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Summary 
Ecology developed the MTCA Method A soil cleanup standard for lead (250 mg/kg) when the 
initial cleanup standards were published in 1991.  This standard is applicable to all types of land 
uses including current and potential future residential properties, schools, parks and other areas 
where young children may be present on a regular basis.  Ecology reviewed the Method A 
standard for lead during the 2001 rule revision process, but elected not to revise it.   

There have been numerous scientific and regulatory developments since the 2001 rule revisions.  
Given those developments, Ecology is now faced with the following regulatory question:   

What revisions to the Method A cleanup levels for lead (if any) are needed, given: 

• Current scientific information on adverse effects at blood lead concentrations below 10 
ug/dL and the inability to identify a threshold for adverse effects 

• Uncertainty and variability in soil-related exposures and the contribution of non-soil 
lead exposures to overall lead exposure 

• Current methods and policies used to establish MTCA soil cleanup levels and 
comparisons to approaches used by other state and federal agencies  

• Current state and federal policies on preventing lead exposure   
• Incremental implementation costs and benefits associated with a revised standard.   

Ecology has reached several initial conclusions after reviewing the current scientific and 
regulatory information:  

Need for Revisions to MTCA Cleanup Levels for Lead:  Ecology believes it is appropriate to 
consider revisions to the MTCA cleanup level in light of the extensive scientific and regulatory 
developments since the 2001 rule revisions.  The rationale for this conclusion includes:   

• Scientific Information on Health Risks:  Over the last 10 years, researchers have 
completed studies identifying adverse health effects at blood lead levels below10 ug/dL 
Several expert scientific committees have reviewed these studies.  A general consensus 
has emerged that exposure below 10 ug/dL is harmful to human health and that scientists 
are unable to identify a safe level of exposure.   

• Lead Exposure Models:  The Environmental Protection Agency updated the Integrated 
Exposure Uptake and Biokinetic (IEUBK) Model and the Adult Lead Model in 2009.  The 
model revisions incorporate new information on blood lead concentrations in the United 
States and lead exposure associated with the national food supply.   

• Regulatory Policies:  EPA has adopted a new National Ambient Air Quality Standard 
(NAAQS) that takes into account current information lead health risks.  The Centers for 
Disease Control and Prevention (CDCP) has established policies that emphasize measures 
for preventing elevated lead exposure.  Ecology and the Washington Department of Health 
(DOH) have prioritized actions to reduce lead exposure and developed a comprehensive 
action plan that includes updating the MTCA cleanup standards:    

Revisions to Method A Soil Cleanup Level for Unrestricted Site Uses:  Ecology believes there are 
scientific and policy reasons to support a revised standard between 100 - 150 mg/kg:      

• Scientific Information on Health Risks:  This revised standard would be consistent with 
current information on health risks in children with blood lead levels below 10 ugdL. 

• Policies on Preventing Lead Exposure:  The revised standard would be consistent with 
state and federal policies that emphasize measures to prevent lead exposure.   
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• MTCA Risk Policies:  This revised standard would be consistent with the health protection 
policies underlying the MTCA rule.   

• Statutory Requirements:  This revised standard would comply with the MTCA 
requirement that cleanup standards be at least as stringent as the federal cleanup 
standards and requirements in other applicable environmental laws and rules. 

• Requirements in Other States:  Cleanup standards developed by other state agencies 
range from 50 to 500 mg/kg.  The revised standard would fall at the protective end of the 
range of other state standards.    

Implications for Soil Cleanup Decisions:   Ecology has overseen numerous cleanup actions at 
where there are elevated levels of both lead and arsenic (e.g., areas on or adjacent to former 
smelters, former orchard lands).  At these sites, it does not appear that lowering the lead 
standard to 100 mg/kg would cause significant changes in the area and volume of contaminated 
soils.   However, there are other types of situations where lead is the primary contaminant e.g., 
areas adjacent to highways and well-traveled roads, properties with older buildings, and 
shooting ranges).  Ecology is still evaluating how a revised standard might affect cleanup 
requirements in these situations.   Rule implementation issues include use of the IEUBK model 
to establish site-specific cleanup levels (including site-specific flexibility), model remedies and 
sampling protocols.  

Implications for Revisions to Cleanup Levels for Other Environmental Media:  Ecology is also 
considering how the scientific information and policy choices reflected in the draft revisions to 
the soil cleanup level for residential might affect cleanup standards for other media.   

• Air Cleanup Levels:  In November 2008, EPA published revisions to the primary and 
secondary National Ambient Air Quality Standards (NAAQS) for lead.  In the final rule, 
EPA elected to lower the primary standard from1.5 ug/m3 to 0.15 μg/m3.  The NAAQS 
for lead is an “applicable state and federal law.”  However, there are several issues 
related to measuring compliance with this standard at individual cleanup sites.   

• Groundwater Cleanup Levels:  Ecology adopted the current MTCA Method A ground 
water cleanup standard (15 ug/L) in 2001.  This value is based on the Maximum 
Contaminant Level (MCL) that is part of the state and federal drinking water standards.   
Risk-based ground water cleanup levels that reflect different technical and policy choices 
range from 3 to 38 ug/dL. Ground water cleanup standards developed by other states 
range from 4 to 15 ug/dL. 

• Sediment Cleanup Levels Based on Human Health Protection:  The MTCA and Sediment 
Management Standards (SMS) rules include narrative standards for human health 
protection.  Site-specific decisions consider exposure via the bioaccumulation and direct 
contact pathways.  Sediment cleanup actions for nearshore/beach areas typically consider 
the direct contact pathway (soil ingestion and dermal exposure). 

• Soil Cleanup Levels for Industrial Properties:  Ecology adopted the current Method A 
value (1,000 mg/kg) in 1991.  Most states currently use the Adult Lead Model to 
establish soil cleanup levels for industrial properties.  Risk-based soil cleanup levels for 
industrial properties that reflect different technical and policy choices range from 200 – 
2900 mg/kg.  Cleanup standards or guidelines developed by other state agencies range 
from 320 to 1,400 mg/kg.   
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Glossary of Acronyms Used in This Document  

ACCLPP Advisory Committee on Childhood Lead Poisoning Prevention 
ALM Adult Lead Model 

ATSDR Agency for Toxics Substances and Disease Registry 

CASAC Clean Air Science Advisory Committee 

CDC Centers for Disease Control and Prevention (formerly Centers for Disease 
Control) 

DOH Washington Department of Health 

EPA U.S. Environmental Protection Agency 

GSD Geometric Standard Deviation1

IEUBK 
    

Integrated Exposure Uptake Biokinetic Model  

MCL Maximum Contaminant Level 

MCLG Maximum Contaminant Level Goal 

MTCA Model Toxics Control Act 

NAAQS National Ambient Air Quality Standard  

OEHHA Office of Environmental Health Hazard Assessment 

Px Probability of exceeding a specific blood lead level (identified as a subscript)2

PHG 

.  

California Public Health Goal for Drinking Water 

RME Reasonable Maximum Exposure 

SAB Model Toxics Control Act Science Advisory Board 

SMS Sediment Management Standards (Chapter 173-204 WAC) 

WHO World Health Organization 

  

  

  

                                                 
1 This is an input parameter for both the IEUBK and Adult Lead Models.   The GSD is a measure of variability 
that is intended to take into account several factors that cause different children or adults to have different blood 
levels when they are exposed to similar concentrations of lead. 
2 For example, P10 refers to the probability of exceeding a blood lead concentration of 10 ug/dL; P5 refers to the 
probability of exceeding a blood lead concentration of 5 ug/dL; etc 
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1.  Introduction 
Purpose of the Discussion Materials 

The purpose of this document is to support discussions on the current Method A cleanup 
standards for lead and options for updating those standards.  Ecology will consider the results 
of these discussions when deciding whether and how to proceed on this issue.    

Regulatory Question 

Ecology developed the MTCA Method A soil cleanup standard for lead (250 mg/kg) when the 
initial cleanup standards were published in 1991.  This standard is applicable to all types of land 
uses including current and potential future residential properties, schools, parks and other areas 
where young children may be present on a regular basis.  Ecology reviewed the Method A 
standard for lead during the 2001 rule revision process but elected not to revise it.   

There have been numerous scientific and regulatory developments since the 2001 rule revisions.  
Ecology is now evaluating this information.  The department will use the evaluation results to 
help answer the following regulatory question:   

What revisions to the Method A cleanup levels for lead (if any) are needed, given: 

• Current scientific information on adverse effects at blood lead concentrations below 
10 ug/dL and the inability to identify a threshold for adverse effects 

• Uncertainty and variability in soil-related exposures and the contribution of non-
soil lead exposures to overall lead exposure 

• Current methods and policies used to establish MTCA soil cleanup levels and 
comparisons to approaches used by other state and federal agencies  

• Current state and federal policies on preventing lead exposure   
• Incremental implementation costs and benefits associated with a revised standard.   

Scientific and Policy Bases for the Current Soil Cleanup Standards for Lead 

Soil Cleanup Standard for Residential Properties:  The MTCA Method A soil cleanup standard 
(250 mg/kg) for residential properties was originally based on four main determinations: 

• Sensitive Population:  The lead cleanup standard was designed to prevent unacceptable 
health risks for young children playing in lead-contaminated soils.    

• Health Endpoint:  The lead cleanup level was based on preventing adverse 
neurological and neurobehavioral effects in young children.     

• Safe or Threshold Exposure:  The lead cleanup level was designed to prevent blood 
lead concentrations greater than15 ug/dL.3

• Methodology:  Ecology used a simple slope factor model to identify a soil level where 
at least 99% of young children would have blood lead levels < 15 ug/dL. 

  

                                                 
3 Several months after the MTCA rule was adopted, the Centers for Disease Control updated the federal blood 
lead screening guidelines.  Under the updated guidelines, a child is considered to have an elevated blood lead 
level if his/her levels were equal to or greater than 10 ug/dL 
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Ecology reviewed the scientific basis for the Method A value for lead when preparing the 
2001 rule revisions.  Ecology used the Integrated Exposure Uptake and Biokinetic (IEUBK) 
model to predict the mean blood lead level and the probability that child blood lead levels 
would exceed 10 ug/dL (P10) at different soil lead levels.  Ecology found that a soil level of 
250 mg/kg (MTCA Method A cleanup level) corresponds to a P10 value of 1- 5%.  Based on 
that review, Ecology elected not to revise the Method A soil cleanup level. 

Soil Cleanup Level for Industrial Properties:  Ecology established the MTCA Method A soil 
cleanup standard (1000 mg/kg) for industrial properties when the initial cleanup standards 
were published in 1991.  This value was based on cleanup guidance developed by EPA and 
the New Jersey Department of Environmental Protection (Ecology, 1991).    

Ground Water Cleanup Level:  Ecology adopted the current MTCA Method A ground water 
cleanup standard (15 ug/L) in 2001.4

Additional details on the scientific and regulatory bases for the current MTCA cleanup 
standards are summarized in Appendix A.   

  It is based on the current federal and state drinking 
water standard for lead.   

Scientific and Regulatory Developments Since 2001 

There has been a great deal of scientific and regulatory activity surrounding lead exposure and 
health risks since the 2001 rule revisions.  Specifically:    

• Scientific Information on Health Risks:  Over the past 10 years, researchers have 
completed studies identifying adverse health effects at blood lead levels below10 
ug/dL.  Several expert scientific committees5

• Refinements to Lead Exposure Models:  EPA updated the Integrated Exposure 
Uptake and Biokinetic (IEUBK) Model and the Adult Lead Model in 2009.  The 
model revisions incorporate new information on blood lead concentrations in the 
United States and lead exposure associated with the national food supply.  EPA is 
also developing an All Ages Lead Model.  The California Department of Toxics 
Substances Control developed the California Leadspread Model which the California 
Environmental Protection Agency has used to establish soil screening levels 
(OEHHA, 2009b).   

 have reviewed these studies.  A general 
consensus has emerged that exposure below 10 ug/dL is harmful to human health and 
that scientists are unable to identify a safe level of exposure.   

• Regulatory Actions:  EPA completed final revisions to the National Ambient Air 
Quality Standard (NAAQS) for lead in November 2008.  In April 2009, the State of 
California completed revisions to the public health goal for lead in drinking water.  Both 

                                                 
4 The original MTCA Cleanup Standards rule published in 1991 included a Method A ground water cleanup 
level for lead of 5 ug/L.   This was based on the proposed Maximum Contaminant Level Goal (MCLG) 
published by EPA in 1988.   The final Lead and Copper rule adopted by EPA in 1991 includes a MCLG = zero 
and a Maximum Contaminant Level (MCL) of 15 ug/L.    
5 These include reviews by the Agency for Toxic Substances and Disease Registry (ATSDR, 2007), the Clean 
Air Scientific Advisory Committee (Henderson, 2006; 2007a; 2007b), the Advisory Committee on Childhood 
Lead Poisoning Prevention (ACCLPP) (2007) and the MTCA Science Advisory Board (MTCA SAB, 2004) and 
the Department of Health Expert Panel (DOH, 2008) 
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agencies conducted extensive reviews of the scientific literature and concluded that 
more stringent standards were needed to protect human health.  

