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I. Introduction
 

The U.S. Environmental Protection Agency’s (EPA) Integrated Risk Information System (IRIS) 
Program develops human health assessments that provide health effects information on 
environmental chemicals to which the public may be exposed, providing a critical part of the 
scientific foundation for EPA’s decisions to protect public health.  In April 2011, the National 
Research Council (NRC), in their report Review of the Environmental Protection Agency’s Draft IRIS 
Assessment of Formaldehyde, made several recommendations to EPA for improving IRIS 
assessments and the IRIS Program.  The NRC’s recommendations were focused on Step 1 of the IRIS
process, the development of draft assessments. Consistent with the advice of the NRC, the IRIS 
Program is implementing these recommendations using a phased approach and is making the most 
extensive changes to assessments that are in the earlier stages of the IRIS process.  

Background on IRIS 

IRIS human health assessments contain information that can be used to support the first two steps 
(hazard identification and dose-response analysis) of the risk assessment paradigm.  IRIS 
assessments are scientific reports that provide information on a chemical’s hazards and, when 
supported by available data, quantitative toxicity values for cancer and noncancer health effects. 
IRIS assessments are not regulations, but they provide a critical part of the scientific foundation for
decisions to protect public health across EPA’s programs and regions under an array of 
environmental laws (e.g., Clean Air Act, Safe Drinking Water Act, Comprehensive Environmental 
Response, Compensation, and Liability Act, etc). EPA’s program and regional offices combine IRIS 
assessments with specific exposure information for a chemical.  This information is used by EPA, 
together with other considerations (e.g., statutory and legal requirements, cost/benefit information, 
technological feasibility, and economic factors), to characterize the public health risks of 
environmental chemical and make risk management decisions, including regulations, to protect 
public health.  IRIS assessments are also a resource for risk assessors and environmental and health 
professionals from state and local governments and other countries. Figure 1 illustrates where IRIS 
assessments contribute information within the risk assessment and risk management paradigms. 
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Figure 1. Risk Assessment Risk Management Paradigm (adapted from the National Research Council’s paradigm, 
1983). The red box shows the information included in IRIS assessments. 

II. Charge to the NRC Expert Panel 

In April 2012, EPA contracted with the NRC to conduct a comprehensive review of the IRIS
assessment development process.  The panel will review the IRIS process and the changes being 
made or planned by EPA and will recommend modifications or additional changes as appropriate to 
improve the process, and scientific and technical performance of the IRIS Program.  The panel will 
focus on the development of IRIS assessments rather than the review process that follows draft 
development.  In addition, the panel will review current methods for evidence-based reviews and
recommend approaches for weighing scientific evidence for chemical hazard and dose-response 
assessments. 

III. Overview of EPA’s Implementation of NRC’s Recommendations 

EPA agrees with the NRC’s 2011 recommendations for the development of IRIS assessments and
plans to fully implement the recommendations consistent with the NRC panel’s “Roadmap for 
Revision,” which viewed the full implementation of their recommendations by the IRIS Program as 
a multi-year process. In response to the NRC’s 2011 recommendations, the IRIS Program has made 
changes to streamline the assessment development process, improve transparency, and create 
efficiencies within the Program. The following sections outline the NRC’s 2011 recommendations 
and provide an overview of how the IRIS Program is implementing the NRC’s general and specific 



 

 
 


  

   
    

   

   
     

    
   

  
 

 

 
    

   
 

 
   

 
 

    
 

  
 

  
  

  
 

  

 
  

     
    

         
 

   
 

                                                           
  

 

recommendations.  Further details regarding changes that have been made and will be made in 
response to the recommendations are provided in Appendices to this report. 

In addition, chemical-specific examples demonstrating how the IRIS Program is currently
implementing the NRC’s 2011 recommendations have also been provided to the panel (see 
additional document provided, Chemical-Specific Examples Demonstrating Implementation of NRC’s 
2011 Recommendations). The examples cover literature search and screening, evaluation and 
display of individual studies, development of evidence tables, evidence integration, selecting 
studies for derivation of toxicity values, dose-response modeling output, and considerations for 
selecting organ/system-specific or overall toxicity values.  The examples are not to be construed as 
final Agency conclusions and are provided for the sole purpose of demonstrating how the IRIS
Program is implementing the NRC recommendations. 

NRC’s General Recommendations and Guidance 

NRC Recommendations1: 
•	 To enhance the clarity of the document, the draft IRIS assessment needs rigorous editing to reduce the 

volume of text substantially and address redundancies and inconsistencies. Long descriptions of particular 
studies should be replaced with informative evidence tables.  When study details are appropriate, they 
could be provided in appendices. 

•	 Chapter 1 needs to be expanded to describe more fully the methods of the assessment, including a 
description of search strategies used to identify studies with the exclusion and inclusion criteria articulated 
and a better description of the outcomes of the searches and clear descriptions of the weight-of-evidence 
approaches used for the various noncancer outcomes.  The committee emphasizes that it is not 
recommending the addition of long descriptions of EPA guidelines to the introduction, but rather clear 
concise statements of criteria used to exclude, include, and advance studies for derivation of the RfCs and 
unit risk estimates. 

•	 Elaborate an overall, documented, and quality-controlled process for IRIS assessments. 
•	 Ensure standardization of review and evaluation approaches among contributors and teams of 

contributors; for example, include standard approaches for reviews of various types of studies to ensure 
uniformity. 

•	 Assess disciplinary structure of teams needed to conduct the assessments. 

Implementation: 
 New Document Structure Implemented 

In their report, the NRC recommended that the IRIS Program enhance the clarity of the document, 
reduce the volume of text, and address redundancies and inconsistencies.  To improve the clarity of 
IRIS assessments, the IRIS Program has revised the assessment template to substantially reduce the 
volume of text and address redundancies and inconsistencies in assessments.  The new template 
provides sections for the literature search strategy, study selection and evaluation, and methods 
used to develop the assessment.  

1 National Research Council, 2011.  Review of the Environmental Protection Agency’s Draft IRIS Assessment of Formaldehyde. 
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The new document structure includes an Executive Summary in the beginning of each assessment 
which provides a concise summary of the major conclusions of the assessment.  Additionally, a 
newly developed Preamble describes the methods used to develop the assessment.  Each 
assessment will include information on the literature search strategy used to identify the evidence 
for consideration in developing the assessment, as well as the evaluation criteria and rationale used 
to make decisions about including or excluding studies in the assessment. 

The main body of the IRIS assessment has been reorganized into two sections, Hazard Identification 
and Dose-Response Analysis, to better focus on the role of IRIS assessments in the risk assessment 
paradigm and to further reduce the volume of text and redundancies/inconsistencies.  Information 
on assessments by other national and international health agencies, chemical and physical
properties, toxicokinetics, and individual studies has been moved to appendices (which are 
provided as supplemental information) to improve the flow of the document. 

In the Hazard Identification chapter of the new document template, the IRIS Program has developed
subsections based on organ/system-specific hazards to systematically integrate the available 
evidence for a given chemical (i.e., epidemiology, toxicological, and mechanistic data).  The 
assessment now uses evidence tables to present the key study findings that support how 
toxicological hazards are identified.  In addition, exposure-response arrays are being used as visual 
tools to inform the hazard characterization.  This chapter provides for a strengthened and more
integrated and transparent discussion of the weight of the available evidence supporting hazard 
identification.  The IRIS Program is also developing standardized study summary tables, which will
be included in the supplemental information, to present more detailed study characteristics and 
summary information. 

The Dose-Response Analysis section of the new document structure provides a section to explain the
rationale used to select and advance studies for consideration in calculating toxicity values based 
on conclusions regarding the potential hazards associated with chemical exposure.  Key data 
supporting the dose-response analysis are reported and the methodology and derivation of toxicity
values are described.  In addition, details of the dose-response analysis—including the data, models, 
methods, and software—are provided as supplemental information and described in sufficient
detail to allow for independent replication and verification. The Dose-Response Analysis section also 
includes tables and figures showing candidate toxicity values for comparison across studies and 
endpoints.  Finally, this section of the new document structure includes clear documentation of the
conclusions and selection of the overall toxicity values. 

