 

descriptive statistics of adult’s body weight) 

 YASAIw cumulative frequency distribution for total body surface area for male children correlated with body weight: 

=gencfdy( reference to cells defining CFD & GenZ functions) 

 YASAIw cumulative frequency distribution for total body surface area for male adults correlated with body weight: 

=gencfdy ( reference to cells defining male SA distribution & GenZ functions) 

Statistical Description For Fraction (%) of Body Surface Area Exposed for Male Children and Adults 
Minimum 0.1 

Most likely 0.2 

Maximum 0.25 
U.S. EPA Exposure Factors Handbook, Volume I, General Factors. August 1997. EPA/600/P-95/002Fa. Page 6-5 

 

YASAw functional statement for exposure distribution for % body surface area exposed based on professional judgment: =genbetapert 

(reference cells to the above min, most likely, max) 
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25% of Total Body Surface Area for Male Children Percentiles, cm², 3<6 years 

Construction of Non-Parametric Distribution Using Cumulative Data for CB Simulations¹ 

Percentile YASAI Format of Body Surface Area Exposed, cm² Males, 3<6 years 

0.05 1490 1540 0.05 

0.1 
0.15 

1540 
1590 

1590 
1622.5 

0.1 
0.15 

0.25 
0.5 

1622.5 
1682.5 

1682.5 
1820 

0.25 
0.5 

0.75 
0.85 

1820 
1962.5 

1962.5 
2042.5 

0.75 
0.85 

0.9 
0.95 

2042.5 
2105 

2105 
2190 

0.9 
0.95 

1 2190 2275 1 
 
Footnote 1: Known corresponding body surface area for a given percentile but not the descriptive statistics to define the distribution. 
 

 YASAI GenCFD Format, From Above  

%ile Value 

0 1490 

0.05 1540 

0.1 1590 

0.15 1622.5 

0.25 1682.5 

0.5 1820 

0.75 1962.5 

0.85 2042.5 

0.9 2105 

0.95 2190 

1 2275 
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100% of Total Body Surface Area for Male Children Percentiles, cm², 3<6 years 

Construction of Non-Parametric Distribution Using Cumulative Data for CB Simulations¹ 

Percentile YASAI Format of Body Surface Area Exposed, cm² Males, 3<6 years 

0.05 5960 6160 0.05 

0.1 
0.15 

6160 
6360 

6360 
6490 

0.1 
0.15 

0.25 
0.5 

6490 
6730 

6730 
7280 

0.25 
0.5 

0.75 
0.85 

7280 
7850 

7850 
8170 

0.75 
0.85 

0.9 
0.95 

8170 
8420 

8420 
8760 

0.9 
0.95 

1 8760 9100 1 
 
Footnote 1: Known corresponding body surface area for a given percentile but not the descriptive statistics to define the distribution. 
 

 YASAI GenCFD Format, From Above  

%ile Value 

0 5960 

0.05 6160 

0.1 6360 

0.15 6490 

0.25 6730 

0.5 7280 

0.75 7850 

0.85 8170 

0.9 8420 

0.95 8760 

1 9100 
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Adult Residential Exposure Duration 

Descriptive Statistics for Exposure Duration Distribution 

Distribution Descriptive Statistics 

Truncated Lognormal     
for Adults 

Mean 12.6 years 
Std Dev 16.2 years 

  
 

  Minimum 1 years 
  

 
  Maximum 87 years 

U.S. EPA. Rock Mountain Flats Human Health Risk Assessment. Task 3 
Report and Appendices. Sept 30, 2002. Table 4-5. 