These developments are discussed in greater detail in Section 2 and Appendix B.  

Organization of the Discussion Materials 

The rest of this document is organized into three main sections: 

• Conclusions on Need for Review of the Current MTCA Standard:  Section 2 
summarizes Ecology’s initial conclusions on whether the current MTCA standard 
should be revised in response to scientific and regulatory developments that have 
occurred since 2001.   

• Options for Updating the MTCA Soil Cleanup Standard Based on Child Exposure: 
Section 3 summarizes Ecology’s evaluation of the current Method A standard for 
residential areas and discusses one option for updating the current standard.    

• Implementation Implications and Impacts:  Section 4 briefly discusses how the 
scientific information and policy choices reflected in the draft revisions to the soil 
cleanup level for residential soils might impact standards for other environmental 
media.    

This document also includes four appendices that provide supporting information and 
evaluations:    

• Scientific and Regulatory Bases for the Current Standards.  Appendix A provides a 
summary of the scientific methods and regulatory policies used to establish the current 
MTCA soil cleanup standard for lead.   

• Quality of Information Analysis:  Appendix B describes Ecology’s review of this issue 
using the quality of information criteria included in WAC 173-340-702(16).    

• Evaluations Using the Integrated Exposure Uptake Biokinetic (IEUBK) Model:  
Ecology used the IEUBK Model to evaluate various policy options for revising the 
MTCA soil cleanup level.  Appendix C presents the results of those evaluations.    

• Technical and Policy Choices Underlying the Evaluation:   Appendix D summarizes 
some of the key choices that must be made (either implicitly or explicitly) when 
deciding whether and how to revise the soil cleanup level for lead.  
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2.  Conclusions on the Need for Review of Current 
MTCA Standard 

Ecology has reviewed the scientific and regulatory developments that have occurred since the 
2001 rule revisions.   We have evaluated several options for proceeding and asked for public 
comments on those options during July and August 2009.   After considering the new 
information and public comments6

• Scientific Information on Health Risks:  Over the past 10 years, researchers have 
completed studies identifying adverse health effects at blood lead levels below10 
ug/dL Several expert scientific committees have reviewed these studies.  A general 
consensus has emerged that exposure below 10 ug/dL is harmful to human health and 
that scientists are unable to identify a safe level of exposure.   

, Ecology believes that it is appropriate to review and (as 
appropriate) update the MTCA standard in light of those developments.  The rationale for this 
conclusion includes:    

• Lead Exposure Models:  The EPA updated the Integrated Exposure Uptake and 
Biokinetic (IEUBK) Model and the Adult Lead Model in 2009.  The model revisions 
incorporate new information on blood lead concentrations in the United States and 
lead exposure associated with the national food supply.   

• Regulatory Policies:  EPA has adopted a new National Ambient Air Quality Standard 
(NAAQS) that takes into account current information on lead health risks.  The CDCP 
has established policies that emphasize measures for preventing elevated lead 
exposure.  Ecology and the Washington Department of Health (DOH) have prioritized 
actions to reduce lead exposure and developed a comprehensive action plan that 
includes updating the MTCA cleanup standards.  

Ecology recognizes that there are also several reasons that could be used to support a position 
that it is premature to significantly revise the lead cleanup standard during the current 
rulemaking process.  Ecology believes these are important considerations when deciding 
whether and how to revise the current lead standard.   These reasons include the following: 

• The CDCP has not revised the blood screening guidelines used to identify elevated 
blood lead concentrations. 

• EPA has not updated the Superfund guidance for lead-contaminated soils to reflect 
more current scientific information.  Ecology’s current standard is more stringent than 
the federal Superfund guidelines.  

• Few states have revised their soil cleanup levels to reflect more recent scientific 
information.  Ecology’s current standard continues to be one of the more protective 
state standards in the United States.   

• It is unclear to whether a revised cleanup level would result in different cleanup 
decisions at Washington sites.  Ecology will consider this and other issues when 

                                                 
6 One person submitted written comments on the scoping paper for lead-contaminated soils (Dr. Thomas 
Bingham, Dupont Remediation Group).   Dr. Bingham comments reflected considerable knowledge of the 
current status of scientific and regulatory activities applicable to lead.  He recommended that Ecology consider 
recent updates to the IEUBK and ALM models.   He cautioned against making significant changes in the risk 
management framework without a thorough consideration of both the scientific and policy underpinnings of such 
changes.   
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preparing the regulatory analyses required by the Washington Administrative 
Procedures Act.   

Scientific Information on Health Risks Below Blood Lead Levels of 10 ug/dL 

There have been numerous studies completed since 2001 that have evaluated the health 
risks associated with lead exposure.  The current body of scientific information provides 
evidence that the physical and mental development of children can be adversely affected at 
blood lead levels below 10 ug/dL.  Regulatory agencies have relied heavily on the pooled 
analyses of seven epidemiological studies7

Several scientific review panels have been charged with reviewing the current scientific 
information on lead exposure and health risks.    

  performed by Lanphear et al. (2005).  The 
pooled analysis by Lanphear et al. also provides evidence that the dose-response 
relationship for lead and effects on neurological development (as measured by IQ scores) is 
non-linear with a steeper slope (dose-response relationship) at lower blood lead levels.   

• Scientific Review of Federal Blood Lead Screening Guidelines:  In 2004, the Centers 
for Disease Control and Prevention (CDCP) asked the Advisory Committee on 
Childhood Lead Poisoning Prevention (ACCLPP) to review the federal blood lead 
screening guidelines in light of more recent scientific studies on the relationships 
between blood lead concentrations and neurological development.  The ACCLPP  
concluded that “…r]esearch conducted since 1991 has strengthened the evidence that 
children’s physical and mental development can be affected at [blood lead levels] <10 
μg/dL.’’     

• MTCA Science Advisory Board Review of Areawide Soil Contamination Strategy:  In 
2004, Ecology asked the Board to review the scientific basis for soil guidelines that 
were part of a strategy to implement the Task Force recommendations.  The Board 
observed that (1) available scientific information does not permit the identification of 
safe or threshold concentration below which there are no health risks and (2) there is 
an emerging scientific consensus that blood lead concentrations of < 10 ug/dL can 
potentially be levels of concern with respect to children’s health.  Consequently, the 
Board recommended that Ecology review whether the underlying basis for the current 
MTCA cleanup level remains consistent with the MTCA statutory directives.  The 
Board also concluded that (1) the IEUBK model was a sound approach for evaluating 
exposure to lead-contaminated soils and (2) the parameters and assumptions used by 
Ecology to estimate exposure are generally consistent with current EPA guidance 
materials.  The Board recommended that Ecology consider soil-only impacts on blood 
lead concentrations when specifying low, moderate, and high soil concentrations (in 
addition to considering lead exposure from all sources).   

• Review of the Scientific Basis for the National Ambient Air Quality Standards 
(NAAQS) for Lead:  EPA scientists evaluated more than 6000 toxicological and 
epidemiological studies to support decisions on whether to revise the NAAQS for 
lead.  The Clean Air Science Advisory Committee (CASAC) reviewed EPA’s 

                                                 
7 Bellinger, D.C. and Needleman, H.L. (2003); Canfield, R.L., et al.  (2003); Te´llez-Rojo, M.M. et al. (2006);   
Chen A, et al. (2005). Chiodo LM, et al. (2004).  



Updating Cleanup Levels for Lead-Contaminated Soils – March 2010 Page 12 
 

evaluations and interpretations of this information.  EPA and CASAC reached several 
conclusions that are relevant to the review of the MTCA standard for lead: 

• Critical Health Endpoint:  EPA (2006, 2007b,c) concluded that neurological 
effects in children and cardiovascular effects in adults appear to be the greatest 
public health concerns.  With respect to updating the NAAQS for lead, EPA 
concluded that young children remain the sensitive population and neurological 
development remains the primary health concern.    

• Public Health Goal:  EPA (2007b,c) recognized that several health effects are 
associated with blood Pb levels that are well below 10 ug/dL.  The agency 
concluded that there is now no recognized safe level of lead in children’s blood.  
Based on that conclusion, EPA used an air-related IQ loss of 2 points as an 
“acceptable” or “target” public health goal.   

• Concentration/Response Function:  EPA (2007b,c) reviewed a wide range of 
estimates on the relationship between blood lead levels and declines in IQ scores.  
Estimates range from - 0.25 IQ points/ug/dL to - 2.94 IQ points/ug/dL.  EPA 
concluded that the weight of evidence indicates that the blood-IQ loss relationship 
is non-linear with steeper slopes at lower doses.  When selecting a value to use in 
their evaluation, EPA elected to (1) focus on the four studies of children with 
blood lead levels closer to levels currently reported in children and (2) use the 
median value (-1.75 IQ points/ug/dL) from the four studies.8

• Updates to Agency for Toxic Substances and Disease Registry (ATSDR) 
Toxicological Profile for Lead:  In August 2007, the ATSDR completed an extensive 
review of toxicological and epidemiological studies on lead health effects (ATSDR, 
2007).  Consistent with the ACCLPP and EPA reviews, ATSDR noted that several 
studies have been published in recent years that support the view that there is no apparent 
threshold in the relationship between blood lead levels and neurobehavioral functions. 

   

• Washington State Department of Health (DOH) Expert Panel Recommendations:  The 
DOH convened an expert panel in June 2008 to review and, as appropriate, update 
DOH’s guidelines related to lead exposure in children.  The expert panel (DOH, 2008) 
recommended that “…[t]he Department of Health should review and strengthen its 
guidelines regarding the appropriate medical responses for elevated blood lead levels.”  In 
their report, the panel also wrote  

“… the panel emphasized that there is no known “safe” threshold for lead. It also 
recognizes that lead levels between 5 and 9 μg/dL can be harmful to children…. [t]he 
panel cautions that it is very important to institute meaningful follow-up actions when a 
child has a blood lead level between 5 and 9 μg/dL. It is not enough to simply report 
that level without a further defined action for either the healthcare provider or the 
parent. The panel recommends that the department determine the course of action that 
may be most effective, for example, a follow-up home visit from an environmental 
health specialist and/or public health nurse to determine the potential source of lead in 
the child’s home and to advise on ways to prevent exposure. It may also be possible for 
the physician to issue a note that would enable a family in a low-income housing 
situation to be relocated should lead be discovered in the home environment.” (page 8)   

                                                 
8 Ecology plans to consider the results from EPA’s evaluation of the concentration-response relationships when 
evaluating the incremental costs and benefits of any proposed rule revisions.   
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The panel also recommended that the department not raise awareness and concern about 
blood lead levels between 5 and 9 μg/dL unless and until specific accompanying 
recommendations on physician or parent follow-up are established.  Since receiving these 
recommendations, the Department of Health has had to deal with a series of budget 
reductions.   However, DOH currently provides the testing results to the Seattle King 
County – Public Health and the Tacoma Pierce County Health Department when  
children residing in those jurisdictions are found to have blood lead levels between 5 
and 9 ug/dL.   These local health agencies conducted follow-up activities to identify 
sources and intervention measures.    

Refinements to Child and Adult Lead Exposure Models   

While new information on health effects raises concerns about blood lead concentrations 
below 10 ug/dL, there have also been significant refinements to the most widely-used EPA 
lead exposure models.  Specifically, EPA has updated those models to account for declining 
lead concentrations in air, water, soil/dust and food that have occurred following measures 
such as phasing out leaded gasoline, lead solder and lead-based paint.  Consequently, Ecology 
now finds itself in the position of evaluating information that supports both lowering the 
standard due to more current child health studies and increasing the standard due to 
improvements/refinements in the EPA lead exposure models.    

Since the 2001 rule revisions, EPA has refined the Integrated Exposure Uptake and 
Biokinetic (IEUBK) and the Adult Lead Model (ALM).  EPA has also developed an initial 
version of the All-Ages Lead Model (AALM).   

• The IEUBK model provides a tool for evaluating child health risks associated with 
exposure to lead-contaminated soils (EPA 2003a).  The model is used to predict the 
average blood lead concentrations and the probability that a child will have blood 
lead concentrations greater than a blood lead concentration (e.g. 10 ug/dL (P10)) 
following exposure to different soil lead concentrations.  Since the 2001 rule 
revisions, EPA (2003b) has made several modifications to the IEUBK model in 
order to incorporate newer information on lead exposure.9

• EPA (2005) has also developed a new lead model (the All Ages Lead Model 
(AALM)) that is designed to evaluate health risks for all age groups.  The AALM is 
a tool for estimating changes in lead concentrations in blood and other 
tissues/organs with different environmental exposures.  EPA completed a draft 
version of the AALM in October 2005 and asked the EPA Science Advisory Board 
to review the draft model.  The Ad Hoc AALM Review Panel completed an 
extensive review comments in October 2006.  As of February 2009, EPA is still 
working on several issues identified by the AALM Review Panel before releasing a 
revised version of the model for general use.   