The IRIS assessment template demonstrating the new document structure is 
provided in Appendix A. 

 IRIS Assessment Preamble Implemented 

In their report, the NRC recommended that the IRIS Program expand Chapter 1 of IRIS assessments 
to “describe more fully the methods of the assessment, including a description of search strategies 
used to identify studies with the exclusion and inclusion criteria clearly articulated and a better 
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description of the outcomes of the searches and clear descriptions of the weight-of-evidence 
approaches used for the various noncancer outcomes.” 

In accordance with this recommendation, the IRIS Program has replaced the previous Chapter 1 of 
IRIS assessments with a section titled Preamble to IRIS Toxicological Reviews which describes the 
application of existing EPA guidance and the methods and criteria used in developing the 
assessments. The term “Preamble” is used to emphasize that these methods and criteria are being 
applied consistently across IRIS assessments. The new Preamble discusses the following topics: 

• Scope of the IRIS Program; 

• Process for developing and peer-reviewing IRIS assessments; 

• Identifying and selecting pertinent studies; 

• Evaluating the quality of individual studies; 

• Evaluating the overall evidence of each effect; 

• Selecting studies for derivation of toxicity values; and 

• Deriving toxicity values. 

For each of these topics, the Preamble summarizes and cites EPA guidance on methods used in the 
assessment. The Preamble was included in the draft IRIS assessments of ammonia and 
trimethylbenzenes when they were released for public comment in June 2012 and will be included 
in all new IRIS assessments.  

The Preamble to IRIS Toxicological Reviews is included in Appendix B. 

 New Initiatives to Improve Overall Process, Quality Control, and 
Documentation In Progress 

In their report, the NRC recommended that the IRIS Program “elaborate an overall, documented, 
and quality-controlled process for IRIS assessment” and “assess disciplinary structure of teams 
needed to conduct the assessments.” In response to these recommendations, the IRIS Program has
developed several new initiatives and enhanced existing processes. These initiatives help to ensure 
that standardized approaches are use throughout IRIS assessments and major science decisions are 
rigorously vetted. 

IRIS assessments are developed by interdisciplinary teams of scientists (referred to as an 
“Assessment Team”) internal to EPA.  For each assessment, scientists with the necessary scientific 
backgrounds (e.g., neurotoxicology, epidemiology, developmental toxicology) are assigned to lead
or assist in the development of the assessment.  The expertise needed is chemical-specific and the 
personnel assigned to the assessment team are identified in the early stages of planning and
document development. 



 

 

  

 

 
    

 
    

 
   

       
      

  
  

 

     
    

     
     

    
 

  
   

   
   

    
      

 

      
     

    
 

  
     

  

   
    
   
  
  
    

Contractors may provide technical and analytical support to the chemical assessment teams during 
the development of assessments. This assistance may be provided in conducting literature
searches and identifying pertinent studies; developing evidence tables and exposure-response 
arrays using studies identified and evaluated by the IRIS Program; and performing dose-response
modeling (i.e., using EPA’s benchmark dose modeling software [BMDS]).  All materials provided by 
the contractor are evaluated in accordance with EPA policies regarding quality assurance and 
quality management, and specified in the contract. Contractor products are not incorporated into
IRIS assessments without significant Agency scientist review. EPA is responsible for the content 
and conclusions within the assessments and all scientific and policy decisions are made by the 
Agency. 

An example of instruction provided to contractors is available in Appendix C. 

Additionally, discipline-specific workgroups within the IRIS Program assist the assessment teams in 
developing assessments. These workgroups coordinate across assessments to ensure consistency, 
solve cross-cutting issues, and advance scientific understanding that contributes to decision-
making in IRIS assessments.  The discipline-specific workgroups cover topics related to: statistics
and dose-response analysis, physiologically-based pharmacokinetic modeling, and mechanistic 
data. 

In late 2011, the IRIS Program developed a new initiative, Chemical Assessment Support Teams 
(CASTs), as a means of formalizing an internal process to provide continuing quality control in the 
development of IRIS assessments.  This initiative uses a team approach to make judicious, 
consistent decisions during assessment development, to ensure that the necessary disciplinary
expertise is available for assessment development and review, and to provide a forum for 
identifying and addressing key issues at each stage of the assessment. There are three CASTs and
each team consists of four permanent core members: two senior scientists, a senior statistician, 
and a rapporteur (a staff scientist).  

All on-going IRIS assessments have been distributed and assigned across the three CASTs.  Each 
CAST meets periodically with the individual chemical assessment teams.  In addition to meeting 
with each chemical assessment team, the CASTs convene as a group once a week to discuss issues 
that have surfaced in the chemical-specific CAST meetings from the previous week.   Discussions at 
this meeting are relayed to scientists working on IRIS assessments during weekly meetings 
convened by the IRIS Program Director. 

The CAST initiative: 

• Provides a forum for problem solving; 
• Ensures appropriate disciplinary structure of assessment teams; 
• Pinpoints key issues early on in the assessment; 
• Identifies overarching assessment issues that require Program-wide discussions; 
• Increases objectivity in assessment decisions; 
• Monitors progress in implementing NRC’s 2011 recommendations; 

7 



 
  

 
 

8 


   
  
   

    
 

 
  

  
  

   

  
 

  
 

 

     
  

 
     

    
 

 

    
 

    
    

    
     

   
  

     
       

   
  

      
  

 

• Assists in responding to Agency, interagency, external peer review, and public comments; 
• Ensures consistency across assessments; and 
• Serves as a mechanism for documenting and communicating decisions. 

As noted above, the CASTs ensure documentation and communication of decisions. Documenting 
discussions and decisions from CAST meetings is the primary responsibility of the rapporteurs, 
who have developed a searchable database to capture comments received throughout assessment 
development and review as well as Agency decisions in response to these comments. This 
important information management tool, the Comment Tracker Database, allows for recording, 
reviewing, responding to, and analyzing comments and responses.  The IRIS Program is currently 
testing the use of this database. 

The CAST initiative is aimed at improving the quality and consistency of IRIS assessments as well as 
identifying overarching scientific issues to be addressed.  This process facilitates communication 
across the organization and consistency across assessments to improve the overall efficiency of the
IRIS Program. 

The Comment Tracker Database is further described in Appendix D. 

The IRIS Program also recognizes that it is important to understand the big picture in order to 
develop an assessment that is most informative and efficient for decision-makers.  Having a clear
understanding of the overarching environmental problems being addressed in the context of a 
chemical can help inform what an IRIS assessment will ultimately include.  This concept was 
supported by the NRC in their 2009 report Science and Decisions:  Advancing Risk Assessment when 
they recommended that EPA provide “greater attention on design in the formative stages of risk 
assessment.”  While the NRC was referring to the overall risk assessment paradigm, the spirit of the 
recommendation supports a scoping step before developing a hazard identification and dose-
response assessment (i.e., IRIS assessment).  Because of the importance of considering the scope of
an IRIS assessment, the IRIS Program is developing a new initiative to include a “scoping” process 
as an early step in developing IRIS assessments. The scoping process involves consultation with 
clients in EPA’s program and regional offices.  This early consultation provides an opportunity to 
identify key questions for framing various analyses and helps ensure that the assessment meets the 
needs and critical timelines of Agency decision-makers. 

The considerations for scoping during the development of IRIS assessments are 
further described in Appendix E. 

The IRIS Program has recently initiated ways to improve stakeholder engagement to help ensure 
transparency and the use of the best available science in IRIS assessments. When IRIS toxicity
values are combined with specific exposure information, government and private entities can use 
these values to help characterize the public health risks of chemical substances in various situations 
and support risk management decisions to protect public health. Environmental protection 
decisions can have potentially large impacts on the environment, human health, and the economy. 
Engaging with stakeholders can help facilitate the development of assessments and promote public 



 
  

 
 

    
    

   
     

  
  

  
  

  
 

      
       
   

     
 

     
      

     
   

   
    

   
   

 
    

   
  

 
 

 

    
      

       
 

discussion of key scientific issues. Therefore, stakeholder and public scientific engagement is an 
important part of supporting the best decisions possible. 