YASAI functional statement & argument for the adult residential exposure duration: =genlimitlognormal (reference to cell numbers of descriptive statistics) 

Child Residential Exposure Duration 

 Descriptive Statistics for Exposure Duration Distribution 
Distribution Descriptive Statistics 

YASAIw GENBETAPERT Min 1 years 

Professional Judgement for 

Child's Resid. Expos. Duration 

Most Likely 3.5 years 
Max  6 years 
Opt. Wt 4   

U.S. EPA. Rock Mountain Flats Human Health Risk Assessment. 
Task 3 Report and Appendices. Sept 30, 2002. Appendix C, 
Table C-3, page 254. 
YASAI functional statement & argument for the child’s residential exposure duration: = genbetapert(reference to cell numbers of descriptive statistics) 
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 Descriptive Statistics for VFs Distribution 
  Mean 6.49E+04 m³/kg 
  Std Dev 2.72E+05 m³/kg 
  Min 9.50E+03 m³/kg 
  Max 2.90E+06 m³/kg 
Obtained From Spreadsheet VFs Factors 
For Soils, limited (130) chemicals that 
distribution drawn from 
YASAI functional statement for the soil volatilization factor: =genlimitlognormal (cell numbers for descriptive statistics 
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Appendix D: Preliminary Observations/Trends YASAIw.xla Results 

 

Section 1:  Summary of Risk-Based Soil Concentrations for Single and Concurrent Pathway Exposure 

 

 
Interpretational Note: Interpretation of percentiles relative to cleanup levels, 5 % indicates that there is a 95% probability that the cleanup level 

is protective of human health; a 5% probability the cleanup level will not be protective of human health. 

 

Arsenic

Level Rel. % Level Rel. % Level Rel. %

6.67E-01 100 6.67E-01

6.67E-01 9.77E+01 2.88E+01 2.26E+00 N/A N/A 6.52E-01

6.67E-01 9.77E+01 2.88E+01 2.26E+00 3.84E+03 1.70E-02 6.51E-01

5.43E+01 9.63E+01 1.41E+01 3.70E+00 N/A N/A 5.23E-01

5.43E+01 9.63E+01 1.41E+01 3.70E+00 3.84E+03 1.36E-02 5.23E-01

Child - Soil Ingestion Pathway 

Only (Meth. B, 740-2)

Child - Soil Ingestion + Dermal 

(Modified Meth B, 740-5)

Dermal Component
Final Soil CUL

Child, Adult-Soil Ingestion + 

Dermal + Inhal, Age Adjusted

Expsoure Model CUL

Summary of Risk-Based Soil Concentration For Single and Concurrent Pathway Exposure (mg/kg)

Inhalation ComponentIngestion Component

Child -  Soil 3 Concurrent 

Pathway, Not Age Adjusted

Child, Adult-Soil Ingestion + 

Dermal, Age Adjusted
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Benzo[a]pyrene

Level Rel. % Level Rel. % Level Rel. %

1.37E-01 100 1.37E-01

1.37E-01 7.57E+01 4.26E-01 2.43E+01 N/A N/A 1.04E-01

1.37E-01 7.57E+01 4.26E-01 2.43E+01 1.50E+04 6.91E-04 1.04E-01

1.12E-01 6.52E+01 2.09E-01 3.48E+01 N/A N/A 7.28E-02

1.12E-01 6.52E+01 2.09E-01 3.48E+01 1.50E+04 0.00E+00 7.28E-02

Child - Soil Ingestion + Dermal 

(Modified Meth B, 740-5)

Child -  Soil 3 Concurrent 

Pathway, Not Age Adjusted

Child, Adult-Soil Ingestion + 

Dermal, Age Adjusted

Child, Adult-Soil Ingestion + 

Dermal + Inhal, Age Adjusted

Summary of Risk-Based Soil Concentration For Single and Concurrent Pathway Exposure (mg/kg)

Child - Soil Ingestion Pathway 

Only (Meth. B, 740-2)

Final Soil CULExpsoure Model CUL
Ingestion Component Dermal Component Inhalation Component

Chlordane

Level Rel. % Level Rel. % Level Rel. %

2.86E+00 100 2.86E+00

2.86E+00 9.01E+01 2.59E+01 9.92E+00 N/A N/A 2.57E+00

2.86E+00 9.01E+01 2.59E+01 9.92E+00 1.65E+05 1.56E-03 2.57E+00

2.33E+00 8.45E+01 1.27E+01 1.55E+01 N/A N/A 1.97E+00

2.33E+00 8.45E+01 1.27E+01 1.55E+01 1.65E+05 1.19E-03 1.97E+00

Summary of Risk-Based Soil Concentration For Single and Concurrent Pathway Exposure (mg/kg)