  

 
 
 

                                                 
9 EPA has published several version of the IEUBK model since 2001.  The refinements in each new version 
generally represent small changes to incorporate EPA’s ongoing work on lead exposure and/or improvements in 
the model software.   EPA completed the most recent revisions to the IEUBK model in June 2009.   
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Regulatory Actions to Reduce Lead Exposure and Risks 

State and federal agencies have begun to review their regulations and policies based on the 
current scientific information.    

• Actions by the Department of Ecology:  Since the 2001 rule revisions, Ecology has 
implemented two major initiatives applicable to reducing lead exposure and health 
risks:  

• Chemical Action Plan for Lead:  In early 2005, Ecology published a rule that 
describes methods and policies for identifying persistent and bioaccumulative 
toxins (PBT) and procedures developing strategies for reducing and phasing-out 
PBT uses and exposures.  Ecology identified lead compounds as a PBT and 
developed a draft chemical action plan for public review in 2008 (Ecology/Health 
2008).  In that document, Ecology and Health acknowledged that recent scientific 
information indicates that there are health risks at blood lead levels below 10 
ug/dL and the draft action plan includes a recommendation that the Toxics 
Cleanup Program work with the MTCA Science Advisory Board and the 
Department of Health to review and (as appropriate) revise the MTCA soil cleanup 
standard for lead.   

• Area-Wide Soil Contamination Strategy:  Soils in large parts of Washington State contain 
elevated levels of arsenic and lead caused by past releases from metal smelters and 
historical application of agricultural pesticides.  Four state agencies formed and chartered 
the Area-wide Soil Contamination Task Force who submitted their final report and 
recommendations to the four chartering agencies on June 30, 2003.   The four chartering 
agencies were the Departments of Agriculture, Ecology, Health, and Community, Trade 
and Economic Development (DCTED- now Commerce).  The Task Force recommended 
that the chartering agencies work with local communities to systematically reduce exposure 
to arsenic- and lead-contaminated soils.10

• Actions by the Environmental Protection Agency:  EPA has established requirements 
for reducing or preventing lead exposure under multiple authorities:   

  A key feature of the implementation strategy is 
the tiered approach illustrated in Figure 2.1 at the end of this section.   

• Revisions to the NAAQS for Lead:  In November 2008, EPA published a final rule 
revising the primary and secondary NAAQS for lead.  In the final rule, EPA 
elected to lower the primary standard from1.5 ug/m3 to 0.15 μg/m3.  As discussed 
above, EPA’s decision to tighten the NAAQS was based heavily on the scientific 
information on the health risks associated with blood lead levels below 10 ug/dL.   

                                                 
10 Key recommendations included:  (1) Increase community awareness and provide information on soil 
contamination and steps that people can take to reduce exposure; (2) Implement a step-wise approach for 
reducing exposure to contaminated soils at schools, childcare facilities and parks where young children play on a 
regular basis; (3) Provide technical assistance to residents who elect to sample their yards and/or take steps to 
reduce exposure to arsenic and lead; (4) Work with local land use agencies to integrate soil cleanup measures 
into plans for new construction and/or renovation of schools, parks, childcare facilities and residential areas; and 
(5) Revise the Model Toxics Control Act (MTCA) rule to provide greater predictability on how Ecology will 
apply the rule in situations where elevated levels of arsenic and lead are found.  
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• Lead-Based Paint Hazards:   In 2001, EPA established standards for lead-based 
paint hazards in most pre-1978 housing and child occupied facilities.   Under these 
regulations, EPA uses a two-part hazard standard for lead-contaminated soils:  (1) 
400 ppm in play areas based on play area bare soil samples; and (2) an average of 
1200 ppm in bare soils in the remainder of the yard.  EPA recommends that 
homeowners implement interim measures to reduce or prevent children’s exposure 
to lead in soils above these levels (e.g. covering bare soils, washable doormats, 
planting grass) and evaluate the need for more permanent controls on a site-
specific basis.   

• Superfund Guidance for Lead-Contaminated Soils:    

• Actions by the Centers for Disease Control and Prevention (CDCP):   In 2005, the 
CDCP revised their statement on Preventing Lead Poisoning in Young Children to 
recognize the evidence of adverse health effects in children with blood lead levels 
below 10 ug/dL.  Specifically, CDCP noted that no “safe” threshold for blood Pb had 
been identified and emphasized the importance of primary prevention measures.  
However, the CDCP identified several scientific, policy and practical reasons for not 
revising the federal blood lead screening guidelines.11

• Actions by Agencies in Other States:  Many states have established soil cleanup levels 
for lead-contaminated soils.  Ecology reviewed cleanup rules and guidance materials 
prepared by several other state environmental agencies (See Section 3).  State 
standards or guidelines for residential properties range from 50 mg/kg (Wisconsin) to 
500 mg/kg (Pennsylvania).  Many of the current state standards reference EPA 
guidance and/or are based on preventing blood lead concentrations of 10 ug/dL.  
Several states have begun to review their standards in light of recent scientific 
studies

  Since that time, CDCP has 
worked with the Advisory Committee on Childhood Lead Poisoning Prevention 
(ACCLPP) to review and update current guidelines for education/intervention 
measures for children and pregnant women with elevated blood lead levels.  The 
ACCLPP is considering follow-up measures for children and pregnant woman with 
blood lead levels between 5 and 9 ug/dL.   

12 and/or refinements to lead exposure models13

                                                 
11 CDCP identified three main reasons for not lowering the blood lead guidelines:  (1) the lack of effective 
clinical or public health interventions to reliably and consistently reduce blood Pb levels that are already below 
10 ug/dL; (2) the lack of a demonstrated threshold for adverse effects; and (3) concerns for shifting resources 
from children with higher blood lead levels. 

.  However, Ecology is only 
aware of one state (California) that has completed an extensive review their lead 
guidelines or standards.  Based on that review, the California Office of Environmental 
Health Hazard Assessment (OEHHA) recently updated the public health goal for lead 
in drinking water (0.2 ug/dL).  Specifically, OEHHA (2009a) elected to lower the 
existing PHG based on new studies relating neurobehavioral deficits to blood lead 

12 The State of Rhode Island reviewed their lead standard (150 mg/kg) after EPA completed revisions to the 
NAAQS and decided not to modify the current standard.  Their rationale for not modifying the standard appears 
to be similar to the reasoning used by the CDCP when they considered changes to the federal blood lead 
screening level.   
13 The State of Maine updated their soil screening guideline for lead in early 2010.  The revisions reflect updates 
based on the June 2009 revisions to the IEUBK model.    
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concentrations below 10 ug/dL.  OEHHA (2009b) also updated their soil screening 
levels (SSLs) for lead to reflect the current information on lead health risks.  The work 
by OEHHA includes several features that are relevant to the review of the MTCA 
standards for lead: 

• Critical Health Endpoint:  OEHHA concluded that neurological effects in 
children and cardiovascular effects in adults are the greatest public health 
concerns.  The calculations underlying the revised PHG and SSLs are based on 
preventing IQ loss in young children.   

• Public Health Goal:  OEHHA recognized that several health effects are 
associated with blood Pb levels that are well below 10 ug/dL.  They chose a 
change of 1 IQ point as the benchmark response.  In other words, the public 
health goal is based on preventing a change in IQ scores of 1 point or more.  

• Drinking Water-to-Blood Ratio:  OEHHA estimated that for children (ages 12-
24 months of age), blood lead levels increase by 0.35 ug/dL for each increment 
in drinking water intake of 1 ug/day.    

• Concentration to Response Function:  OEHHA (2007) reviewed a wide range of 
estimates on the relationship between blood lead levels and declines in IQ 
scores.  Estimates ranged from - 0.25 IQ points/ug/dL to - 2.94 IQ points/ug/dL.  
OEHHA estimated that an increase in blood lead levels of 1 ug/dL is correlated 
with a decrease of 1 IQ point.14

Low-to-Moderate 
Soil 

Concentrations

• Traditional Cleanup Measures (e.g. 
removal and containment)

• Institutional Controls and Period 
Review of individual cleanup 
effectiveness

• No Required Actions

• Opportunistic cleanup actions 
integrated with new construction

• Increased Community Awareness

• Individual Protection Measures
• Simple Containment Measures
• Institutional Controls

• Periodic Review of Program 
effectiveness

Figure 2.1:  Areawide Soil Contamination Tiered 
Response 

High Soil 
Concentrations > 

500-700 ppm

Low Soil 
Concentrations

< 250 ppm

  This slope factor was used to prepare the 
proposed PHG value.  

                                                 
14 The slope factor used by OEHHA (-1 IQ point/ug/dL) corresponds to the lower end of the range considered by 
EPA when updating the NAAQS for lead.   
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3.  Updating the MTCA Standard for Residential 
Properties and Other Unrestricted Land Uses 

Ecology is currently reviewing the scientific and regulatory developments relevant that have 
occurred since the 2001 rule revisions.  This section describes the preliminary regulatory 
conclusions on revising the soil cleanup for residential properties.   

Preliminary Conclusions on Updating the Method A Standard 

Ecology believes that the Method A soil cleanup level for lead should be updated based on 
new scientific information on lead exposure and health risks.  Ecology has completed a 
preliminary evaluation of the scientific, policy and implementation issues associated with 
revising the current standard.  Based on that evaluation, Ecology believes there are several 
scientific and policy reasons to support a revised standard in the 100 - 150 mg/kg range.  
Ecology’s rationale includes the following:   

• The revised standard would be consistent with current scientific information on health 
risks associated with blood lead concentrations below 10 ugdL.  Ecology has evaluated 
the new scientific information on lead exposure and health risks using the quality of 
information criteria in WAC 173-340-702(16).  The quality of information analysis is 
included as Appendix B.  Key conclusions include the following:   

• Numerous studies demonstrate impacts on neurological development in children 
with blood lead levels less than 10 ug/dL. 

• Several studies indicate that incremental exposures associated with blood lead 
levels less than 10 ug/dL have a greater impact on learning than incremental 
exposures above 10 ug/L.  

• EPA and several scientific committees have concluded that there is no apparent 
threshold in the relationship between blood lead concentrations and 
neurobehavioral effects in young children.  

• The revised standard would be consistent with state and federal health policies that 
emphasize exposure prevention.  In 2005, the CDCP revised their statement on 
Preventing Lead Poisoning in Young Children to recognize the evidence of adverse 
health effects in children with blood lead levels below 10 ug/dL.  Specifically, CDCP 
noted that no “safe” threshold for blood Pb had been identified and emphasized the 
importance of primary prevention measures.  The emphasis on preventative measures 
recognizes the difficulties associated with reducing blood lead levels through clinical 
or public health interventions (particularly when blood Pb levels that are already 
below 10 ug/dL).  

• The revised standard would be consistent with the policies underlying the MTCA rule.  
When making decisions on cleanup levels, the key policy choice resolves around the 
question “What is a safe or acceptable level of protection?”.  For lead, there are three 
intertwined issues that need to be addressed when answering this question.   

• What lead exposure model (soil-only vs integrated exposure) should be used to 
support regulatory decisions on site cleanup? 
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• What is an appropriate target blood lead concentration to use when establishing 
soil cleanup levels for lead? 

• What is appropriate “probability of exceeding the target blood lead 
concentration” to use when establishing soil cleanup levels for lead?   

There are many different technical and policy choices that produce a range of possible 
soil cleanup levels.  These choices are discussed in Appendix D.  Ecology believes 
that there are several different policy combinations that are consistent with the policies 
underlying the MTCA rule.  For example:   

• At a soil concentration of 100 mg/kg, the soil-only exposure model predicts that 
90% of young children would have blood lead concentrations below 2 ug/dL.    

• At a soil concentration of 150 mg/kg, the soil-only exposure model predicts that 
99% of young children would have blood lead concentrations below 5 ug/dL 

• At a soil concentration of 150 mg/kg, the integrated exposure model predicts that 
95% of young children would have blood lead concentrations below 5 ug/dL. 

The soil cleanup levels calculated using the IEUBK model are very sensitive to the 
assumptions used for different input parameters (See Appendix C).  Ecology is still 
evaluating the underlying technical assumptions used to generate these values.   

• The revised standard would comply with the statutory requirement that MTCA 
cleanup standards be at least as stringent as the federal cleanup standards and 
requirements in other applicable environmental laws and regulations.  MTCA states 
that cleanup standards must be “…at least as stringent as the cleanup standards under 
section 121 of the federal cleanup law, 42 U.S.C. Sec. 9621, and at least as stringent as 
all applicable state and federal laws, including health-based standards under state and 
federal law…” 

• A revised standard in the 100-150 mg/kg range would be at least as stringent as the 
current EPA Superfund guidelines for lead-contaminated soils (400 mg/kg).  In 
making this comparison, it is important to recognize that compliance with the 
federal guideline is based on measurements in the 250 um soil size fraction.  
Compliance with the MTCA standard is based on measurements in the 2 mm size 
fraction.  This difference is important because lead concentrations tend to be 
enriched in finer soil particles.   However, it does not appear that the enrichment 
that occurs in the finer soil particles would be high enough to alter the overall 
conclusion on relative stringency.     