The IRIS Program considers a stakeholder to be any individual or group that participates in, has an
impact on, or could be affected by products produced by the IRIS Program. Public and stakeholder 
engagement has always been an important part of the IRIS assessment development process. The
May 2009 IRIS process provides multiple opportunities for engagement including: (1) public and 
stakeholder nomination of chemicals for assessment; (2) a public listening session for each draft
assessment; (3) public review and comment of draft documents; (4) a public peer review process; 
and (5) two opportunities for review and comment on draft assessments by other EPA scientists, 
other Federal agencies, and the Executive Office of the President.  

Recently, the IRIS Program convened two public meetings to engage with stakeholders. In 
November 2012, a public stakeholder meeting was held to discuss the IRIS Program in general. The 
meeting was intended to begin a series of dialogues between the IRIS Program and a broad and
diverse group of stakeholders. The goals of the meeting were to: engage stakeholders in the IRIS 
process; listen to views and needs of IRIS users in an open and respectful environment; facilitate 
improvements to the IRIS process; and initiate an ongoing dialogue between the IRIS Program and 
stakeholders.  In January 2013, a public stakeholder meeting, which focused on informing the plan 
for drafting a new IRIS assessment for inorganic arsenic, was convened. The meeting provided an
opportunity for stakeholders to comment on their expectations for the IRIS assessment, the current 
state of scientific information that should be considered when developing the assessment, and the 
potential impacts of the completed assessment. 

Another initiative involves the increased use of public peer consultation workshops to enhance the 
input from the scientific community as assessments are designed.  Information regarding specific 
peer consultation workshops will be announced to the public in advance of the meetings.  The goal 
of these workshops will vary. For example, the workshops may focus on the state-of-the-science for 
a particular chemical or provide a forum for discussion with experts about certain cross-cutting
scientific issues that may impact the development of a scientifically complex assessment. One of the 
first of these peer consultation workshops will focus on mouse lung tumors as they relate to human 
cancer risk.  This is an important issue for the IRIS assessments for naphthalene, styrene, and 
ethylbenzene. 

The IRIS Program will also conduct public dialogue meetings to discuss the available chemical-
specific data and the science issues for new IRIS assessments in the draft development stage.  IRIS 
will share with the public the list of references and tables summarizing the key studies prior to the 
meeting. 
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NRC’s Specific Recommendations and Guidance 

The NRC made twenty-five specific recommendations in five broad categories: 

•	 evidence identification, 
•	 evidence evaluation, 
•	 weight-of-evidence evaluation, 
•	 selection of studies for derivation of toxicity values, and 
•	 calculation of toxicity values 

The IRIS Program has been working to improve the approaches for identifying and selecting 
pertinent studies; evaluating and displaying individual studies; strengthening and improving
integration of evidence for hazard identification; and increasing transparency in dose-response 
analysis. 

The IRIS Program recognized the value of providing specific information to its assessment teams 
and contractors in order to develop IRIS assessments that satisfy the needs of the NRC 
recommendations.  In order to document these individual changes, the IRIS Program has compiled 
information into a working draft Handbook for IRIS Assessment Development.  This document is 
intended to more clearly summarize the internal processes and evaluation steps used to develop 
IRIS assessments.  The draft Handbook (which in its current form will be made publicly available) is
a work in progress and currently does not fully discuss each step in the IRIS assessment 
development process.  However, the draft Handbook contains important information that reflects 
the changes that have been implemented or will be implemented in response to the NRC 
recommendations. These changes are noted below and further described in the draft Handbook for 
IRIS Assessment Development in Appendix F.  

Evidence Identification: Literature Collection and Collation Phase 

NRC Recommendations: 
•	 Select outcomes on the basis of available evidence and understanding of mode of action. 
•	 Establish standard protocols for evidence identification. 
•	 Develop a template for description of the search approach. 
•	 Use a database, such as the Health and Environmental Research Online (HERO) database, to capture study 

information and relevant quantitative data. 

Implementation: 
 Identifying and Selecting Pertinent Studies In Progress 
The IRIS Program is adopting the principles of systematic review in IRIS human health assessments
with regard to providing an overview of methods and points to consider in the process of 
developing and documenting decisions. The focus of IRIS assessments is typically on the evidence
of health effects (any kind of health effects) of a particular chemical.  This is, by definition, a broad 



 
   

 
 

  
  

   
 

  
   

   
  

   
   

 
   

    
  

    
  

   
  

    
      

    
 

    
 

  
  

  
      

   
   

     

     
    

 
     

  
 

topic.  The systematic review process that has been developed and applied within the clinical 
medicine arena (evidence-based medicine) is generally applied to narrower, more focused
questions.  Nonetheless, the experiences within the clinical medicine field provide a strong 
foundation to draw upon.  The IRIS Program is planning to convene a workshop in spring 2013 on
this topic in order to have a public discussion of systematic review approaches that may be 
applicable to IRIS assessments. 

An IRIS assessment is made up of multiple systematic reviews.  The initial steps of the systematic 
review process formulate specific strategies to identify and select studies relating to each key 
question, evaluate study methods based on clearly defined criteria, and transparently document the 
process and its outcomes.  Synthesizing and integrating data also falls under the purview of 
systematic review.  Overall, this is an iterative process that identifies relevant scientific information 
needed to address key, assessment-specific questions. 

The IRIS Program has improved the approach to identifying and selecting studies pertinent to IRIS
assessments by adopting the principles of systematic review.  One of the strengths of systematic 
review is its ability to identify relevant studies, published and unpublished, pertaining to the
question of interest (e.g., what are the health effects of a chemical?). Additionally, by transparently 
presenting all decision points and the rationale for each decision, bias in study selection and 
evaluation is eliminated. 

The new IRIS assessment document structure includes a detailed description of the literature 
search strategy and study selection process used to develop IRIS assessments.  This section 
describes how the scientific literature was gathered, emphasizes how studies were selected to be 
included in the document, and, if applicable, explains the rationale for excluding potentially 
relevant studies from the assessment.  This section of the new document structure is specific to 
each chemical assessment.  It is designed to provide enough information that an independent 
literature search would be able to replicate the results of the literature search used by the IRIS 
Program in developing the assessment.  In this section, a link to an external database 
(www.epa.gov/hero) that contains the references that were cited in the document, along with those 
that were considered for inclusion in the assessment but not cited is provided. 

For more detailed information, see the “Identifying and Selecting Pertinent 
Studies: Literature Search and Screening” section in the draft Handbook for IRIS 
Assessment Development in Appendix F. 

See also Section 3 (“Identifying and selecting pertinent studies”) in the Preamble 
to IRIS Toxicological Reviews in Appendix B. 

A chemical-specific example of the implementation of this recommendation is 
available as “EXAMPLE 1 – Literature Search and Screening” in the Chemical-
specific Examples Demonstrating Implementation of NRC Recommendations 
document. 
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Evidence Evaluation: Hazard Identification
 

NRC Recommendations: 
•	 All critical studies need to be thoroughly evaluated with standardized approaches that are clearly 

formulated and based on the type of research, for example, observational epidemiologic or animal 
bioassays. The findings of the reviews might be presented in tables to ensure transparency. 

•	 Standardize the presentation of reviewed studies in tabular or graphic form to capture the key dimensions 
of study characteristics, weight of evidence, and utility as a basis for deriving reference values and unit 
risks. 

•	 Standardized evidence tables for all health outcomes need to be developed.  If there were appropriate 
tables, long text descriptions of studies could be moved to an appendix or deleted. 

•	 Develop templates for evidence tables, forest plots, or other displays. 
•	 Establish protocols for review of major types of studies, such as epidemiologic and bioassay. 