Expsoure Model CUL
Ingestion Component Dermal Component Inhalation Component

Final Soil CUL

Child - Soil Ingestion Pathway 

Only (Meth. B, 740-2)

Child - Soil Ingestion + Dermal 

(Modified Meth B, 740-5)

Child -  Soil 3 Concurrent 

Pathway, Not Age Adjusted

Child, Adult-Soil Ingestion + 

Dermal, Age Adjusted

Child, Adult-Soil Ingestion + 

Dermal + Inhal, Age Adjusted
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Epichlorohydrin

Level Rel. % Level Rel. % Level Rel. %

1.01E+02 100 1.01E+02

1.01E+02 9.24E+01 1.22E+03 7.64E+00 N/A N/A 9.33E+01

1.01E+02 6.17E+01 1.22E+03 5.10E+01 1.87E+02 3.32E+01 6.23E+01

8.23E+01 8.79E+01 6.00E+02 1.21E+01 N/A N/A 7.24E+01

8.23E+01 6.34E+01 6.00E+02 8.71E+00 1.87E+02 2.79E+01 5.22E+00

Summary of Risk-Based Soil Concentration For Single and Concurrent Pathway Exposure (mg/kg)

Final Soil CULExpsoure Model CUL
Ingestion Component Dermal Component Inhalation Component

Child - Soil Ingestion Pathway 

Only (Meth. B, 740-2)

Child - Soil Ingestion + Dermal 

(Modified Meth B, 740-5)

Child -  Soil 3 Concurrent 

Pathway, Not Age Adjusted

Child, Adult-Soil Ingestion + 

Dermal, Age Adjusted

Child, Adult-Soil Ingestion + 

Dermal + Inhal, Age Adjusted

Trichloroethylene (TCE)

Level Rel. % Level Rel. % Level Rel. %

1.12E+01 100 1.12E+01

1.12E+01 9.24E+01 1.37E+02 7.61E+00 N/A N/A 1.04E+01

1.12E+01 1.21E+01 1.37E+02 9.95E-01 1.56E+00 8.69E+01 1.36+00

9.16E+00 8.80E+01 6.70E+01 1.20E+01 N/A N/A 8.06E+00

9.16E+00 1.43E+01 6.70E+01 1.95E+00 1.56E+00 8.38E+01 1.31E+00

Summary of Risk-Based Soil Concentration For Single and Concurrent Pathway Exposure (mg/kg)

Final Soil CULExpsoure Model CUL
Ingestion Component Dermal Component Inhalation Component

Child - Soil Ingestion Pathway 

Only (Meth. B, 740-2)

Child - Soil Ingestion + Dermal 

(Modified Meth B, 740-5)

Child -  Soil 3 Concurrent 

Pathway, Not Age Adjusted

Child, Adult-Soil Ingestion + 

Dermal, Age Adjusted

Child, Adult-Soil Ingestion + 

Dermal + Inhal, Age Adjusted



MTCA Science Advisory Board                                                                                                                              June 2009                                                                                                                                                                                                                                                             
Consideration of Concurrent Exposure Pathways 

 

35 
 

Section 2: Risk – Based Soil Concentrations Corresponding to Percentiles for a Simulated Exposure Distribution 

 

 

 