• Soil concentrations in the 100-150 mg/kg range are unlikely to cause ambient air 
levels (caused by re-suspended soils and dust) that exceed the new NAAQS for 
lead.  Soil screening models indicate that both the current and revised soil 
standards would not cause air lead concentrations that exceed the new NAAQS 
(0.15 ug/m3).   

• Soil concentrations in the 100-150 mg/kg range are unlikely to result in ground 
water concentrations that exceed ground water cleanup levels.  During the 2001 
rulemaking process, Ecology used the three-phase ground water model to calculate 
a soil cleanup level based on ground water protection.  For lead, the soil cleanup 
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level based on ground water protection (3000 mg/kg) is much higher than the 
current MTCA standard based on direct contact.    

• The draft revision falls within the range of standards developed by environmental 
agencies in other states.  Most states have established soil cleanup levels for lead-
contaminated soils.  Ecology reviewed cleanup rules and guidance materials prepared 
by several other state environmental agencies (See Table 3.1).  State standards or 
guidelines for residential properties range from 50 mg/kg (Wisconsin) to 500 mg/kg 
(Pennsylvania). 

Table 3.1:  Cleanup Levels for Lead-Contaminated Soils in Selected States 

State Residential   Non-
Residential    Explanatory Comments 

WI 50 500 Wisconsin Administrative Code.  Chapter NR 720.  Soil Cleanup 
Standards.    

CA 80 320 
California Leadspread Model (DTSC, 2007) was used to calculate 
soil level that is unlikely (<10%) to result in blood lead levels 
above 1 ug/dL (OEHHA, 2009b) 

RI 150 500 Direct exposure criteria based on Department of Health Rules and 
Regulations for Lead Poisoning Prevention (R23-24.6-Pb) 

MA 300   S-1 Standard.  Massachusetts Contingency Plan (310 CMR 
40.0975(6)(a)) 

MN 300   Calculated using IEUBK model.   MPCA website does not include 
information on underlying assumptions.   

ME 340 560 

Maine Remedial Action Guidelines.  Appendix 1 includes lead 
guideline of 340 mg/kg developed using IEUBK (standard 
assumptions) and 10 ug/dL and 95th percentile. Appendices 2 and 
3 list a screening level of 170 mg/kg. 

FL 400 1400 

Residential level based on IEUBK (default parameters).  Appears 
to be based on protecting 95% of children at a blood level of 10 
ug/dL.  Technical Report for the Development of Cleanup Target 
Levels for Ch  67-777 F.A.C. 

MD 400 1000 
State of Maryland.  Department of the Environment.  Cleanup 
Standards for Soil and Ground Water (June 2008 Interim Final 
Guidance). 

MI 400   

Residential level based on IEUBK (default parameters).  Appear to 
be based on protecting 95% of children at a blood level of 10 
ug/dL.  R 299.5746.  Generic soil cleanup criteria for residential 
and commercial (category I).    

NJ 400 600 Residential level based on IEUBK (default parameters).  Based on 
protecting 95% of children at a blood level of 10 ug/dL.    

OR 400 800 Risk-Based Concentrations for Individual Chemicals.   September 
2009 Update.  

PA 500 1000  

Implementation Issues and Implications 

Revising the lead cleanup standards could have several impacts on cleanup activities.  
Specifically, lower cleanup standards could increase (1) the number of sites that require 
further investigation following a site hazard assessment, (2) soil sampling requirements as 
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cleanup proponent’s work to define the nature and extent of contamination at individual sites 
and/or (3) the number of sites that require cleanup actions and/or institutional controls. 

Ecology reviewed the soil sampling data stored in the Environmental Information 
Management (EIM) system.  Although this is far from a random sample of Washington soil 
concentrations, it provides a crude estimate of how lowering the soil lead cleanup standard 
might impact cleanup activities.  For example, 5.5% of the samples have concentrations above 
the current standard (250 mg/kg) vs 27.5% of samples with concentrations above 50 mg/kg.     

Table 3.5:   Summary of Soil Lead Concentration Information Stored 
in the Environmental Information Management (EIM) System 
Range of Lead Soil Concentrations Number of Results % of Total  
Greater than 250 mg/kg 1724 5.5 
200 – 250 mg/kg 500 1.6 
150 – 200 mg/kg 800 2.6 
100 – 150 mg/kg 1592 5.1 
50 – 100 mg/kg 4062 13.0 
Less than 50 mg/kg 22,693 72.5 
TOTAL 31,307  

However, lead is usually not the only hazardous substance present at cleanup sites.  Ecology 
believes that the incremental costs and benefits of a lower lead cleanup standard will be 
minimized because the nature and extent of contamination is often defined by other hazardous 
substances.  For example: 

• Ecology has overseen cleanup actions at a number of schools that were built on former 
orchard lands where lead arsenate was used between 1900 and 1947.  Ecology 
reviewed the soil sampling results from 32 play areas located at several Wenatchee 
area schools that had been built on former orchards.  Ecology found that lowering the 
lead cleanup standard to 100, 150 or 200 mg/kg would not change the number of play 
areas requiring some type of remediation.  In other words, the nature and extent of soil 
contamination would continue to be defined by the levels of arsenic.  If the lead 
cleanup level were lowered to 50 mg/kg, three additional play areas would require 
some type of remediation.   
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Table 3.6:  Impacts of Alternate Lead Cleanup Levels on Cleanup Decisions 
at Wenatchee Area Schools Built on Former Orchard Lands 

 
As 

MEAN As >20 
 

Pb 
MEAN 

Pb .> 
150 

Pb > 
100 

Pb > 
50 

 
Pb CUL 
= 100 

Pb 
CUL = 

50 
Play Area #1 20.4 YES  82 NO NO YES  As Both 
Play Area #2 9.2 NO  54 NO NO YES  Neither Pb 
Play Area #3 6.9 NO  35 NO NO NO  Neither Neither 
Play Area #4 6.8 NO  23 NO NO NO  Neither Neither 
Play Area #5 142.4 YES  718 YES YES YES  Both Both 
Play Area #6 45.4 YES  145 NO YES YES  Both Both 
Play Area #7 160 YES  606 YES YES YES  Both Both 
Play Area #8 122.1 YES  554 YES YES YES  Both Both 
Play Area #9 48.7 YES  222 YES YES YES  Both Both 
Play Area #10 48 YES  161 YES YES YES  Both Both 
Play Area #11 36 YES  64 NO NO YES  As Both 
Play Area #12 82.4 YES  361 YES YES YES  Both Both 
Play Area #13 49.6 YES  190 YES YES YES  Both Both 
Play Area #14 10.5 NO  28 NO NO NO  Neither Neither 
Play Area #15 8.4 NO  25 NO NO NO  Neither Neither 
Play Area #16 36 YES  117 NO YES YES  Neither Pb 
Play Area #17 23 YES  65 NO NO YES  As Both 
Play Area #18 20 NO  49 NO NO NO  Neither Neither 
Play Area #19 25 YES  91 NO NO YES  As Both 
Play Area #20 33 YES  93 NO NO YES  As Both 
Play Area #21 19 NO  53 NO NO YES  Neither Pb 
Play Area #22 24 YES  53 NO NO YES  As Both 
Play Area #23 28 YES  63 NO NO YES  As Both 
Play Area #24 37 YES  141 NO YES YES  Both Both 
Play Area #25 31 YES  63 NO NO YES  As Both 
Play Area #26 20 NO  36 NO NO NO  Neither Neither 
Play Area #27 27.5 YES  63 NO NO YES  As Both 
Play Area #28 15.1 NO  39 NO NO NO  Neither Neither 
Play Area #29 70.7 YES  597 YES YES YES  Both Both 
Play Area #30 24 YES  136 NO YES YES  Both Both 
Play Area #31 40.5 YES  285 YES YES YES  Both Both 
Play Area #32 3.6 NO  14 NO NO NO  Neither Neither 

 

• Ecology has overseen investigations and cleanup actions in the areas around former 
smelters located in Everett and Tacoma.  Ecology reviewed the soil sampling results 
from 114 play areas at schools located around the former Tacoma smelter.  As with 
schools located on former orchards, Ecology found that lowering the lead cleanup 
level somewhere between 100, 150 or 200 mg/kg would not change the number of 
schools/play areas requiring some type of remediation.  If the lead cleanup level were 
lowered to 50 mg/kg, six additional play areas would require some type of 
remediation.    
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Table 3.7:  Potential Impacts of Alternate Lead Cleanup Levels on 
Cleanup Decisions at Schools Located Near the Former Ruston Smelter 

Total Play Areas 114 

Total Play Areas with Arsenic > 20 mg/kg 10 

• Play Areas with Lead > 250 mg/kg 0 

• Play Areas with Lead between 200 and 250 mg/kg 0 

• Play Areas with Lead between 150 and 200 mg/kg 2 

• Play Areas with Lead between 100 and 150 mg/kg 0 

• Play Areas with Lead between 50 and 100 mg/kg 4 

Total Play Areas with Arsenic < 20 mg/kg 104 

• Play Areas with Lead between 50 and 100 mg/kg 6 
 

Ecology is continuing to explore situations where lead might be the primary contaminant.  
These situations include:   

• Areas adjacent to highways and other well-traveled roads:   EPA (2007) summarized 
available data on roadside lead concentrations.   Studies consistently report roadside lead 
concentrations above 200 mg/kg with concentrations rapidly declining to area background 
levels within 50 yards of the roadway.   

• Older buildings with lead-based paint:   

• Shooting ranges:    
[Need to compile information and evaluate implications for these situations after March 22nd 
Meeting] 
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4. Implications of New Scientific and Regulatory 
Information for Cleanup Levels for Other 

Environmental Media 
Air Cleanup Levels 

In November 2008, EPA revised the primary and secondary National Ambient Air Quality 
Standards (NAAQS) for lead.  In the final rule, EPA elected to lower the primary standard 
from 1.5 ug/m3 to 0.15 μg/m3.  The NAAQS for lead is an “applicable state and federal 
law.”  Consequently, cleanup actions should not cause violations of this standard.     

Ground Water Cleanup Levels  

The current MTCA rule includes a Method A ground water cleanup level for lead.  The 
current value (15 ug/L) is based on the state and federal drinking water standard for lead.  
The drinking water standard for lead is based on preventing child blood lead concentrations 
above 10 ug/dL.     

The California OEHHA published a Public Health Goal (PHG) for lead in drinking water in 
April 2009.  The revised PHG takes into account current scientific information on lead 
health risks.  OEHHA used the human health risk model shown in Figure 4.1 to develop the 
PHG value.    

Figure 4.1:   Human Health Risk Equation Used to Calculate California Public 
Health Goal 

Public Health 
Goal (ug/L) = 

Target BLL * RSC 

Intake Factor * UF * L/day 

Where:  

Target BLL = Blood lead level correlated with decrease of 1 IQ point (1 ug/dL) 

RSC = Relative Source Contribution (0.2) 

Intake Factor = Relationship between blood lead level and drinking water intake (0.35 
ug/dL/ug/day 

UF = Uncertainty Factor (3) 

L/day = Daily drinking water consumption for a child (1 L/day) 
 

The OEHHA equation can be modified to allow an initial calculation of MTCA ground 
water cleanup levels that illustrate the relationship between the current MTCA ground water 
cleanup level (15 ug/L) and values that reflect different policy choices on target blood lead 
concentrations.   Ecology modified the equation because the MTCA cleanup level equations 
do not currently include parameters corresponding to the relative source contribution or 
uncertainty factor parameters used by OEHHA. The calculated levels depend on the intake 
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factor used in the calculations.  For comparison, Ecology calculated values using both the 
California OEHHA and ATSDR intake factors.  Those values are shown in Table 4.1 below.    

Table 4.1:   Potential Range of Risk-Based Ground Water Cleanup Levels That 
Reflect A Range of Technical and Policy Choices 

  
Target 
BLL 

Uptake 
Factor L/day GI ABS GW CUL 

OEHHA Public Health 
Goal intake factor  

(0.35 (ug/dL) per (ug/day))  

10 0.35 1 1 29 
5 0.35 1 1 14 
2 0.35 1 1 6 
1 0.35 1 1 3 

ATSDR intake factor  
(0.26 (ug/dL) per (ug/day)) 

10 0.26 1 1 38 
5 0.26 1 1 19 
2 0.26 1 1 8 
1 0.26 1 1 4 

Current MTCA Standard 
Based on Maximum 
Contaminant Level (MCL) 

 

   15 

For comparative purposes, Ecology also began compiling information on ground water 
cleanup levels or guidelines used by other states.   Preliminary results are shown in Table 
4.2.   Interpretation of this data is complicated by the fact that different states use different 
terminology and decision rules.    

Table 4.2:   Ground Water Cleanup Levels and Guidelines Developed by Other States 

State ug/L Explanatory Comments 

WI 15 Wisconsin Administrative Code.  Chapter NR 140.  Groundwater Quality.   
Enforcement Standard = 15 ug/d; Preventative Standard = 1.5 ug/L 

CA 0.2  California Public Health Goal for Drinking Water (OEHHA, 2009a).  
California MCL = 15 ug/dL.   