Implementation:
 
 Evaluating and Documenting the Quality of Individual Studies In Progress 
The IRIS Program is improving the approach to evaluating and describing the strengths and
weaknesses of critical studies and standardizing the documentation of this evaluation. This step in 
the systematic review process involves the evaluation of a variety of methodological features (e.g., 
study design, exposure measurement details, data analysis and presentation).  The purpose of this
step is generally not to eliminate studies, but rather to evaluate studies with respect to potential 
methodological considerations that could affect the interpretation of and relative confidence in the
results. It is worth emphasizing that the systematic evaluation of the study described in this step is 
conducted at an early stage of assessment development (i.e., after identifying the relevant sources 
of primary data but before developing evidence tables and characterizing hazards associated with 
exposure to a chemical). The results of this systematic evaluation may inform decisions about 
which studies to use for hazard identification, considerations to keep in mind when interpreting the 
results of specific studies, and which studies to move forward for dose-response modeling for 
derivation of toxicity values. 

For more detailed information, see “Study Quality Evaluation” and 
“Documentation of Study Quality Evaluations” in the Evaluation and Display of 
Individual Studies section in the draft Handbook for IRIS Assessment 
Development in Appendix F. 

See also Section 4 (“Evaluating the quality of individual studies”) in the 
Preamble to IRIS Toxicological Reviews in Appendix B. 

A chemical-specific example of the implementation of this recommendation is 
available as “EXAMPLE 2 – Evaluation and Display of Individual Studies” in the 
Chemical-specific Examples Demonstrating Implementation of NRC 
Recommendations document. 



 

 
 


    

   
     
  

     
 

 
 

 

    
   

  

 
      

  

  
 

 
  

 
 

  
   
  
  
  
 

 

 
   

  
  

  
  

  
   

 

 

 Evidence Tables 	  Implemented 
The IRIS Program has developed templates for evidence tables to standardize the presentation of 
reviewed studies in IRIS assessments. Once a literature search has been conducted and the 
resulting database of studies has been evaluated, evidence tables are developed to present 
information from the collection of studies related to a specific outcome or endpoint of toxicity.  The 
evidence tables include studies that have been judged adequate for hazard identification and 
display available study results, both positive and negative results.  The studies that are considered 
to be most informative will depend on the extent and nature of the database for a given chemical, 
but may encompass a range of study designs and include epidemiology, toxicology, and, other 
toxicity data when appropriate. 

For more detailed information, see “Reporting Study Results” in the Evaluation 
and Display of Individual Studies section in the draft Handbook for IRIS 
Assessment Development in Appendix F. 

A chemical-specific example of the implementation of this recommendation is 
available as “EXAMPLE 3 – Evidence Tables” in the Chemical-specific Examples 
Demonstrating Implementation of NRC Recommendations document. 

Weight-of-Evidence Evaluation: Integration of Evidence for Hazard 
Identification 

NRC Recommendations: 
•	 Strengthened, more integrative and more transparent discussions of weight of evidence are needed.  The 

discussions would benefit from more rigorous and systematic coverage of the various determinants of 
weight of evidence, such as consistency. 

•	 Review use of existing weight-of-evidence guidelines. 
•	 Standardize approach to using weight-of-evidence guidelines. 
•	 Conduct agency workshops on approaches to implementing weight-of-evidence guidelines. 
•	 Develop uniform language to describe strength of evidence on noncancer effects. 
•	 Expand and harmonize the approach for characterizing uncertainty and variability. 
•	 To the extent possible, unify consideration of outcomes around common modes of action rather than 

considering multiple outcomes separately. 

Implementation: 
 Integration of Evidence for Hazard Identification In Progress 
The IRIS Program has strengthened and increased transparency in the weight-of-evidence for
identifying hazards in IRIS assessments. Hazard identification involves the integration of evidence 
from human, animal, and mechanistic studies in order to draw conclusions about the hazards 
associated with exposure to a chemical. In general, IRIS assessments integrate evidence in the 
context of Hill (1965), which outlines aspects — such as consistency, strength, coherence, 
specificity, does-response, temporality, and biological plausibility — for consideration of causality 

13



 

 

    

 

14

 
   

  
      

   
  

 
    

   
   

    
  

  

   
   

 
      

   

   
      

    
    

 
 

  
  

  
    

   
 

  
       

    
 

   
    

    

in epidemiologic investigations that were later modified by others and extended to experimental 
studies (U.S. EPA, 2005a). 

All results, both positive and negative, of potentially relevant studies that have been evaluated for 
quality are considered (U.S. EPA, 2002) to answer the fundamental question: “Does exposure to
chemical X cause hazard Y?” This requires a critical weighing of the available evidence (U.S. EPA, 
2005a; 1994), but is not to be interpreted as a simple tallying of the number of positive and 
negative studies (U.S. EPA, 2002). Hazards are identified by an informed, expert evaluation and
integration of the human, animal, and mechanistic evidence streams. 

For more detailed information, see “Synthesis of Observational Epidemiology 
Evidence”, “Synthesis of Animal Toxicology Evidence”, and “Mechanistic 
Considerations in Elucidating Adverse Outcome Pathways” in the Evaluating the 
Overall Evidence of Each Effect section in the draft Handbook for IRIS 
Assessment Development in Appendix F. 

See also Section 5 (“Evaluating the overall evidence of each effect”) in the 
Preamble to IRIS Toxicological Reviews in Appendix B. 

A chemical-specific example of the implementation of this recommendation is 
available as “EXAMPLE 4 – Evidence Integration” in the Chemical-specific 
Examples Demonstrating Implementation of NRC Recommendations document. 

Currently, the IRIS Program is using existing guidelines that address these issues to inform 
assessments.  In addition, the IRIS Program is taking a more systematic approach in analyzing the 
available human, animal, and mechanistic data is being used in IRIS assessments. In conducting this
analysis and developing the synthesis, the IRIS Program evaluates the data for the: 

•	 strength of the relationship between the exposure and response and the presence of a dose-
response relationship; 

•	 specificity of the response to chemical exposure and whether the exposure precedes the 
effect; 

• consistency of the association between the chemical exposure and response; and 
• biological plausibility of the response or effect and its relevance to humans. 

The IRIS Program uses this weight of evidence approach to identify the potential hazards associated 
with chemical exposure. 

The IRIS Program recognizes the benefit of adopting a formal weight-of-evidence framework that 
includes standardized classification of causality. In addition to the NRC task, in which the panel will
review current methods for evidence-based reviews and recommend approaches for weighing 
scientific evidence for chemical hazard and dose-response assessments, the IRIS Program is
planning to convene a workshop to discuss approaches to evidence integration.  As part of this 
workshop, the various approaches that are currently in use will be acknowledged and compared for
their strengths and limitations. The workshop will include scientists with expertise in the 
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classification of chemicals for various health effects. The workshop will be open to the public, and 
the details will be publicly announced. 

The “Integration of Evidence Evaluation” section in the draft Handbook for IRIS 
Assessment Development in Appendix F is currently under development. 

Selection of Studies for Derivation of Toxicity Values 

NRC Recommendations: 
•	 The rationales for the selection of the studies that are advanced for consideration in calculating the RfCs and 

unit risks need to be expanded. All candidate RfCs should be evaluated together with the aid of graphic 
displays that incorporate selected information on attributes relevant to the database. 

•	 Establish clear guidelines for study selection. 
•	 Balance strengths and weaknesses. 
•	 Weigh human vs. experimental evidence. 
•	 Determine whether combining estimates among studies is warranted. 

Implementation: 
 Selection of Studies for Dose-Response Analysis	 Implemented 

The IRIS Program has improved the process for selecting studies for derivation of toxicity values as 
well as increasing the transparency about this process by providing an improved discussion and 
rationale.  Building on the individual study quality evaluations (described under Evidence 
Evaluation:  Hazard Identification in this report) that identify strengths and weaknesses of 
individual studies, for each health effect for which there is credible evidence of hazard, a group of 
studies are identified and evaluated as part of the hazard identification.  In evaluating these studies 
for selecting a subset to be considered for the derivation of toxicity values, the basic criterion is 
whether the quantitative exposure and response data are available to compute a point of departure
(POD).  The POD can be a no-observed-adverse-effect-level [NOAEL], lowest-observed-adverse­
effect-level [LOAEL], or the benchmark dose/concentration lower confidence limit[BMDL/BMCL]). 