Arsenic

1% 5% 10%

No Calculation 6.67E-01 6.67E-01

Performed Single Ing. Pathway Single Ing. Pathway

2.02E+01 7.15E-01 1.67E+00 2.60E+00 6.52E-01 <1% 6.52E-01 <1%

2.05E+01 7.71E-01 1.74E+00 2.69E+00 6.51E-01 <1% 6.52E-01 <1%

7.64E+00 5.95E-01 1.05E+00 1.47E+00 5.23E-01 <1% 6.52E-01 <1%

7.82E+00 5.70E-01 1.08E+00 1.48E+00 5.23E-01 <1% 6.52E-01 <1%

Mean
Percentiles Risk Based CUL Point 

Estimate

Point Estimate 

Percentile

Child -  Soil 3 Concurrent 

Pathway, Not Age Adjusted

Child, Adult-Soil Ingestion + 

Dermal, Age Adjusted

Child, Adult-Soil Ingestion + 

Dermal + Inhal, Age Adjusted

Risk-Based Soil Concentrations Corresponding to Percentiles for a Simulated Exposure Distribution (mg/kg)

Modified Method B 

Soil Cleanup Level

Percentile For 

Method B
Expsoure Model

Child - Soil Ingestion Pathway 

Only (Meth. B, 740-2)

Child - Soil Ingestion + Dermal 

(Modified Meth B, 740-5)

Benzo[a]pyrene

1% 5% 10%

No Calculation 1.37E-01 1.37E-01

Performed Single Ing. Pathway Single Ing. Pathway

1.50E+00 1.37E-01 2.82E-01 3.96E-01 1.04E-01 <1% 1.04E-01 <1%

1.50E+00 1.45E-01 2.93E-01 4.00E-01 1.04E-01 <1% 1.04E-01 <1%

6.18E-01 8.30E-02 1.40E-01 1.81E-01 7.28E-02 <1% 1.04E-01 <5%

6.21E-01 8.10E-02 1.36E-01 1.85E-01 7.28E-02 <1% 1.04E-01 <5%

Child -  Soil 3 Concurrent 

Pathway, Not Age Adjusted

Child, Adult-Soil Ingestion + 

Dermal, Age Adjusted

Child, Adult-Soil Ingestion + 

Dermal + Inhal, Age Adjusted

Child - Soil Ingestion + Dermal 

(Modified Meth B, 740-5)

Risk Based CUL Point 

Estimate

Point Estimate 

Percentile

Child - Soil Ingestion Pathway 

Only (Meth. B, 740-2)

Risk-Based Soil Concentrations Corresponding to Percentiles for a Simulated Exposure Distribution (mg/kg)

Expsoure Model Mean
Percentiles Modified Method B 

Soil Cleanup Level

Percentile For 

Method B
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Chlordane

1% 5% 10%

No Calculation 2.86E+00 2.86E+00

Performed Single Ing. Pathway Single Ing. Pathway

5.32E+01 2.98E+00 6.81E+00 1.03E+01 2.57E+00 <1% 2.57E+00 <1%

5.35E+01 3.24E+00 7.11E+00 1.05E+01 2.57E+00 <1% 2.57E+00 <1%

2.08E+01 2.42E+00 3.96E+00 5.40E+00 1.97E+00 <1% 2.57E+00 <5%

2.12E+01 2.30E+00 4.09E+00 5.47E+00 1.97E+00 <1% 2.57E+00 <5%Child, Adult-Soil Ingestion + 

Dermal + Inhal, Age Adjusted

Risk-Based Soil Concentrations Corresponding to Percentiles for a Simulated Exposure Distribution (mg/kg)

Expsoure Model Mean
Percentiles Risk Based CUL Point 

Estimate

Point Estimate 

Percentile

Modified Method B 

Soil Cleanup Level

Percentile For 

Method B

Child - Soil Ingestion Pathway 

Only (Meth. B, 740-2)

Child - Soil Ingestion + Dermal 

(Modified Meth B, 740-5)

Child -  Soil 3 Concurrent 

Pathway, Not Age Adjusted

Child, Adult-Soil Ingestion + 

Dermal, Age Adjusted

Epichlorohydrin

1% 5% 10%

No Calculation 1.01E+02 1.01E+02

Performed Single Ing. Pathway Single Ing. Pathway

2.10E+03 1.06E+02 2.45E+02 3.73E+02

9.33E+01 <1% 9.33E+01 <1%

5.90E+02 8.72E+01 1.32E+02 1.60E+02

6.23E+01 <1% 9.33E+01 <1%

8.18E+02 8.80E+01 1.48E+02 2.01E+02

7.24E+01 <1% 9.33E+01 <5%

2.35E+02 1.83E+01 3.45E+01 4.95E+01 >10%

5.22E+01 9.33E+01 >10%

Risk-Based Soil Concentrations Corresponding to Percentiles for a Simulated Exposure Distribution (mg/kg)