MA 15 GW-1 Standard.  Massachusetts Contingency Plan (310 CMR 40.0975(6)(a)) 

ME  Maine Remedial Action Guidelines.   

FL 15  Technical Report for the Development of Cleanup Target Levels for Chapter 
67-777 F.A.C. 

MD 15 Department of the Environment.  Cleanup Standards for Soil and Ground 
Water (June 2008 Interim Final Guidance).  

MI 4 
Residential level based on IEUBK (default parameters).  Appear to be based 
on protecting 95% of children at a blood level of 10 ug/dL.  R 299.5746.  
Generic soil cleanup criteria for residential and commercial (category I).    

NJ 5 N.J.A.C. 7:9C  Ground Water Quality Standards.  Appendix Table 1:  
Specific Ground Water Quality Criteria.    

OR 15 Risk-Based Concentrations for Individual Chemicals.   September 2009 
Update.   
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Sediment Cleanup Levels (Further Review Needed) 

The Model Toxics Control Act (MTCA) provides the statutory basis for the majority of site 
cleanup actions conducted/overseen by Ecology.  WAC 173-340-760 states:   

• Sediment cleanup actions must comply with the general requirements in the MTCA 
Cleanup Regulation.  This includes the requirement that cleanup standards must be 
based on cancer risk of one-in-one million (10-6) and a hazard quotient of one (1).    

• Sediment cleanup actions must comply with the requirements in the Sediment 
Management Standards (SMS) rule (Chapter 173-204 WAC).  The SMS rule requires 
that sediment cleanup standards must be established at levels that pose “no significant 
health risk to humans.”  Determinations on what concentrations satisfy this narrative 
standard are made on a case-by-case basis when establishing sediment cleanup 
standards at individual sites.  

Soil Cleanup Levels for Industrial Soils  

EPA developed the ALM to allow agencies to assess health risks associated with adult 
exposures to lead-contaminated soils in non-residential settings.  EPA initially distributed 
the ALM in 1996.  The model is based on an adult exposure model developed by Bowers et 
al. (1994).  The Technical Review Work Group for Lead evaluated the ALM and other adult 
exposure models in 2001 (EPA, 2001b).  EPA updated several of the default exposure 
parameters in June 2009 (EPA, 2009).  The ALM is available on the EPA website in an 
Excel spreadsheet format.  

The ALM  spreadsheet allows users to calculate preliminary remediation goals (PRGs) that 
reflect different risk management choices regarding target blood lead concentrations and 
level of probability of exceeding the target level.  Calculations are performed using the 
equation shown in Figure 4-2.  

  
Figure 4-2 - Adult Lead Model  

 

)**(*
*))])1.645(*/([ ,/95

sss

Oadultmrfetal
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ATPbBGSDRPbBPRG −

=  

  
Where: 

 
PRG        =  Preliminary Remediation Goal (mg/kg) 
PbB95fetal       =  95th percentile blood lead concentration in fetus (ug/dL) 
Rf/m        =   Fetal/maternal PbB ratio (unitless) 
GSD        =   Geometric standard deviation PbB 
PbBadult,0        =   Baseline PbB (ug/dL) 
AT        =   Averaging time (days/yr) 
BKSF        =   Biokinetic slope factor 
IRs        =   Soil and dust ingestion rate (g/d) 
AFs                =   Absorption fraction (unitless) 
EFs        =   Exposure frequency (days/yr) 
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Several states have used the Adult Lead Model to establish soil cleanup levels for non-
residential properties.  Ecology used the model to estimate soil lead concentrations 
corresponding to fetal blood lead concentrations that correspond to different risk management 
choices.  Ecology used the model to calculate PRGs based on soil-only exposure using an 
incremental blood lead concentrations of 1 and 2 ug/dL.    Ecology also used the model to 
calculate PRGs based on total exposure using blood lead concentrations of 5 and 10 ug/L.   
The input parameters used in these calculations are shown in Table 4.3.    

Table 4.3:   Input Parameters for Adult Lead Model  

   
Soil-Only Exposure Integrated Exposure 

 
Exposure Variable Units ∆ Pb = 1 ∆ Pb = 2 Pb = 5 Pb=10 

PbBfetal, 0.95 95th percentile PbB in fetus  ug/dL 1 2 5 10 

Rfetal/maternal Fetal/maternal PbB ratio  -- 0.9 0.9 0.9 0.9 

BKSF Biokinetic Slope Factor ug/dL per 
ug/day 0.4 0.4 0.4 0.4 

GSDi Geometric standard deviation PbB -- 1.8 1.8 1.8 1.8 

PbB0 Baseline PbB ug/dL 0.0 0.0 1.0 1.0 

IRS Soil ingestion rate (including soil-
derived indoor dust) g/day 0.050 0.050 0.050 0.050 

IRS+D Total ingestion rate of outdoor soil 
and indoor dust g/day -- -- -- -- 

WS Weighting factor; fraction of IRS+D 
ingested as outdoor soil -- -- -- -- -- 

KSD Mass fraction of soil in dust -- -- -- -- -- 

AFS, D Absorption fraction (same for soil 
and dust) -- 0.12 0.12 0.12 0.12 

EFS, D Exposure frequency (same for soil 
and dust) days/yr 250 250 250 250 

ATS, D Averaging time (same for soil and 
dust) days/yr 365 365 365 365 

 
Ecology used the EPA Adult Lead Model to illustrate how different policy choices influence 
risk-based soil concentrations for an industrial/commercial scenario.  Those results are shown 
in Table 4.4.   This comparison illustrates that the current MTCA industrial soil cleanup level 
is consistent with some (but not all) policy options for using new scientific information.    
 

Table 4.4:   Comparison of Preliminary Remediation Goals Reflecting Different Policy Choices 

 ∆ Pb = 1 ∆ Pb = 2 Pb = 5 Pb=10 
PRG based on 10% probability of 
exceeding target BLL 360 730 1100 2900 

PRG based on 10% probability of 
exceeding target BLL 290 590 770 2240 

PRG based on 10% probability of 
exceeding target BLL 200 390 290 1270 
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Appendix A 
Scientific and Policy Bases for Current Standard 

Methods and Policies Used to Develop Original Rule in 1991 

Ecology developed the current MTCA Method A soil cleanup level (250 mg/kg) during the 
1991 rulemaking process.  This standard was based on four key determinations: 

• Sensitive population:   The lead cleanup standard was designed to prevent unacceptable 
lead risks in young children.  Ecology’s decision was based on three main factors: (1) 
Infants, young children and developing fetuses are particularly vulnerable to the effects of 
lead poisoning because lead interferes with the development of the central nervous 
system; (2) young children are more likely to be exposed to lead contaminated soils 
because of greater contact with soil and house dust; and (3) children absorb a greater 
percentage of ingested lead than adults.  Ecology determined this choice was consistent 
with the overall policies for establishing cleanup levels under MTCA.15

• Safe or acceptable level of lead exposure:  The lead cleanup standard was based on 
preventing blood lead levels in the majority (>99%) of children exposed to lead-
contaminated soils.  During the rule development process, the CDC considered a child to 
have elevated blood lead levels if his/her levels were equal to or greater than 15 ug/dL.

 

16

• Non-site contributions to lead exposure:  Ecology recognized that children were exposed to 
lead from multiple sources.  When establishing the cleanup standard, Ecology estimated 
non-site or background lead exposure using information published by the ATSDR.  At that 
time, ATSDR estimated that background exposure to lead in rural areas resulted in average 
blood lead levels of 6.4 ug/dL.   

  
To ensure that the majority of children would have blood levels below 15 ug/dL, Ecology 
calculated the mean blood lead level where 99 percent of children would be expected to 
have blood lead levels below 15 ug/dL.  Ecology used a standard deviation of 3.1 when 
performing these calculations.  Based on those calculations, Ecology estimated that a 
mean blood lead concentration of 7.8 ug/dL should ensure that at least 99 percent of 
young children would have blood lead levels less than 15 ug/dL.   

• Defining soil concentration consistent with preventing blood lead levels above safe or 
acceptable levels:  Ecology used a simple slope factor model when establishing the soil 
cleanup standard (See Figure 1 on following page).  Key input parameters include:   

• Target Blood Lead Level:  Ecology used a mean blood lead level of 7.8 ug/dL to 
establish the lead cleanup level.  As described above, Ecology estimated that a mean 

                                                 
15 MTCA cleanup levels are based on estimates of the “reasonable maximum exposure” (RME).  MTCA cleanup 
levels are based on estimates of the “reasonable maximum exposure” (RME).  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…” 
16 Several months after the MTCA rule was adopted, the CDC updated the federal blood lead screening 
guidelines.  Under the updated guidelines, a child was considered to have an elevated blood lead level if his/her 
levels were equal to or greater than 10 ug/dL 



Updating Cleanup Levels for Lead-Contaminated Soils – March 2010 Page 32 
 

blood lead concentration of 7.8 ug/dL should ensure that at least 99 percent of a 
population of young children would have blood lead levels less than 15 ug/dL. 

• Background Lead Exposure:  ATSDR reported that background exposure to lead in 
rural areas resulted in average blood lead levels of approximately 6.4 ug/dL.    

• Blood Lead to Soil Ratio:  ATSDR reported that blood lead to soil ratios reported in 
the scientific literature ranged from 0.6 to 6.8 ug/dL/1000 mg/kg.  Ecology used a 
value of 4.5 when establishing the cleanup standard for lead.   

Ecology used the equation in Figure 1 to calculate a lead cleanup level of @300 mg/kg.  
Ecology adjusted this value downward to 250 mg/kg based on a review of other regulatory 
programs and the impending CDC decision to lower the blood lead screening guidelines.   
 

Figure 1: 
Slope Factor Equation Used To Establish 1991 Soil Cleanup Level for Lead 

 

Where: 

BLL(tot)       =   Target Blood Lead Concentration (7.8 ug/dL) 

BLL (bkgd)  =   Background or Non-site Lead Exposure (6.4 ug/dL) 

Slope factor  =   Blood lead to soil ratio (4.5 ug/dL/1000 mg/kg) 

  

Methods and Policies Used During the 2001 Rule Revisions 

Ecology reviewed the scientific basis for the Method A value for lead when preparing the 
2001 rule revisions.  Based on that review, Ecology elected not to revise the Method A value. 

Methods and Policies Used During the 2004 Review 

Ecology updated the earlier evaluations when developing a statewide strategy for dealing with 
arsenic and lead-contaminated soils.  Based on that review, Ecology concluded that the 
Method A soil cleanup level for lead was consistent with current scientific information and 
MTCA policies.  This conclusion was based on four key determinations:   

• Sensitive population:  The updated evaluation of the lead cleanup standard also focused on 
young children as the most sensitive population.   

• Safe or acceptable level of lead exposure:  In 2004, the Centers for Disease Control and 
Prevention (CDCP) considered a child to have elevated blood lead levels if his/her levels 
were equal to or greater than 10 ug/dL.   

• Non-site contributions to lead exposure:  Ecology took into account that children are 
exposed to lead from multiple sources.  Ecology estimated non-site or background lead 
exposure using the default parameters incorporated into the IEUBK model.  Specifically, 
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non-site lead exposure was defined as the sum of lead intakes from air, drinking water and 
diet that were calculated using national default parameters specified by EPA.   

• Defining soil concentration consistent with preventing blood lead levels above safe or 
acceptable levels:  Ecology used the IEUBK Model (IEUBKwin v1.0 (build 254)) to 
evaluate the risks to young children associated with lead contaminated soils.  Ecology 
used the model to predict the mean blood lead level (CTE) and the probability that child 
blood lead levels would exceed 10 ug/dL (P10) at different soil lead concentrations.  
Ecology found that a soil concentration of 250 mg/kg (MTCA Method A cleanup level) 
corresponds to a P10 value of 1- 5%.  When the analysis is based on the 12-36 month age 
interval, the P10 value is 5% (See Table 1 below).  When the analysis is based on a 
broader age range (0 – 84 months), the IEUBK model predicts a P10 value of 1%.    

Table 1: Modeled Blood-Lead Concentrations (12 - 36 months) 
Soil-Lead 

Concentration 
(mg/kg) 

CTE PbB 
(µg/dL) 

P5  
% > 5 µg/dL 

P10 
% > 10 µg/dL 

P15 
% > 15 µg/dL 

     
20 1.3 0.3% 0.001% 0.0% 

100 2.4 5.7% 0.1% 0.004% 
200 3.6 24.1% 1.5% 0.1% 
300 4.7 45.6% 5.6% 0.7% 
400 5.8 63.0% 12.6% 2.2% 
500 6.9 75.2% 21.3% 4.9% 
600 7.9 83.3% 30.5% 8.5% 
700 8.8 88.6% 39.5% 12.9% 
800 9.7 92.2% 47.6% 17.8% 
900 10.6 94.5% 54.9% 23.0% 

1000 11.4 96.1% 61.2% 28.1% 
     

Soil concentration predicted to 
result in P5, P10 and P15 > 5% 90 ppm 250 ppm 500 ppm 

Ecology asked the MTCA Board to review the updated evaluation in 2004.  Based on the 
information available at that time, the Board concluded that the methods and assumptions 
used to support the current Method A cleanup level were scientifically defensible.  However, 
the Board also concluded:   

• Available scientific information does not permit the identification of safe or threshold 
concentration below which there are no health risks.  