Additional attributes (aspects of the study, data characteristics, and relevant considerations)
pertinent to derivation of toxicity values are used as criteria to evaluate the subset of studies for 
dose-response analysis.  Thus, the most relevant, informative studies are selected to move forward. 
The new document structure provides for transparent discussion of the studies identified for dose-
response analysis.   

For more detailed information, see “Selection of Studies for Derivation of 
Toxicity Values” in the Dose-Response Analysis section in the draft Handbook for 
IRIS Assessment Development in Appendix F. 

See also Section 6 (“Selecting studies for dose-response analysis”) in the 
Preamble to IRIS Toxicological Reviews in Appendix B. 



 
   

 
 

 
   

  
 

   

 
   

  
  

  
   

   
 

  

   
   

   
    

  
     

    

    
  

  

  

A chemical-specific example of the implementation of this recommendation is 
available as “EXAMPLE 5 – Selecting Studies for Derivation of Toxicity Values” in 
the Chemical-specific Examples Demonstrating Implementation of NRC 
Recommendations document. 

 Considerations for Combining Data for Dose-Response Modeling In Progress 
The IRIS Program is now routinely considering whether combining data among studies is 
warranted for the derivation of toxicity values.  For most IRIS assessments, the POD had been 
derived based on data from a single study dataset.  This is because in most cases, datasets are often 
expected to be heterogeneous for biological or study design reasons.  

However, there are cases where conducting dose-response modeling after combining data from
multiple studies can be considered, resulting in a single POD based on multiple datasets.  For 
instance, this may be useful to increase precision in the POD or to quantify the impact of specific 
sources of heterogeneity.  The IRIS Program has developed considerations for combining data for
dose-response modeling to be taken into account when performing dose-response analysis for an 
IRIS assessment. 

In addition, multiple PODs or toxicity values can be combined (considering, for example, the highest
quality studies, the most sensitive outcomes, or a clustering of values) to derive a single, overall 
toxicity value (or “meta-value”).  For example, the IRIS assessment for trichloroethylene (TCE)
identified multiple candidate RfDs that fell within a narrow dose range, and selected an overall RfD 
that reflected the midpoint among the similar candidate RfDs.  This RfD is supported by multiple 
effects/studies and lead to a more robust (i.e., less sensitive to limitations of individual studies) (for
more information: http://epa.gov/iris/subst/0199.htm, U.S. EPA, 2011). 

For more detailed information, see “Considerations for Combining Data for 
Dose-Response Modeling” in the Dose-Response Analysis section in the draft 
Handbook for IRIS Assessment Development in Appendix F. 
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Calculation of Reference Values and Unit Risks
 

NRC Recommendations: 
•	 Describe and justify assumptions and models used. This step includes review of dosimetry models and the 

implications of the models for uncertainty factors; determination of appropriate points of departure (such as 
benchmark dose, no-observed-adverse-effect level, and lowest observed-adverse-effect level), and 
assessment of the analyses that underlie the points of departure. 

•	 Provide explanation of the risk-estimation modeling processes (for example, a statistical or biologic model fit 
to the data) that are used to develop a unit risk estimate. 

•	 Provide adequate documentation for conclusions and estimation of reference values and unit risks. As noted 
by the committee throughout the present report, sufficient support for conclusions in the formaldehyde draft 
IRIS assessment is often lacking. Given that the development of specific IRIS assessments and their 
conclusions are of interest to many stakeholders, it is important that they provide sufficient references and 
supporting documentation for their conclusions. Detailed appendixes, which might be made available only 
electronically, should be provided, when appropriate. 

•	 Assess the sensitivity of derived estimates to model assumptions and end points selected. This step should 
include appropriate tabular and graphic displays to illustrate the range of the estimates and the effect of 
uncertainty factors on the estimates. 

Implementation: 
 Conducting and Documenting Dose-Response Modeling and 

Deriving Toxicity Values Implemented 
IRIS assessments, in general, include dose-response analysis to derive toxicity values.  In response
to NRC recommendations, the IRIS Program has improved the quality control of the overall dose-
response modeling process and increased transparency by documenting the approach for 
conducting dose-response modeling.  Part of this documentation is achieved with the addition of 
considerations for selecting organ/system-specific and overall toxicity values, and a streamlined 
dose-response modeling output (both part of the new document structure). Additionally, tools and
approaches to manage data and ensure quality (e.g., Data Management and Quality Control for 
Dose-Response Modeling) in dose-response analyses have been developed.  The objectives are to 
minimize errors, maintain a transparent system for data management, automate tasks where 
possible, and maintain an archive of data and calculations used to develop assessments. 

The IRIS Program has improved the documentation of dose-response modeling. Preamble Section 7 
provides a description of the process for dose-response analysis.  In addition, the text describing
the dose-response analysis will include a description of how the toxicity values were derived and 
will cite EPA guidelines where appropriate. 

For more detailed information, see “Data Management and Quality Control for 
Dose-Response Modeling,” and “Considerations for Selecting Organ/System-
Specific or Overall Toxicity Values” in the Dose-Response Analysis section in the 
draft Handbook for IRIS Assessment Development in Appendix F. 



 

 
 


    

 
 

   
   

 
   

 

  

 

 

     

 
   

  
   

 

 

    
    

     
    

      
  

    
   

    
   

   

    

                                                           
     

  
 

 

See also Section 7 (“Deriving toxicity values”) in the Preamble to IRIS 
Toxicological Reviews in Appendix B. 

Chemical-specific examples of the implementation of this recommendation are 
available as ”EXAMPLE 6 – Dose-Response Modeling Output” and “EXAMPLE 7 – 
Considerations for Selecting Organ/System-Specific or Overall Toxicity Values” 
in the Chemical-specific Examples Demonstrating Implementation of NRC 
Recommendations document. 

IV. Additional Initiatives 

External Peer Review Enhancements 

IRIS Peer Review Basics Implemented 
Rigorous, independent peer review is a cornerstone of IRIS assessments. Every IRIS assessment is 
reviewed by a group of internationally recognized experts in scientific disciplines relevant for the 
particular assessment.  The peer review process used for IRIS assessments follows EPA guidance on 
peer review2.  Most IRIS assessments are reviewed through contractor-organized or EPA’s Science 
Advisory Board (SAB) peer reviews.  All peer reviews, regardless of the reviewing body, involve a 
public comment period and public meeting (usually face-to-face). Following peer review, all
revised IRIS assessments include an appendix describing how peer review and public comments 
were addressed. 

Dedicated Chemical Assessment Advisory Committee 

EPA’s SAB has established a new standing committee, the Chemical Assessment Advisory
Committee (CAAC), to review IRIS assessments. In the past, the SAB formed a new committee for 
each chemical assessment that the SAB reviewed.  The new CAAC will provide the same high-level, 
transparent review as previous SAB reviews, but it will provide more continuous and overlapping 
membership for consistent advice. 

The CAAC is comprised of 26 highly qualified scientists with a broad range of expertise relevant to
human health assessment.  The CAAC members will serve on panels reviewing individual IRIS 
assessments.  Panels will be supplemented with added consultants who have expertise on the 
specific chemical substance or other areas of expertise needed to review the assessment.  The CAAC 
review process is expected to be similar to how IRIS assessment reviews are currently conducted 
by the SAB and will include the following: the public will be invited to nominate peer reviewers for
specific assessments; the proposed panels or pools of panelists will be posted for public comment; 
the proposed panelists will be screened by an Agency official for conflicts of interest; the final panel 
will be announced prior to the peer review phase. 

2 U.S. EPA (2006) Science Policy Council Peer Review Handbook - 3rd Edition, EPA document number EPA/100/B-
06/002.(http://www.epa.gov/peerreview/) and the EPA National Center for Environmental Assessment Policy and Procedures for Conducting 
IRIS Peer Reviews (2009, http://www.epa.gov/iris/pdfs/Policy_IRIS_Peer_Reviews.pdf). 