Expsoure Model Mean
Percentiles Risk Based CUL Point 

Estimate

Point Estimate 

Percentile

Modified Method B 

Soil Cleanup Level

Percentile For 

Method B

Child - Soil Ingestion Pathway 

Only (Meth. B, 740-2)

Child - Soil Ingestion + Dermal 

(Modified Meth B, 740-5)

Child -  Soil 3 Concurrent 

Pathway, Not Age Adjusted

Child, Adult-Soil Ingestion + 

Dermal, Age Adjusted

Child, Adult-Soil Ingestion + 

Dermal + Inhal, Age Adjusted
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Section 3: Summary of Contributions to Overall Variance for Simulated Distributions 

 

 
 

Trichloroethylene (TCE)

1% 5% 10%

No Calculation 1.12E+01 1.12E+01

Performed Single Ing. Pathway Single Ing. Pathway

1.18E+01 2.72E+01 4.15E+01 <1%

1.04E+01 1.04E+01 <1%

4.30E+01 6.70E+00 9.00E+00 1.09E+01

1.36E+00 <1% 1.04E+01 <5%

9.10E+01 9.79E+00 1.65E+01 2.24E+01

8.06E+00 <1% 1.04E+01 <5%

1.87E+01 1.09E+00 2.14E+00 3.25E+00 1.31E+00 <5% 1.04E+01 <1%

Percentile For 

Method B

Child - Soil Ingestion Pathway 

Only (Meth. B, 740-2)

Child - Soil Ingestion + Dermal 

(Modified Meth B, 740-5)

Child -  Soil 3 Concurrent 

Pathway, Not Age Adjusted

Child, Adult-Soil Ingestion + 

Dermal, Age Adjusted

Risk Based CUL Point 

Estimate

Point Estimate 

Percentile

Modified Method B 

Soil Cleanup Level

Child, Adult-Soil Ingestion + 

Dermal + Inhal, Age Adjusted

2.34E+02

Expsoure Model Mean
Percentiles

Risk-Based Soil Concentrations Corresponding to Percentiles for a Simulated Exposure Distribution (mg/kg)

Arsenic

No Calculation

Performed

90% N/A ~6% N/A <1% N/A >1%

91% ~6% <1% >1%

47% 5% <1% 46% <1% <1% <1%

45% 4% <1% 49% <1% <1% <1%

Child, Adult-Soil Ingestion + 

Dermal, Age Adjusted

Child, Adult-Soil Ingestion + 

Dermal + Inhal, Age Adjusted

Child Soil           

Ingestion Rate

Adult Soil           

Ingestion Rate

Child Exposure           

Duration

Child -  Soil 3 Concurrent 

Pathway, Not Age Adjusted

Adult Exposure           

Duration

Summary of Contributions to Overall Variance for Simulated Distributions (%)

Expsoure Model

Child - Soil Ingestion Pathway 

Only (Meth. B, 740-2)

Child - Soil Ingestion + Dermal 

(Modified Meth B, 740-5)

Child Adherence 

Factor

Adult Adherence 

Factor

Body 

Weight
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Benzo[a]pyrene

No Calculation

Performed

61% N/A 13% N/A 21% N/A >1%

59% N/A 14% N/A 22% N/A >1%

25% 3% 1% 55% 8% 6% <1%

24% 2% 1% 56% 8% 8% <1%

Summary of Contributions to Overall Variance for Simulated Distributions (%)

Expsoure Model
Child Soil           

Ingestion Rate

Adult Soil           

Ingestion Rate

Child Exposure           

Duration

Adult Exposure           

Duration

Child Adherence 

Factor

Adult Adherence 

Factor

Body 

Weight

Child - Soil Ingestion Pathway 

Only (Meth. B, 740-2)