• There is an emerging scientific consensus that blood lead concentrations of < 10 ug/dL 
can potentially be levels of concern with respect to children’s health.   

• The Board recommended that Ecology review whether the underlying basis for the 
current MTCA cleanup level remains consistent with the MTCA statutory directives.    
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Comparison of Methods and Policies Used in 1991 and 2004 

The evaluations performed in 1991 and 2004 used different methods and assumptions.  Table 
2 compares the key policies and methods used by Ecology to develop the original standard in 
1991 with the methods and policies used in the 2004 evaluation.   

Table 2:  Comparisons of Methods and Policies Used in 1991 and 2004 

Feature Original Cleanup Level (1991) 2004 Evaluation 

Sensitive Population Young Children Young Children 

Target Blood Lead Level 15 ug/dL 10 ug/dL 

Geometric Standard Deviation 3.1 1.6 

Probability of Exceeding Target 
Blood Lead Level 1% 1-5% 

Non-Site Lead Exposure 6.4 ug/dL 1.6 – 2.4 ug/dL 

Risk Model Slope Factor IEUBK Model 

Blood Lead to Soil Slope Factor 4.5 ug/dL/1000 mg/kg 7.9 ug/dL/1000 mg/kg 

GI Absorption Not Explicitly Addressed 30% 
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Appendix B 
Quality of Information Analysis 

Ecology believes that the draft revisions to the Method A soil cleanup level are consistent 
with current scientific information on health risks associated with exposure to lead in the 
environment.  Ecology has evaluated this issue using the quality of information criteria in 
WAC 173-340-702(16).  Although some of these criteria were developed to support site-
specific determinations, Ecology believes they provide an appropriate basis for reviewing the 
scientific foundation of potential regulatory revisions.  

(i) Whether the information is based on a theory or technique that has widespread 
acceptance within the relevant scientific community. 
The draft revisions to the MTCA Method soil cleanup level for lead are based on 
several theories and principles.  Ecology believes there is currently widespread 
acceptance of these theories and principles within the scientific community.  This is 
reflected in the conclusions reached by multiple scientific review panels that have 
reviewed the issues surrounding lead exposures and health risks.  While the various 
scientific reviews were conducted for different reasons, all of the conclusions appear 
to reflect a general acceptance of the principles summarized below.   

• Sensitive Population:  The current MTCA cleanup standard is based on preventing 
child exposure to lead-contaminated soils.  ATSDR (2007) has identified several 
populations that are unusually susceptible to lead exposure.  These include 
“…crawling and house-bound children (<6 years old), pregnant women (and the 
fetus), the elderly, smokers, alcoholics and people with genetic diseases affecting 
heme synthesis, nutritional deficiencies and neurological or kidney dysfunction…” 
(p. 237).  Ecology believes that there is a credible scientific basis for continuing to 
base the lead cleanup level on the protection of infants and young children.  The 
rationale for this conclusion includes: 

• Young children are a population group that is at higher risk because of several 
exposure and susceptibility factors:  (1) infants, young children and developing 
fetuses are particularly vulnerable to the effects of lead poisoning because lead 
interferes with the development of the central nervous system; (2) young 
children are more likely to be exposed to lead contaminated soils because of 
greater contact with soil and house dust; and (3) children absorb a greater 
percentage of ingested lead than adults.   

• Available scientific information continues to indicate that requirements based 
on child exposure will also protect older children and adults.  For example, 
ATSDR (2007) has reviewed and summarized the blood and bone lead 
concentrations corresponding to adverse health effects in children and adults 
(Table 2.1, p. 32).  With one exception17

                                                 
17 The one exception is neurobehavioral effects in elderly adults.   ATSDR notes that this may reflect higher 
vulnerability with age and/or the effects of cumulative life-time exposure that are less evident in younger 
populations that have lower time-integrated exposures.   In either case, Ecology believes that cleanup levels 
based on a child exposure scenario and susceptibility will also be protective for older adult populations because 
of the higher soil/dust contact rates for young children (relative to adults).    

, the blood lead concentrations 
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corresponding to adverse health effects in children are equal to or less than the 
blood lead concentrations associated with the same health effect in adults.  
EPA (2006, 2007c) has prepared similar analyses and reached similar 
conclusions (see next paragraph).   

• Recent regulatory requirements established by EPA and California are based 
on preventing adverse health impacts resulting from child lead exposure.  EPA 
(2006, 2007c) concluded that neurological effects in children and 
cardiovascular effects in adults appear to be the greatest public health 
concerns.  With respect to updating the NAAQS for lead, EPA (2008) 
concluded that young children remain the most sensitive population group.  
The CASAC Panel reviewed EPA’s conclusions and agreed with their decision 
to base the risk assessment and revised regulatory standard on young children.   

• Health Endpoint:  The current MTCA cleanup standard is based on preventing 
adverse neurological effects in young children.  However, lead has been 
demonstrated to exert “a broad array of deleterious effects on multiple organ 
systems via widely diverse mechanisms of action” (EPA, 2006).  Although lead 
exposure has been associated with a wide range of health effects, Ecology believes 
that there is a credible scientific basis for continuing to base the lead cleanup level 
on the prevention of adverse impacts on learning and other neurological effects in 
young children.  The rationale for this conclusion includes:  

• Available scientific information continues to indicate that neurodevelopmental 
effects remain a critical health endpoint.  As noted above, ATSDR (2007) has 
reviewed and summarized the blood and bone lead concentrations 
corresponding to adverse health effects in children and adults (Table 2.1, p. 
32).  With the exception of inhibition of aminolevulinic acid dehydratase 
(ALAD),  neurodevelopmental effects represents the most sensitive health 
endpoint.18

• Recent regulatory requirements established by EPA and California are based 
on preventing neurological and neurobehavioral effects (e.g. IQ deficits).  As 
noted above, the EPA (2006) has concluded that young children remain the 
sensitive population and neurological development remains the primary health 
concern.  The CASAC Panel reviewed EPA’s conclusions and agreed with 
their decision to use IQ alterations in young children as the critical health 
endpoint.    

   EPA (2006, 2007c) has prepared similar analyses and reached 
similar conclusions (see next paragraph).   

• Soil cleanup levels calculated using the MTCA cancer risk models are greater 
than 500 mg/kg19

                                                 
18 With respect to ALAD inhibition, ATSDR also noted  “…[a]lthough inhibition of ALAD occurs at very low 
exposure levels, there is some controversy as to the toxicological significance of a depression in ALAD activity 
in the absence of a detectable effect on hemoglobin levels.  Nevertheless, because the impairment of heme 
synthesis has a far-ranging impact not limited to the hemopoietic system, there is concern that developing 
organisms might be particularly susceptible...” (p. 30). 

.  Consequently, cleanup levels based on IQ deficits are likely 
to be protective of this endpoint. 

19  
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• Exposure Metric:  The current MTCA standard was developed using blood lead 
concentrations as the exposure metric.  However the current scientific literature 
provides a basis for using several exposure metrics (e.g. blood lead concentrations, 
bone lead concentrations, etc.).  Each exposure metric has been associated with 
one or more adverse health effects.  After reviewing the current scientific 
information, Ecology believes there are several scientific and practical reasons for 
continuing to use blood lead concentrations to characterize lead exposure when 
evaluating regulatory options.  The rationale for this conclusion includes:   

• Blood lead concentrations continue to be widely used as a biomarker of lead 
exposure by state, federal and international health agencies.   

• Blood lead concentrations have been used as a measure of exposure in key 
epidemiological and toxicological studies.    

• Federal and state regulatory agencies continue to use blood lead levels as a 
measure of exposure when establishing regulatory standards designed to 
protect human health.   

• Although, bone measurements are generally recognized as a better measure of 
cumulative lead exposure, the bone pool in children is much more labile than 
adults due to the more rapid turnover of bone mineral as a result of growth.  
Consequently, changes in child blood lead levels more closely parallel changes 
in total body burden than with adults.   

• Health Risks Below Blood Lead Levels of 10 ug/dL:  The current cleanup standard 
is based on preventing blood lead levels greater than 10 ug/dL.  The 10 ug/dL 
target value is based on the current blood lead screening guidelines from the 
Centers for Disease Control and Prevention (CDCP).  Under those guidelines, a 
child is considered to have elevated blood lead levels if his/her levels are equal to 
or greater than 10 ug/dL.  The federal screening value was adopted by CDC 
shortly after Ecology published the original cleanup standards in 1991.   The CDC 
value reflected scientific information available at the time which indicated that this 
level of exposure did not pose significant threats to child growth and development.  
However, even then, CDC acknowledged that lower concentrations may be 
harmful to children.  Ecology believes that current scientific information 
demonstrates that blood levels below 10 ug/dL can adversely impact child growth 
and development.  The rationale for this conclusion includes:   

• Numerous peer-reviewed scientific studies have reported adverse impacts on 
neurological development and learning deficits in children with blood lead 
levels below 10 ug/dL. 

• In 2004, the Advisory Committee on Childhood Lead Poisoning Prevention 
(ACCLPP) completed a review of the federal blood lead screening guidelines.  
The ACCLPP  concluded that “…[r]esearch conducted since 1991 has 
strengthened the evidence that children’s physical and mental development can 
be affected at [blood lead levels] <10 μg/dL.’’ 

• In 2004, the MTCA Science Advisory Board completed a review of Ecology’s 
Areawide Soil Contamination Strategy.  The Board concluded that “…there is 
an emerging scientific consensus around the conclusion that blood lead levels 
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of < 10 ug/dL can be harmful to children’s health. Consequently, the Board 
expressed reservations about using the MTCA cleanup level (based on a blood 
lead level of 10 ug/dL) to distinguish between soils requiring some type of 
action and soils that require no further action…” 

• The Washington State Department of Health (DOH) convened an expert panel 
in June 2008 to review and, as appropriate, update DOH’s guidelines related to 
lead exposure in children.  The expert panel (DOH, 2008) recommended that 
“…[t]he Department of Health should review and strengthen its guidelines 
regarding the appropriate medical responses for elevated blood lead levels.”   In 
their report, the panel also wrote “… the panel emphasized that there is no known 
“safe” threshold for lead. It also recognizes that lead levels between 5 and 9 
μg/dL can be harmful to children…. [t]he panel cautions that it is very important 
to institute meaningful follow-up actions when a child has a blood lead level 
between 5 and 9 μg/dL…(p.8) 

• When updating the NAAQS for lead, EPA (2007b,c) concluded that several 
health effects are associated with blood Pb levels that are well below 10 ug/dL.   
The agency concluded that there is now no recognized safe level of lead in 
children’s blood.  The CASAC Panel reviewed and concurred with EPA’s 
conclusions on this issue.  

• The California OEHHA recently updated the public health goal for lead in 
drinking water (0.2 ug/dL).  Specifically, OEHHA (2009a) elected to lower the 
existing PHG (2 ug/L) based on new studies relating neurobehavioral deficits 
to blood lead concentrations below 10 ug/dL. 

• Non-Linear Dose Response Curve:  Several studies indicate that incremental exposures 
associated with blood lead levels less than 10 ug/dL have a greater impact on learning 
than incremental exposure above 10 ug/L. 

• EPA (2007b,c) reviewed a wide range of estimates on the relationship between 
blood lead levels and declines in IQ scores.  Estimates range from - 0.25 IQ 
points/ug/dL to - 2.94 IQ points/ug/dL.   EPA concluded that the weight of 
evidence indicates that the blood-IQ loss relationship is non-linear with steeper 
slopes at lower doses. The CASAC Panel reviewed and concurred with EPA’s 
conclusions on this issue. 

• No Identifiable Risk Threshold:  EPA and several scientific committees have 
concluded that scientists are no longer able to identify a safe level of lead in 
children’s blood. 

• In 2004, the MTCA Science Advisory Board completed a review of Ecology’s 
Areawide Soil Contamination Strategy.   The Board concluded that “…there is 
an emerging scientific consensus around the conclusion that blood lead levels 
of < 10 ug/dL can be harmful to children’s health.  Consequently, the Board 
expressed reservations about using the MTCA cleanup level (based on a blood 
lead level of 10 ug/dL) to distinguish between soils requiring some type of 
action and soils that require no further action…” 

• In August 2007, the ATSDR completed an extensive review of toxicological 
and epidemiological studies on lead health effects (ATSDR, 2007).  Consistent 
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with the ACCLPP and EPA reviews, ATSDR noted that several studies have 
been published in recent years that support the view that there is no apparent 
threshold in the relationship between blood lead levels and neurobehavioral 
functions. 