18

http://www.epa.gov/iris/pdfs/Policy_IRIS_Peer_Reviews.pdf


 
 

 
19
   

 

  

      
 

    
     

  

V. Summary 

EPA is committed to a strong, vital, and scientifically sound IRIS Program. Over the past two years, 
EPA has worked to strengthen and streamline the IRIS Program, improving transparency and
creating efficiencies. Significant changes have been made in response to the NRC recommendations 
and further efforts are underway to fully implement the recommendations.  
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Appendix A – IRIS Toxicological Review Template 

www.epa.gov/iris 

Toxicological Review of [Chemical]
 

[CASRN X-X-X] 

In Support of Summary Information on the 
Integrated Risk Information System (IRIS) 

DATE 

NOTICE 

This document is an [Agency Review, Interagency Science Consultation, Public Comment, 
External Review, or Final Agency/Interagency Science Discussion] draft. This information is 
distributed solely for the purpose of pre-dissemination peer review under applicable information
quality guidelines.  It has not been formally disseminated by EPA.  It does not represent and should 
not be construed to represent any Agency determination or policy.  It is being circulated for review 
of its technical accuracy and science policy implications. 

National Center for Environmental Assessment 
Office of Research and Development 

U.S. Environmental Protection Agency
Washington, DC 

This document is a draft for review purposes only and does not constitute Agency policy.
A-1 DRAFT—DO NOT CITE OR QUOTE 
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PREFACE
 

This Toxicological Review critically reviews the publicly available studies on [chemical] in 
order to identify its adverse health effects and to characterize exposure-response relationships. 
The assessment covers [....] It was prepared under the auspices of EPA’s Integrated Risk
 

Information System (IRIS) Program.
 
[Chemical] is listed as [....] [Why is EPA interested in this assessment?  Is the chemical
 

included on Agency lists (ex. HAPs, DWCL)?]
 
[If this is a reassessment...] This assessment updates a previous IRIS assessment of
 

[chemical] that was developed in [year]. The previous assessment included [....]. New information 
has become available and this assessment reviews information on all health effects by all exposure 
routes.  Organ/system-specific RfDs are calculated based on [applicable hazards, e.g., 
developmental, reproductive and immune system toxicity data]. These toxicity values may be 
useful for cumulative risk assessments that consider the combined effect of multiple agents acting 
on the same biological system. 

This assessment was conducted in accordance with EPA guidance, which is cited and 
summarized in the Preamble to IRIS Toxicological Reviews.  The findings of this assessment and 
related documents produced during its development are available on the IRIS Web site 
(http://www.epa.gov/iris).  Appendices for chemical and physical properties, toxicokinetic 
information, and summaries of toxicology studies and other information are provided as 
Supplemental Information to this assessment. 

For additional information about this assessment or for general questions regarding IRIS, 
please contact EPA’s IRIS Hotline at 202-566-1676 (phone), 202-566-1749 (fax), or 
hotline.iris@epa.gov. 

Assessments by Other National and International Health Agencies 

Toxicity information on [chemical] has been evaluated by [.... ]. The results of these 
assessments are presented in Appendix A of the Supplemental Information. It is important to 
recognize that these assessments may have been prepared for different purposes and may utilize 
different methods, and that newer studies may be included in the IRIS assessment. 

Chemical Properties and Uses 

[Appendix B...] 

http://www.epa.gov/iris
mailto:hotline.iris@epa.gov
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EXECUTIVE SUMMARY 

Occurrence and Health Effects 

[Placeholder for text] 

Effects Other Than Cancer Observed Following Oral Exposure 

Oral Reference Dose (RfD) for Effects Other Than Cancer 

Table ES-1.  Summary of reference dose (RfD) derivation 

Critical effect Point of departure* UF Chronic RfD 

[*Conversion Factors and Assumptions—] 

Confidence in the Chronic Oral RfD 

Effects Other Than Cancer Observed Following Inhalation Exposure 

Inhalation Reference Concentration (RfC) for Effects Other Than Cancer 

Table ES-2.  Summary of reference concentration (RfC) derivation 

Critical effect Point of departure* UF Chronic RfC 

[*Conversion Factors and Assumptions—] 

Confidence in the Chronic Inhalation RfC 

Evidence for Human Carcinogenicity 

Quantitative Estimate of Carcinogenic Risk From Oral Exposure 



   
  

This document is a draft for review purposes only and does not constitute Agency policy.
A-12 DRAFT—DO NOT CITE OR QUOTE  

  

 

 

 

 

  

 

 

 

 

 

 

1 

2
 

3 

4
 

5 

6
 

Quantitative Estimate of Carcinogenic Risk From Inhalation Exposure
 

Susceptible Populations and Lifestages
 

Key Issues Addressed in Assessment
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2. DOSE-RESPONSE ANALYSIS  

2.1. ORAL REFERENCE DOSE FOR EFFECTS OTHER THAN CANCER 
The RfD (expressed in units of mg/kg-day) is defined as an estimate (with uncertainty 

spanning perhaps an order of magnitude) of a daily exposure to the human population (including 
sensitive subgroups) that is likely to be without an appreciable risk of deleterious effects during a 
lifetime.  It can be derived from a no-observed-adverse-effect level (NOAEL), lowest-observed­
adverse-effect level (LOAEL), or the 95% lower bound on the benchmark dose (BMDL), with
 

uncertainty factors (UFs) generally applied to reflect limitations of the data used.
 

2.1.1. Identification of Studies and Effects for Dose-Response Analysis 

Hazard A 

Hazard B 

Hazard C 

2.1.2. Methods of Analysis 

Table 2-1 summarizes the sequence of calculations leading to the derivation of a 
human-equivalent point of departure for each data set discussed above. 

Table 2-1.  Summary of derivation of points of departure following oral 
exposure 

Endpoint and 
reference 

Species/ 
sex Model BMR BMD BMDL PODADJ PODHED 

Hazard A (ex. DEVELOPMENTAL) 

Hazard B (ex. REPRODUCTIVE) 
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2.1.3. Derivation of Candidate Values 

Table 2-2 is a continuation of Table 2-1 and summarizes the application of uncertainty 
factors to each point of departure to derive candidate values for each data set.  The candidate values 
presented in Table 2-2 are preliminary to the derivation of reference values in subsequent sections. 
The selection of uncertainty factors is based on EPA’s Review of the Reference Dose and Reference 
Concentration Processes (U.S. EPA, 2002; Section 4.4.5) and is described in Section 7.6 of the 
Preamble.  Figure 2-1 presents graphically the candidate values, uncertainty factors, and points of 
departure, with each bar corresponding to one data set described in Tables 2-1 and 2-2. 

Table 2-2.  Effects and corresponding derivation of candidate RfDs 

Endpoint and reference PODHED POD type UFA UFH UFL UFS UFD 

Composite 
UF 

Candidate 
value 

(mg/kg-day) 

Hazard A (ex. DEVELOPMENTAL) 

Hazard B (ex. REPRODUCTIVE) 

[Insert rationale for the application of uncertainty factors.  The value (e.g., 1, 3, or 10) of the 
uncertainty factor will depend upon the availability of data and what is known about the 
chemical…] 
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Figure 2-1.  Candidate RfDs with corresponding POD and composite UF.
 
[Note: Data shown here are provided only for illustrative purposes]
 

2.1.4. Derivation of Organ/System-Specific Reference Doses 

Table 2-3 distills the candidate values from Table 2-2 into a single value for each organ or 
system.  These organ or system-specific reference values may be useful for subsequent cumulative 
risk assessments that consider the combined effect of multiple agents acting at a common site. 