Child - Soil Ingestion + Dermal 

(Modified Meth B, 740-5)

Child -  Soil 3 Concurrent 

Pathway, Not Age Adjusted

Child, Adult-Soil Ingestion + 

Dermal, Age Adjusted

Child, Adult-Soil Ingestion + 

Dermal + Inhal, Age Adjusted

Chlordane

No Calculation

Performed

81% N/A 9% N/A 6% N/A >1%

82% N/A 10% N/A 6% N/A >1%

40% 5% <1% 50% 2% 2% <1%

38% 3% <1% 51% 2% 3% <1%Child, Adult-Soil Ingestion + 

Dermal + Inhal, Age Adjusted

Adult Adherence 

Factor

Body 

Weight

Child - Soil Ingestion Pathway 

Only (Meth. B, 740-2)

Child - Soil Ingestion + Dermal 

(Modified Meth B, 740-5)

Child -  Soil 3 Concurrent 

Pathway, Not Age Adjusted

Adult Exposure           

Duration

Child Adherence 

Factor

Child, Adult-Soil Ingestion + 

Dermal, Age Adjusted

Expsoure Model
Child Soil           

Ingestion Rate

Adult Soil           

Ingestion Rate

Child Exposure           

Duration

Summary of Contributions to Overall Variance for Simulated Distributions (%)
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Epichlorohydrin

VF Adult 

SIR

No Calculation

Performed

85% N/A N/A 8% N/A 4% N/A >1%

20% 66% 14% N/A <1% N/A <1%

42% N/A 5% N/A 48% 2% 2% <1%

5% 55% >1% <1% 49% <1% <1% <1%

Summary of Contributions to Overall Variance for Simulated Distributions (%)

Expsoure Model
Child Soil           

Ingestion Rate

Child Exposure           

Duration

Adult Exposure           

Duration

Child Adherence 

Factor

Adult Adherence 

Factor

Body 

Weight

Child - Soil Ingestion Pathway 

Only (Meth. B, 740-2)

Child - Soil Ingestion + Dermal 

(Modified Meth B, 740-5)

Child -  Soil 3 Concurrent 

Pathway, Not Age Adjusted

Child, Adult-Soil Ingestion + 

Dermal, Age Adjusted

Child, Adult-Soil Ingestion + 

Dermal + Inhal, Age Adjusted

Trichloroethylene (TCE)

VF Adult 

SIR

No Calculation

Performed

85% N/A N/A 8% N/A 4% N/A >1%

9% 78% 12% <1% <1%

42% N/A 5% <1% 50% 1% 2% <1%

2% 59% <1% <1% 37% <1% <1% <1%Child, Adult-Soil Ingestion + 

Dermal + Inhal, Age Adjusted

Adult Adherence 

Factor

Body 

Weight

Child - Soil Ingestion Pathway 

Only (Meth. B, 740-2)

Child - Soil Ingestion + Dermal 

(Modified Meth B, 740-5)

Child -  Soil 3 Concurrent 

Pathway, Not Age Adjusted

Child, Adult-Soil Ingestion + 

Dermal, Age Adjusted

Expsoure Model
Child Soil           

Ingestion Rate

Child Exposure           

Duration

Adult Exposure           

Duration

Child Adherence 

Factor

Summary of Contributions to Overall Variance for Simulated Distributions (%)
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Appendix E: % Contribution to Variance & Models Used 

 

Age Adjusted 3-Concurrent Exposure Pathways 
% Contribution to Variance for Soil Risk Based Cleanup Levels 

 

 

Mathematical Model 

 

 

 

 

 



MTCA Science Advisory Board                                                                                                                              June 2009                                                                                                                                                                                                                                                             
Consideration of Concurrent Exposure Pathways 

 

45 
 

 



MTCA Science Advisory Board                                                                                                                              June 2009                                                                                                                                                                                                                                                             
Consideration of Concurrent Exposure Pathways 