• The Washington State Department of Health convened an expert panel in June 
2008 to review and, as appropriate, update DOH’s guidelines related to lead 
exposure in children.  The expert panel (DOH, 2008) recommended that 
“…[t]he Department of Health should review and strengthen its guidelines 
regarding the appropriate medical responses for elevated blood lead levels.”  In 
their report, the panel also wrote “… the panel emphasized that there is no known 
“safe” threshold for lead. ..(p.8) 

• When updating the NAAQS for lead, EPA (2007b,c) concluded that there is 
now no recognized safe level of lead in children’s blood.  The CASAC Panel 
reviewed and concurred with EPA’s conclusions on this issue. 

(ii) Whether the information was derived using standard testing methods or other 
widely accepted scientific methods. 
Ecology used the Integrated Exposure Uptake Biokinetic (IEUBK) Model to evaluate 
the current MTCA cleanup standard and options for revisions. Although other lead 
exposure models are available, Ecology believes that the IEUBK Model provides a 
solid foundation for evaluating and updated the MTCA soil cleanup standards for 
unrestricted land uses.  The rationale for this conclusion includes:   

• EPA-Recommended Exposure Model:  The EPA Superfund Program currently 
recommends that EPA risk assessors, potentially liable parties and state agencies 
use the IEUBK model to establish soil cleanup levels.  The IEUBK model was also 
one of several models used by EPA to support decisions on revising the NAAQS.   

• Extensive Use by State and Federal Cleanup Programs:  Many other state agencies 
use the IEUBK to establish soil cleanup levels for lead.  These include New Jersey, 
Oregon, Maryland, Minnesota, New Hampshire, Wisconsin, etc.    

• Recommendations from MTCA Science Advisory Board:  The Board reviewed 
Ecology’s Areawide Soil Contamination Strategy.  As part of that review, the 
Board concluded that (1) the IEUBK model was a sound approach for evaluating 
exposure to lead-contaminated soils and (2) the parameters and assumptions used 
by Ecology to estimate exposure are generally consistent with current EPA 
guidance materials. 

Ecology has relied on the scientific evaluations performed by EPA during their 
intensive four-year process to update the NAAQS for lead.   The health risk studies 
used to inform the EPA Administrator were conducted in accordance with standard 
epidemiological and clinical practices.   Those studies were subjected to extensive peer 
review both prior to publication in various scientific journal and after publication as 
the Clean Air Science Advisory Committee reviewed the basis for EPA’s conclusions. 
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(iii) Whether a review of relevant scientific information, both in support of and not in 
support of the proposed modification, has been provided along with the rationale 
explaining the reasons for the proposed modification. 
Summary:  Ecology has reviewed the reports from scientific review committees, the 
current scientific literature and recent regulatory analyses in order to identify key 
issues and the range of viewpoints on those issues.   

There appears to be general agreement that (1) blood lead concentrations below 10 
ug/dL pose a health risk for young children and other high risk population groups and 
(2) lead exposure due to air, water, soil/dust and food have significantly declined due 
to measures such as phasing out leaded gasoline, lead solder and lead-based paint.  
Given the current methods for establishing soil cleanup levels, Ecology finds itself in 
the position of evaluating information that supports both lowering the standard due to 
more current child health studies and increasing the standard due to declining 
exposure levels.   

[NEED TO EXPAND AFTER MARCH 22nd MEETING] 

    

(iv) Whether the assumptions used in applying the information to the facility are valid 
and would ensure the proposed modification would err on behalf of protection of 
human health and the environment. 
There are many sources of uncertainty and variability that complicate efforts to assess 
the health risks posed by lead-contaminated soils.  In those situations, regulatory 
agencies often must make assumptions when using available information to establish 
health-based concentration limits.  Most of the arguments against particular 
assumptions reflect legitimate differences of opinion on how to address such 
uncertainties.  Ecology believes that the key assumptions underlying the revised 
cleanup standard for lead-contaminated soils are valid and appear to err on behalf of 
protection of human health.   These include: 

• Sensitive Population Groups 
• Soil Bioavailability:   
• Geometric Standard Deviation (GSD) used to characterize population 

variability:   The GSD is a measure of variability intended to take into account 
several factors that cause different children to have different blood levels when 
they are exposed to similar concentrations of lead.20

                                                 
20 EPA (1994c) states that there are several sources of variability designed to be capture in the geometric 
standard deviation.   These include (1) different environmental context (carpeting, amount of grass cover) that 
may affect contact with environmental lead; (2) behavioral differences; (3) different exposures/contact rates; (4) 
measurement variability; (5) biological diversity; and (6) food consumption differences.    

  EPA (1994a) has 
established a default GSD of 1.6.  The default value may over- or under-
estimate the amount of variability in Washington State.  If greater variability is 
present (higher GSD), a higher percentage of children would be predicted to 
have blood lead concentrations above a specified level.  If less variability is 
present, a lower percentage of children would be predicted to have blood lead 
levels above a certain level.   It is somewhat unclear, what variations are 
actually captured in the GSD value.  However, the default value appears to 
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reflect less variability than observed for other hazardous substances and 
endpoints.  For example, NRC (1994) noted that preliminary studies on 
variations in cancer susceptibility suggest that variations in susceptibility can 
described in terms of a lognormal distribution, with 10% of the population 
being more or less susceptible than the median person.  This corresponds to a 
GSD of 2.0. 

• Concentration-Response Relationships:   
• Non-Site Exposure Due to Food, Drinking Water and Air: 
• Soil-Dust Relationships:  
• Lead Enrichment in Smaller Soil and Dust Particles:  Studies indicate that 

exposure to soil via ingestion occurs mainly through the finer fractions.   
Enrichment factors (ratio of lead concentrations in finer fractions (< 250 um) 
to lead concentrations in soil samples with wider range of soil particle sizes (< 
2 mm) ranging from 1.2 to 2 have been reported in various studies21

[NEED TO EXPAND AFTER FINISH SENSITIVITY ANALYSIS AND/OR PRA] 

.  EPA 
(2003d) recommends that soil samples be sieved and that results from soil 
fractions smaller than 250 um be used with the IEUBK model.  However, 
much of the information on lead concentrations in Washington soils is reported 
for the 2 mm size fraction.  Consequently, comparisons based on current soils 
data are likely to underestimate the number of properties with soil 
concentrations above health-based values predicted by the IEUBK. 

 

(v) Whether the information adequately addresses populations that are more highly exposed 
than the population as a whole and are reasonably likely to be present at the site. 

The current MTCA cleanup standard is based on preventing child exposure to lead-
contaminated soils.  ATSDR (2007) has identified several populations that are 
unusually susceptible to lead exposure.  These include “…crawling and house-bound 
children (<6 years old), pregnant women (and the fetus), the elderly, smokers, 
alcoholics and people with genetic diseases affecting heme synthesis, nutritional 
deficiencies and neurological or kidney dysfunction…” (p. 237).    Ecology believes 
that there is a credible scientific basis for continuing to base the lead cleanup level on 
the protection of infants and young children.  The rationale for this conclusion 
includes: 

• Young children are a population group that is at higher risk because of several 
exposure and susceptibility factors:  (1) Infants, young children and developing 
fetuses are particularly vulnerable to the effects of lead poisoning because lead 
interferes with the development of the central nervous system; (2) young 
children are more likely to be exposed to lead contaminated soils because of 

                                                 
21 Stern (1994) used an enrichment factor of 1.2 to convert soil concentrations into indoor soil derived dust 
concentrations.   He estimated that the range of enrichment factors could be characterized by a triangular 
distribution (1.0, 1.2, 3.0) which translate into an arithmetic mean of 1.6.   EPA collected soil and dust samples 
from homes at the Vasquez Boulevard/I-70 site near Denver CO and found that lead concentrations in dust were 
approximately 1.2 times higher than soil lead concentrations from the same property.   
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greater contact with soil and house dust; and (3) children absorb a greater 
percentage of ingested lead than adults.   

• Available scientific information continues to indicate that requirements based 
on child exposure will also protect older children and adults.  For example, 
ATSDR (2007) has reviewed and summarized the blood and bone lead 
concentrations corresponding to adverse health effects in children and adults 
(Table 2.1, p. 32).   With one exception22

• Recent regulatory requirements established by EPA and California are based 
on preventing adverse health impacts resulting from child lead exposure.  EPA 
(2006, 2007c) concluded that neurological effects in children and 
cardiovascular effects in adults appear to be the greatest public health 
concerns.  With respect to updating the NAAQS for lead, EPA (2008) 
concluded that young children remain the most sensitive population group.  
The CASAC Panel reviewed EPA’s conclusions and agreed with their decision 
to base the risk assessment and revised regulatory standard on young children.     

, the blood lead concentrations 
corresponding to adverse health effects in children are equal to or less than the 
blood lead concentrations associated with the same health effect in adults.   
EPA (2006, 2007c) has prepared similar analyses and reached similar 
conclusions (see next paragraph).     

(vi) Whether adequate quality assurance and quality control procedures have been used, 
any significant anomalies are adequately explained, the limitations of the 
information are identified and the known or potential rate of error is acceptable.   
Ecology has relied on studies, reports and analyses that were subjected to extensive 
public and peer review.   In particular, Ecology has relied on much of the scientific 
evaluations performed by EPA during their intensive four-year process to update the 
NAAQS for lead.   The health risk studies used to inform the EPA Administrator were 
conducted in accordance with standard epidemiological and clinical practices.   Those 
studies were subjected to extensive peer review both prior to publication in various 
scientific journal and after publication as the Clean Air Science Advisory Committee 
reviewed the basis for EPA’s conclusions.   

                                                 
22 The one exception is neurobehavioral effects in elderly adults.   ATSDR notes that this may reflect higher 
vulnerability with age and/or the effects of cumulative life-time exposure that are less evident in younger 
populations that have lower time-integrated exposures.   In either case, Ecology believes that cleanup levels 
based on a child exposure scenario and susceptibility will also be protective for older adult populations because 
of the higher soil/dust contact rates for young children (relative to adults).    
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Appendix C 
Evaluations Using the Integrated Exposure Update 

Biokinetic (IEUBK) Model  
Background 

The Environmental Protection Agency (EPA) published the initial IEUBK Model in 1994.  
Since that time, EPA has revised the model several times to incorporate new scientific 
information.  The most recent revisions were made in June 2009.  Those revisions include (1) 
updating the background blood lead concentrations using the most recent National Health and 
Nutrition Examination Survey (NHANES), (2) updating the age-specific values for dietary 
lead intake and (3) replacing the discontinuous function relating age and bone weight with a 
continuous function.  The IEUBK model is designed to evaluate lead exposures for young 
children (ages 0 – 84 months of age).  The IEUBK model includes four main components:    

• Exposure Component:  The exposure component calculates lead intake (expressed as ug 
of lead/day) using information on environmental lead concentrations (i.e. soil/dust, water, 
diet and air) and consumption rates (e.g. amount of water consumed per day).  Potential 
lead intakes were estimated by summing (1) lead intakes from air, drinking water and diet 
that are calculated using national default parameters specified by EPA (1994a, 1994b, 
2003c, 2003f) and (2) lead intakes from soil and dust containing lead concentrations 
similar to the levels found in Washington soils. 

• Uptake Component:  The uptake component estimates the amount of lead that is 
transferred from the gastrointestinal tract or lungs to the blood using (1) estimates on the 
amount of lead that is ingested/inhaled (from the exposure component) and (2) 
information on the bioavailability of lead in various environmental media (e.g. soils).  

• Biokinetic Component:  The biokinetic component estimates the level of lead in the blood 
stream using information on (1) lead uptake and (2) the transfer of lead between the blood 
and other organs and its elimination from the body through excretory pathways.   The 
output is expressed as a central tendency estimate (CTE) blood lead concentration. 

• Probability Distribution Component:  The probability distribution component produces 
graphs that display the probability that blood lead levels will exceed certain levels of 
concern (default = 10 ug/dL) for particular age groups or time periods using (1) the 
estimated CTE blood lead levels (from the biokinetic component) and (2) information on 
the variability of blood lead levels. 

Evaluation Methodology 

Ecology used the June 2009 version of the model (IEUBKwin32 Lead Model Version 1.1 
build9) to analyze the health risks associated with exposure to lead-contaminated soils. This 
assessment includes the following steps:    

1. Select Model Input Parameters.  The IEUBK model contains more than 100 input 
parameters that are initially set to default values.  Forty-six (46) of these parameters (e.g. 
soil level, soil dust intake rate, etc.) can be changed by the user based on site-specific data 
and/or new scientific information.  Ecology performed the analysis using two approaches:   
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• Integrated Exposure Model:  The IEUBK Model is designed to evaluate the 
impacts on blood lead concentrations from multiple sources (soil, dust, air, diet 
and drinking water).  Table 3 identifies the default parameters for these 46 
parameters.    

• Soil-Only Exposure Model:  Ecology also used most of the default parameters in 
the when evaluating soil-only exposure.  However, when evaluating soil-related 
health risks, Ecology assumed that the lead intake from the national food supply 
and public drinking water systems was zero.   