Hazard A
 

Hazard B 

Hazard C 
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Table  2-3.  Organ/system-specific RfDs and proposed overall RfD for  
[chemical]  
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 Effect  Basis 
 RfD 

 (mg/kg-day) 
 Exposure 
 description  Confidence 

 Hazard A    Ex. chronic  

 Hazard B   Ex. gestational   

 Hazard C    Ex. subchronic  

 Proposed 
 overall RfD    Ex. gestational  
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Table  2-4.  Summary of  derivation of points of departure  following inhalation  
exposure  

Endpoint and 
 reference 

 Species/ 
 sex Model   BMR  BMC  BMCL  PODADJ PODHED  

Hazard A (ex. DEVELOPMENTAL)  
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Table  2-5.  Effects and corresponding derivation of candidate  RfCs   

 Endpoint 
PODHEC  
(µg/m  3) 

POD 
 type  UFA  UFH  UFL 

 UFS 
 UFD 

 Composite 
 UF 

 Candidate 
 value 

(µg/m  3) 

Hazard A (ex. DEVELOPMENTAL)  

          

          

Hazard B (ex. REPRODUCTIVE)  
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Figure 2-2.  Candidate  RfCs  with corresponding POD and composite UF.  
[Note:  Data shown here are provided only  for illustrative purposes.]  13 
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1 In assessments of chemical mixtures, mixture 
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 c
d f

om
or

p
 th
on

eir ab

search seeks, in decreasing o
e
r
n
d
ts
er

. T
ility

he
 to
 lit

 r
er

e
a
fl
tu
ec

r
t 
e  

(U.S. EPA, 1986a, 2000):  
 of preference 

– 
– 

 
 

St
S

udie

ev
tu

a
di
lu

e
a
s
s of the ing  ass sse

 s
 s

 mixture  be e

tin
 of

g
 a

im
uf

il
fic
ar

i
ity
entl

, th
y s

e
i
 a
mil

ss
a
es

r mixt
smen

u
d. 

t 
r

 
e. In 

considers the alteration of mixtu


 

e
tr

nv
an

i
s
ro
fo

nm
rma

ent
tio

 t
n
h
. 
ro
 

ugh partitionin
r
g
e
 a
s i

nd 
n


 th
 

e 
 

–  S
th

tu
e  

di
mixtu

es of
r
 in
e, if 

div
 th

idu
er

a
e

l
 a
 c

r
h
e
e
 n
m

ot 
ic

a
a

de
l comp

quat
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l
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 c
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t
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1 Appendix C  – Example  of  IRIS Program  Direction  to
  
Contractors
  
CONDUCTING DOSE-RESPONSE  MODELING
  

NOTE: This section addresses only dose-response  modeling  of animal bioassay data from standard
  
experimental designs.  Analysis of animal data from complex experimental designs (for example,
  
repeated measurements on the same test subjects) and analysis of epidemiological studies require 
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1 A.  Preparing Data for Dose-Response Modeling  

The steps in  this section, especially steps 1 and 2, will  be most efficiently accomplished 
during preparation of data for hazard evaluation.  When a number of studies need to be  
compared, use of common units and allowance for different dosing regimens as  
described below will f
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Best Practices for Data Management to Support Modeling 

All data should be proofed against the original cited source before being used  
in any evaluations, comparisons, or analyses.  This should be done u

 

sing  
double inspection after data entry or by double entry followed by machine 
comparison.   

Permanently document all calculations and conversions, using a database or  
spreadsheet to record the individual terms, used to do calculations and to 
produce the adjusted  dose or concentration.    
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BMDS provides a “Transformation”  option to convert SE to SD.   
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7   U.S.  EPA Guidelines for Carcinogen  Risk Assessment (2005a), Section  2.2.2.1.2.  Statistical considerations, p.2-19, states:  “Statistical analysis  
of a long-term study should be performed for each tumor type separately.  The incidence of benign and malignant  lesions of  the same cell type,  
usually within a single tissue or organ, are considered separately but may be combined when scientifically defensible (McConnell et al., 1986).” 
8  The BMDS “cancer model” is a multistage model with non-negative coefficients,  and it  reports the “cancer slope factor” or potency, i.e., the  
ratio BMR/BMDL.  
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10 See Piegorsch, W.W., and A.J. Bailer, 1997, Statistics for Environmental Biology and Toxicology, London: Chapman & Hall.  Section 6.3.2, pp.
 
235-236.  SWG can provide a template spreadsheet for poly-3 calculation or an R program that makes the calculation along with a survival-

adjusted trend test.  Note that use of a weighting method to produce “adjusted” numbers at risk (i.e., poly-3, causes the dose-response
 
modeling assumption of binomially distributed observations no longer to be exact.  Software is also provided at
 
http://www.jstatsoft.org/v16/i07,   "A Computational Tool for Testing Dose-related Trend Using an Age-adjusted Bootstrap-based Poly-k Test",
 
by H. Moon et al. (2006) J. Statist. Software 16(7), 14 pages.

11 It is not clear that either method should always be preferred. There may be a variance-bias trade-off (greater accuracy and lower precision
 
for MSW) such that neither is uniformly ‘best’

12 The “quantal-linear” and “quantal-quadratic” models are special cases of other models in BMDS; there is no need to use them routinely.
 
Those models should only be applied in the unusual case that a mechanistic hypothesis (based on independent evidence and reasoning)
 
supports one of these models.
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Appendix D – Information Management Tool:  Comment 
Tracker Database 
During 2012, the IRIS Program as part of the CAST initiative identified a need for better 
documentation and communication of decisions. To address this need, an information management 
tool that allowed for recording, reviewing, responding to, and analyzing comments and responses 
was determined to be of value to the IRIS Program.  To this end, two databases were developed to 
(1) facilitate the analysis of, and response to, comments received during the course of developing 
an assessment and review, and (2) allow comparison of comments and recommendations as well as 
Agency responses made in multiple assessments. 

The first database consists of a MS Access 2007 database with a form designed to streamline data 
entry (Figure C-1). The form collects the following information fields on a given comment: 

Database ID # Overarching Issues* 
Charge Question ID (if relevant) Reviewer Agreement with EPA* 
Verbatim Charge Question (if relevant) Assessment Team Response/Level of Effort* 
Reviewer Revisions to Toxicological Review 
Topic* Response to Comment Appendix Location (Pg # 

and Charge Question) 
Stage at which Comment was Received* Official Response to Comment 
Verbatim Reviewer Comment Individual Addressing Comment 

Summary of Reviewer Points/Recommendations Completion Date 
Major Comment* Type of Review* 

*Fields contain a limited number of options to facilitate comparison across chemicals. 

Some fields contain a limited number of options for the user to choose from; for example, the topic 
field allows the user to link comments with various sections of the assessment, or with broader 
topics that may not be limited to a specific place in the document.  The form also includes a means 
of navigating the list of records as well as adding records for individuals with less experience with 
MS Access.  Additionally, pre-defined templates have been created that generate reports for 
different purposes (e.g., project management for the chemical manager, CAST review of comments 
received in peer review).  Further templates will be developed as needed. Finally, the database 
contains a query function (see Figures C-2 and C-3), allowing the user to look for specific comments, 
or patterns of comments using different selection criteria.  For example, a user can determine if 
certain comments are repeated at multiple points during assessment development, or restrict a 
search on a given term to a specific stage or type of review (e.g., limit the search to peer review 
comments only). 

The Comment Tracker Database provides a number of benefits to the IRIS Program, including: 

• The database serves as a quality-control tool.  With the flexibility to track public 
comments received during the life of assessment development as well as formal comments 
received during peer review, the database ensures that comments received from the public or 
external peer reviewers are adequately considered. 
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1 

Figure  C-1.  Screen capture of Comment Data Entry Form.   Drop-down menus contain pre-defined lists of content  
to facilitate management review and searchability of the database.  
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1 

Figure  C-2. Screen capture of  the Database Query Form.  Fields in the  query form are largely the same as in the  
Comment Data Entry Form to allow the user to define any  search parameters they may  find useful.  
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Figure  C-3.  Screen capture of a database query result, where the user searched the  public comments  on the 
draft  ammonia  assessment  for use of the term “endogenous.”  The search returned one result, with the user 
generating a report with the Reviewer, Topic (i.e., section  of the toxicological review associated with the 
comment), and Verbatim Reviewer Comment fields.  
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1 

Figure  C-4.  Database Query Form for multiple chemical comparisons.  The query form is identical to the query  
form in the Comment Tracker Database except for the inclusion of a field labeled “Chemical,” which allows the 
user to select specific chemicals  for comparison.  
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Figure  C-5.  Results of a multi-chemical query on the ammonia and trimethylbenzenes  databases (public  
comments only).  The user searched for the term “transparen*” in the verbatim text field and limited results to  
comments associated with  the Literature Search Strategy and Study Selection topic/section of the toxicological  
review, and the query returned information on  the Reviewer, Topic, Verbatim Comment, and Chemical.  Use of  
the wildcard  “*” insured that derivatives including “transparency” and “transparent” were both captured in the  
search.  The search  returned  three comments, two  for  the  trimethylbenzenes  draft assessment and one for the 
draft ammonia assessment; all the comments were  made  by the American Chemistry Council.   
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1	 Appendix  E – Scoping to Inform the Development of IRIS  
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Example of scoping: IRIS Assessment of Inorganic Arsenic  

IRIS implemented  a scoping  process  to inform  the  
development of the inorganic  arsenic  assessment.   
Scoping meetings were  held with  EPA  programs and  
regions  as well as with  interested stakeholders from  the 
public and other federal offices.   These  meetings  will  
inform the final planning and scoping  statement  for the  
inorganic arsenic assessment.  