 

46 
 

 

 

 

 

 



MTCA Science Advisory Board                                                                                                                              June 2009                                                                                                                                                                                                                                                             
Consideration of Concurrent Exposure Pathways 

 

47 
 

 

 



MTCA Science Advisory Board                                                                                                                              June 2009                                                                                                                                                                                                                                                             
Consideration of Concurrent Exposure Pathways 

 

48 
 

 

 

 



MTCA Science Advisory Board                                                                                                                              June 2009                                                                                                                                                                                                                                                             
Consideration of Concurrent Exposure Pathways 

 

49 
 

 



MTCA Science Advisory Board                                                                                                                              June 2009                                                                                                                                                                                                                                                             
Consideration of Concurrent Exposure Pathways 

 

50 
 

 

 



MTCA Science Advisory Board                                                                                                                              June 2009                                                                                                                                                                                                                                                             
Consideration of Concurrent Exposure Pathways 

 

51 
 

 



MTCA Science Advisory Board                                                                                                                              June 2009                                                                                                                                                                                                                                                             
Consideration of Concurrent Exposure Pathways 

 

52 
 

 

 

 



MTCA Science Advisory Board                                                                                                                              June 2009                                                                                                                                                                                                                                                             
Consideration of Concurrent Exposure Pathways 

 

53 
 

 



MTCA Science Advisory Board                                                                                                                              June 2009                                                                                                                                                                                                                                                             
Consideration of Concurrent Exposure Pathways 

 

54 
 

 

 

 

 

 

 

 

 

 



MTCA Science Advisory Board                                                                                                                              June 2009                                                                                                                                                                                                                                                             
Consideration of Concurrent Exposure Pathways 

 

55 
 

Age Adjusted 2-Concurrent Exposure Pathways  
% Contribution to Variance for Soil Risk Based Cleanup Levels 

 

Mathematical Model 
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2-Concurrent Exposure Pathways - Not Age Adjusted - Child Exposure 
% Contribution to Variance for Soil Risk Based Cleanup Levels 

 

Mathematical Model 
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2-Concurrent Exposure Pathways - Not Age Adjusted - Adult Exposure 
% Contribution to Variance for Soil Risk Based Cleanup Levels 

 

Mathematical Model 
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3-Concurrent Exposure Pathways - Not Age Adjusted - Child Exposure 
% Contribution to Variance for Soil Risk Based Cleanup Levels 

 

Mathematical Model 
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3-Concurrent Exposure Pathways - Not Age Adjusted - Adult Exposure 
% Contribution to Variance for Soil Risk Based Cleanup Levels 

 

Mathematical Model 
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Appendix F: Percentiles for Exposure Assumptions 
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Soil Ingestion Rate, SIR, Point Estimate 200 mg/day 

                  > 95th %   

                  < 99 %   

           Exposure Duration, Child, Point Estimate 6 years 

                    > 99th % 

                      

           Fraction of Body Surface Area  Exposed, 25% 

                    100% 

                      

           Child's Average Body Weight, ABWc, 16 kg 

      > 5th %ile               

      < 10th %ile               

  
   

      Arsenic Modified Soil Cleanup Level, Ingestion + Dermal, 6.52E-01mg/kg 

  <1% less than 1% of the distribution has a greater cleanup level   
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Soil Dermal Adherence Factor, 0.2 mg/cm2-day 

              <90th%ile       

              >75th %ile       

           Adult Average Body Weight, BWa, for Ingestion & Dermal Pathways, 70 kg 

          <50th %ile           

          >25th %ile           

           Child's Average Body Weight, BWc, for Ingestion & Dermal Pathways, 16 kg 

      <10th %ile               

      >5th %ile               

           Adult Exposure Duration, EDa, for Ingestion & Dermal Pathways, 30 years 

                <95th %ile     

                >90th%ile     

           Child Exposure Duration, EDc, for Ingestion & Dermal Pathways, 6 years 

                    >99th%ile 

                      