Table 3:  IEUBK Model Parameters Used in This Evaluation 
Exposure Parameter Units Value 

Constants 

Indoor air lead concentration (% of outdoor) % 30% 

Outdoor air concentration µg/m3 0.1 

Lead concentration in drinking water ug/L 4 (0) 

Total lead absorption (air) % 32% 

Total lead absorption (diet) % 50% 

Total lead absorption (soil/dust) % 30% 

Total lead absorption (water) % 50% 

Soil/dust weighting factor (fraction soil) % 45% 

Geometric Standard Deviation (GSD)  Unitless 1.6 

Age-Specific Values 

  0-1 1-2 2-3 3-4 4-5 5-6 6-7 

Time outdoors hr/d 1.0 2.0 3.0 4.0 4.0 4.0 4.0 

Ventilation rate m3/d 2.0 3.0 5.0 5.0 5.0 7.0 7.0 

Dietary lead intake µg/d 1.0 
(0) (0) (0) (0) (0) (0) (0) 

Drinking water ingestion rate L/d 0.2 0.5 0.52 0.53 0.55 0.58 0.59 

Soil/dust ingestion rate mg/d 85 135 135 135 100 90 85 

Soil/Dust Relationships 
Soil concentrations mg/kg Variable  

Fraction of indoor dust lead attributable to soil unitless Pbdust = (0.7 x Pbsoil) + 1023

2. Calculate Preliminary Remediation Goals (PRGs) That Reflect A Range of Policy 
Choices.  Ecology used the IEUBK to calculate PRG values that correspond to different 
combinations of target blood lead levels (1, 2, 5 and 10 ug/dL) and exceedance 
probabilities (10, 5 and 1%).    

 

3. Perform Sensitivity Analyses.  The blood lead concentrations predicted by the IEUBK 
model depend upon the parameters and assumptions used to estimate lead intake from 
soil, dust and other sources.  Ecology evaluated how sensitive the results were to choices 
on key input parameters.  This was done by examining how the modeling results varied 
with different input parameters. The sensitivity analysis addresses parameters that have 

                                                 
23 The multiple source analysis options for estimating dust concentrations includes contributions from soil and 
air.  Use of the default assumptions for ambient air levels translates into an increment of 10 mg/kg in dust 
concentrations.  
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been shown to have the greatest influence on model predictions in other evaluations. Risk 
evaluations of lead-contaminated soils have many sources of uncertainty and variability.  .  

• Age-Interval; 

•  Geometric Standard Deviation; 

• Soil Bioavailability; 

• Soil and Dust Relationships. 

Evaluation Results 

• Preliminary Remediation Goals Based on Different Policy Choices (Soil-Only 
Exposure Model):    

Preliminary Remediation Goals (mg/kg)– Soil-Only Exposure Model         
(Soil Lead Concentrations Rounded to Nearest Factor of 10) 

Target Blood Lead 
Concentration (ug/dL) 

Probability of Exceeding Target Blood 
Lead Concentration (%) 

10% 5% 1% 
10 600 490 340 

5 270 225 160 

2 100 80 60 

1 40 30 20 

• Preliminary Remediation Goals Based on Different Policy Choices (Soil-Only 
Exposure Model): 

Preliminary Remediation Goals (mg/kg)– Integrated Exposure Model         
(Soil Lead Concentrations Rounded to Nearest Factor of 10) 

Target Blood Lead 
Concentration (ug/dL) 

Probability of Exceeding Target Blood 
Lead Concentration (%) 

10% 5% 1% 

10 520 420 270 

5 200 150 90 

2 30 10 NA 

1 NA NA NA 
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Appendix D 
Key Technical and Policy Choices Underlying the 

Evaluation 

When making decisions on cleanup levels, the key policy choice resolves around the question 
“What is a safe or acceptable level of protection?”.  For lead, there are three intertwined 
issues that need to be addressed when answering this question.   

• What lead exposure model (soil-only vs integrated exposure) should be used to support 
regulatory decisions on site cleanup? 

• What is an appropriate target blood lead concentration to use when establishing soil 
cleanup levels for lead? 

• What is appropriate “probability of exceeding the target blood lead concentration” to use 
when establishing soil cleanup levels for lead?   

The draft proposal reflects a series of scientific and policy determinations.  Ecology 
recognizes that there is not always a clear separation between scientific and regulatory policy 
determinations and that multiple interpretations are inevitable given the scientific 
uncertainties and multiple opinions.  This section summarizes the technical and policy 
rationale for some of the more important choices.    

• Lead Exposure Model:  The Integrated Exposure Uptake and Biokinetic (IEUBK) Model 
was used to develop the current MTCA cleanup standard.  Although other lead exposure 
models are available, Ecology believes that the IEUBK Model provides a solid foundation 
for evaluating and updated the MTCA soil cleanup standards for unrestricted land uses.   
The model is well-documented, widely-used and consistent with current scientific 
information on susceptible populations and exposure metrics (see below).  However, the 
IEUBK model can be used to.  

• Target Blood Lead Concentration:  When making decisions on lead cleanup levels, the 
key policy choice is the target blood lead concentration.  Ecology has considered a range 
of target blood lead concentrations that reflect public health choices made by other state 
and federal agencies:   

• Target Blood Lead Level = 10 ug/dL:  The CDCP and DOH currently use this blood 
lead concentration to identify children with elevated lead exposure. 

• Target Blood Lead Level = 5 ug/dL:  Several agencies are using or considering  
using blood lead concentrations between 5 and 9 ug/dL to identify children with 
elevated lead exposure.  For example, the District of Columbia Department of 
Environment currently provides education and other intervention activities when 
screening values fall between 5 and 9 ug/dL.24

                                                 
24 To conduct primary prevention activities, DDOE has a strong focus in four areas: children with BLLs 5-9 
μg/dL, expectant mothers, proactive identification and elimination of lead hazards, and education to contractors 
on lead safe work practices (LSWP) under a joint pilot project with the U.S. Environmental Protection Agency 
(EPA). DDOE awarded a subcontract to Lead Safe DC to visit the homes of children with BLLs 5-9 μg/dL, 
provide one-on-one education and cleaning demonstrations to these families, collect dust samples, and perform 

  The ACCLPP work group on Lead 
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and Pregnancy is discussing similar guidelines for pregnant women.  This blood lead 
concentration was also identified by the DOH expert panel as a credible screening 
value for identifying children with elevated lead exposure.   

• Target Blood Lead Level = 2 ug/dL:  In the past, several environmental 
organizations have advocated lowering the blood lead screening guidelines to 2 
ug/dL (Gilbert 2005).   As shown in Table 3.2, this option falls at the higher end of 
the range of policy choices considered by EPA when updating the NAAQS for lead.  
In that process, EPA selected a target or acceptable public health goal of preventing 
a 2 point loss in IQ points due to air-related exposure.  When performing the 
technical evaluations on the rule revisions, EPA considered two concentration-
response (C-R) relationships for relating IQ point loss and blood lead concentrations 
(- 1 IQ points/ug/dL and -1.75 IQ points/ug/dL).  As shown in Table 3.2, use of the 
lower C/R relationship results in a target blood lead level of 2 ug/dL.   

• Target Blood Lead Level = 1 ug/dL:  The California Office of Environmental Health 
Hazard Assessment (OEHHA)  used 1 ug/dL as a target or acceptable blood lead 
concentration when revising the public health goal for lead in drinking water and the 
soil screening levels for residential and industrial properties.  As shown in Table 3.2, 
a target blood lead level of 1 ug/dL is also consistent with EPA’s choice of 2 IQ 
points and the use of a C-R relationship of -1.75.   

Table 3.2:   Target Blood Lead Levels Corresponding to Different Choices on Public 
Health Goals Measured by IQ Point Loss 

 Concentration/Response Values 
(IQ Point Reduction/ug/dL 

 -1   -1.75  

Environmental Protection Agency – NAAQS 
(Policy Choice – Prevent 2 IQ points loss due to air-
related exposure) 

2 ug/dL 1 ug/dL 

Office of Environmental Health Hazard Assessment 
– Soil Screening Guidelines (Policy Choice – 
Prevent 1 IQ point loss due to soil-related exposure) 

1 ug/dL 0.5 ug/dL 

 

• Reasonable Maximum Exposure/Probability of Exceeding Target Blood Lead 
Concentration:  Under the MTCA Cleanup Regulation, cleanup levels are based on 
estimates of the “reasonable maximum exposure” (RME).25

                                                                                                                                                         
HEPA vacuum cleaning in response to elevated dust wipe results. DDOE partnered with the DC Department of 
Health, Women, Infants and Children (WIC) Program, and Healthy Start Program to provide the same primary 
prevention interventions in the homes of expectant mothers. 

 

25 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…” 
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• The RME concept is based on the fact that no two people are identical.  Within any 
population group, people differ in terms of size, behavior, etc.  Given this variability, 
exposures will inevitably vary from person to person.   

• The use of the RME to establish cleanup levels is a policy choice.  With this choice, 
we are have elected to base decisions on a high end (but not worst case) estimate of 
individual exposures.  The RME is designed to provide conservative estimate that falls 
within a realistic range of exposures.  This is shown in the figure below.   

• 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.26

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

  The 
selection of the percentile used to characterize the RME is a policy choice that takes 
into account the risk policies, statutory directives and other decision factors.   

 

 
 

When using the IEUBK model to calculate a Preliminary Remediation Goal (PRG) or 
cleanup level, the user must specify a “probability of exceeding the cutoff”.  [The cutoff is 
the target blood lead concentration].  The probability of exceeding the cutoff represents an 
approximation of the percentile in the exposure distribution.  For example, the default 
value for the “probability of exceeding the cutoff” is 5%.   This corresponds to the 95th 
percentile of the exposure distribution.   

                                                 
26 U.S. Environmental Protection Agency.  2004.  An Examination of EPA Risk Assessment Principles and 
Practices.  EPA/100/B-04/0001. 
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Tables 3.3 and 3.4 show how the choice of percentile impacts the PRG calculation.  For 
any given target blood lead concentration, lower percentiles result in lower soil cleanup 
levels.    

Table 3.3:  Preliminary Remediation Goals (mg/kg)– Soil-Only 
Exposure Model  (Soil Lead Concentrations Rounded to Nearest 

Factor of 10) 

Target Blood Lead 
Concentration (ug/dL) 

Probability of Exceeding Target Blood 
Lead Concentration (%) 

10% 5% 1% 
10 600 490 340 

5 270 225 150 

2 100 80 60 

1 40 30 20 

 

Table 3.4:  Preliminary Remediation Goals (mg/kg)– Integrated  
Exposure Model  (Soil Lead Concentrations Rounded to Nearest 

Factor of 10) 

Target Blood Lead 
Concentration (ug/dL) 

Probability of Exceeding Target Blood 
Lead Concentration (%) 

10% 5% 1% 
10 520 420 270 

5 200 150 90 

2 30 10 NA 

1 NA NA NA 

Ecology believes that the policy choice of “probability of exceeding the cutoff” needs to 
be integrated with the policy choices on target or acceptable risk and lead exposure model.   
This is usually implicitly considered by regulatory agencies.  One exception is the Oregon 
DEQ guidance document on probabilistic risk assessment (DEQ, 1999).   In that 
document, DEQ established different percentiles for different risk levels.   For example, 
DEQ states “…[f]or individual carcinogens, a lifetime excess cancer risk for each carcinogen 
of less than or equal to one per one million at the 90th percentile, and less than or equal to one 
per one hundred thousand at the 95th percentile, each based upon the same distribution of 
lifetime excess cancer risks for an exposed individual…” (OAR 340-122-115(2)(b)).   

• Sensitive Population:  The current MTCA cleanup standard is based on preventing child 
exposure to lead-contaminated soils.  ATSDR (2007) has identified several populations that 
are unusually susceptible to lead exposure.  These include “…crawling and house-bound 
children (<6 years old), pregnant women (and the fetus), the elderly, smokers, alcoholics 
and people with genetic diseases affecting heme synthesis, nutritional deficiencies and 
neurological or kidney dysfunction…” (p. 237).  Ecology believes that there is a credible 
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scientific basis for continuing to base the lead cleanup level on the protection of infants and 
young children.  The rationale for this conclusion is provided in Appendix B.   

• Health Endpoint:  The current MTCA cleanup standard is based on preventing adverse 
neurological effects in young children.  However, lead has been demonstrated to exert “a 
broad array of deleterious effects on multiple organ systems via widely diverse 
mechanisms of action” (EPA, 2006).  Although lead exposure has been associated with a 
wide range of health effects, Ecology believes that there is a credible scientific basis for 
continuing to base the lead cleanup level on the prevention of adverse impacts on learning 
and other neurological effects in young children.  The rationale for this conclusion is 
provided in Appendix B.   

• Exposure Metric:  The current MTCA standard was developed using blood lead 
concentrations as the exposure metric.  However the current scientific literature provides a 
basis for using several exposure metrics (e.g. blood lead concentrations, bone lead 
concentrations, etc.).  Each exposure metric has been associated with one or more adverse 
health effects.  After reviewing the current scientific information, Ecology believes there 
are several scientific and practical reasons for continuing to use blood lead concentrations 
to characterize lead exposure when evaluating regulatory options.  The rationale for this 
conclusion is provided in Appendix B.   
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