           Fraction of Body Surface Area Exposed, SAfrac, 25% 

                    >99th%ile 

                      

            
 
 

          



MTCA Science Advisory Board                                                                                                                              June 2009                                                                                                                                                                                                                                                             
Consideration of Concurrent Exposure Pathways 

 

89 
 

Adult Soil Ingestion Rate, SIRa, 50 mg/day 

          <50th %ile           

          >25th %ile           

           Child's Soil Ingestion Rate, SIRa,200 mg/day 

                  < 99th%ile   

                  >95th%ile   

           Arsenic Modified Soil Cleanup Level, Ingestion + Dermal, 6.52E-01mg/kg 

  <5% less than 5% of the distribution has a higher cleanup level   
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Adult's Average Body Weight, ABW, 70 kg 

          <50th %ile           

          >25th %ile           

           Dermal Adherence Factor, 0.2 mg/cm2-day 

              <90th%ile       

              >75th %ile       

           Adult Exposure Duration, EDa, 30 years 

                <95th %ile     

                >90th%ile     

           Fraction of Body Surface Area Exposed, Safrac, 25% 

                    >99th%ile 

                      

           Adult Soil Ingestion Rate, SIRa, 50 mg/day 

          <50th %ile           

          >25th %ile           

           Arsenic Modified Soil Cleanup Level, Ingestion + Dermal, 6.52E-01mg/kg 

  <1% less than 1% of the distribution has a higher cleanup level   
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Child's Average Body Weight, ABW, 16 kg 

      <10th %ile               

      >5th %ile               

           Dermal Adherence Factor, 0.2 mg/cm2-day 

              <90th%ile       

              >75th %ile       

           Arsenic Modified Soil Cleanup Level, Ingestion + Dermal, 6.52E-01mg/kg 

  <1% less than 1% of the distribution has a higher cleanup level   

                      

           Child Exposure Duration, EDc, 6 years 

                    >99th %ile 

                      

           Fraction of Body Surface Area Exposed, Safrac, 25% 

                    >99th %ile 

                      

           Child Soil Ingestion Rate, SIR, 200 mg/day 

                >95th %ile     

                <99th %ile     
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Adult Soil Ingestion Rate, SIRa, Point Estimate 50 mg/day 

          <50%ile           

          >25%ile           

           Exposure Duration, Adult, Point Estimate 30 years 

              <95th%ile       

              >90th%ile       

           Fraction of Body Surface Area  Exposed, 25% 

                  >99thile   

                      

           Adult Average Body Weight, ABW, 70 kg 

          <50%ile           

          >25%ile           

  
   

      Arsenic Modified Soil Cleanup Level, Ingestion + Dermal, 6.52E-01mg/kg 

  <1% less than 1% of the distribution has a higher cleanup level   
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Soil Dermal Adherence Factor, 0.2 mg/cm2-day 

              <90th%ile       

              >75th %ile       

           Adult Average Body Weight, BWa, for Ingestion & Dermal Pathways, 70 kg 

          <50th %ile           

          >25th %ile           

           Child's Average Body Weight, BWc, for Ingestion & Dermal Pathways, 16 kg 

      <10th %ile               

      >5th %ile               

           Adult Exposure Duration, EDa, for Ingestion, Dermal, & Inhalation Pathways, 30 years 

                <95th %ile     

                >90th%ile     

           Child Exposure Duration, EDc, for Ingestion, Dermal, & Inhalation Pathways, 6 years 

                    >99th%ile 

                      

           Fraction of Body Surface Area Exposed, SAfrac, 25% 

                    >99th%ile 

                      

           Adult Soil Ingestion Rate, SIRa, 50 mg/day 

          <50th %ile           

          >25th %ile           
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Child's Soil Ingestion Rate, SIRa,200 mg/day 

                  < 99th%ile   

                  >95th%ile   

           Arsenic Modified Soil Cleanup Level, Ingestion + Dermal, 6.52E-01mg/kg 

  <5% less than 5% of the distribution has a higher cleanup level   

                      

 

 

 