The following factors were discussed and identified  by  EPA  
clients at the arsenic  planning and scoping meetings:  

Hazard Identification Needs:    

• 	 Consideration of cancer and noncancer  endpoints  
due to inorganic  arsenic  exposure.  

• 	 Inclusion of inhalation route in addition to oral.  
• 	 Consideration of exposure through occupational  

uses.  
• 	 Consideration of metabolites and oxidation state.  
• 	 Consideration of sensitive populations  and 

lifestages: in particular children, and in utero and 
perinatal exposure.  Evaluation of  genetic and 
epigenetic factors affecting susceptibility,  and 
impact of non-chemical stressors.   

Dose-Response Needs:    

• 	 Impact of measures of exposure,  bioavailability,  
and arsenic speciation.    

• 	 Risk at exposure to  naturally occurring  levels of 
inorganic arsenic.  

• 	 Estimation of  risk beyond a reference 
 
concentration.
  

• 	 Dose-response analyses that facilitate cost-
benefit analyses.  

• 	 Impact of uncertainties in the dose-response  
analysis.  

• 	 Transparent presentation of choices made in the 
assessment and the  supporting rationale.  
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Database 
PubMeda 

Description 
Approximately 5,600 medical, biology, and other life sciences 
journals (through MEDLINE), most back to 1966. 
www.pubmed.com 

Notes 
Uses Medical Subjects 
Headings (MeSH) terms 

Web of 
Sciencea 

12,000 science and social science journals, back to 1970.  Also 
includes conference abstracts.  Maintained by Thompson Reuters. 
http://apps.webofknowledge.com 

Can also do “forward” 
searching, i.e., searching 
for publications that cite 
a specified reference. 

TOXLINEa Toxicology journals, including developmental and reproductive 
toxicology (DART), technical reports and research projects, and 
archival collections; back to 1965 (a few citations dating back to 
the 1940's); run by NLM.  http://toxnet.nlm.nih.gov/cgi-
bin/sis/htmlgen?TOXLINE 

CASRN and synonyms 

TSCATS Toxic Substances Control Act Test Submissions Unpublished, 
studies submitted to EPA under TSCA Section 4 (chemical testing 
results), Section 8(d) (health and safety studies), Section 8(e) 
(substantial risk of injury to health or the environment notices) and 
FYI (voluntary documents).  TSCATS is included in the TOXLINE 
database via HERO from 1985 through 2004; for submissions after 
2004, use TSCATS2 at: 
http://yosemite.epa.gov/oppts/epatscat8.nsf/ReportSearch?OpenF 
orm Or for recent 8E and FYI submissions, search: 
http://www.epa.gov/oppt/tsca8e/pubs/8eandfyisubmissions.html 

Chemical name; CASRN 
Section 8(e) submissions 
most relevant 

Office of Pesticide 
Programs (EPA) 

PRISM 
Documentum 

Contains GLP guideline toxicology study reports for all pesticides 
from 1996 to present.  Study reports older than 1996 can be 
acquired within a few days.  Accessible to any EPA employee with 
FIFRA confidential business information access authorization. Go to: 
• OPP@Work - http://intranet.epa.gov/opp00002/ 

o OPP Applications (under popular sites in green box on left) 
o e-Registration Workflow (Documentum Login) 

Integrated 
Hazard 
Assessment 
Database 
(IHAD) 

Contains Data Evaluation Records (DERs; reviews of toxicology study 
reports), memoranda, cancer reports, metabolism reports, etc. for 
all of OPP.  Accessible through Lotus NOTES database to any EPA 
employee with FIFRA confidential business information access 
authorization 

a Accessible through HERO 

http://yosemite.epa.gov/oppts/epatscat8.nsf/ReportSearch?OpenForm
http://yosemite.epa.gov/oppts/epatscat8.nsf/ReportSearch?OpenForm
http://www.epa.gov/oppt/tsca8e/pubs/8eandfyisubmissions.html
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The Literature Search Is Often an Iterative Process:   
What You Learn From Reviewing the Results Should   

Feed Back Into Ways to Expand or Refine the Strategy  
 

 
Table  F-2.  Illustrative Example of Strategies to Improve Literature Search Results  
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Chemical Terms   Purpose of   
 (include synonyms and Additional Example Secondary Terms For Refinement of Search  

relevant metabolites)  Search  
Beryllium  and beryllium  Focus on  “Chemical” AND (alveolar  OR  BAL  OR brochoalveolar  OR “carbon  
compounds  pulmonary monoxide”  OR “chest  pain”   OR “chest tightness”  OR cough  OR 
 toxicity  crackles OR DLCO   OR dyspnea  OR FVC  OR “pulmonary edema” OR   

FEV OR  fibrosis  OR granuloma* OR  hypoxemia  OR pneumon*  OR 
pulmon* OR spirometry OR  “radiographic  X-ray”)  
 

Formaldehyde  Exclude use of “Chemical” NOT ("formaldehyde fixation" OR "formalin fixation" OR  
formaldehyde "formalin fixed" OR "formaldehyde fixed")  
as a fixative  

* indicates  wild-card search term;  search will include all permutations of the word with the specified backbone  
(e.g., *toxic* will include neurotoxic, toxicity, immunotoxicant, etc.)   

 
1C. Augmentation of a Database Search 
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Table  F-3. Example Worksheet Summarizing the Database Search Process (Note: this is  a research aid; this is  
not expected to be included in the finalized assessment)  

Database   Set #  Terms Hits  
 PubMed 

Date range  
 Search date 

 1A CHEMICAL TERMS; ADDITIONAL TERMS   

Web of 
 Science 

Date range  
 Search date 

1B    

 ToxNet 
Date range  

 Search date 

1C    

 Other 
Database  
Date range  

 Search date 

1D    

 Merged  
Reference 

 Set 

 1 (duplicates eliminated through electronic screen)   

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

Table  F-4. Summary of Additional Search Strategies  

1 
2 

 System Used   Selected Key Reference(s) Date  Additional References Identified  
Web of Science,  Review  study:   Yuko et al., 2000   N, citation(s)  
forward search   

 Review article: Smith et al., 2010  N, citation(s)  
 
Primary study:     Kim et al., 2006  N, citation(s)  

 Manual search Primary study:     Kim et al., 2006  N, citation(s)  
of cited   
references   Review article: Drew et al., 1966  N, citation(s)  
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Decision   Reasons 
1. Exclude from 

 consideration 
 • 
 • 
 • 

Duplicate  
Abstract only (full report not available)  

   Not relevant - define categories as appropriate, for example:  
   - study that uses chemical in sample preparation or assay  
   - study that uses chemical as a positive control  
   - study of effects on ecosystems  

 2. Not a primary data 
 source of health 
 effects data, but 

 keep as additional 
 resource 

 • 

 • 
 • 
 • 

Review articles, meta-analyses, editorials, risk assessments (use as source of  
additional references, discussion of key issues)  

  Articles describing development of measurement methods or exposure levels  
 Absorption, distribution, metabolism, and excretion studies 

 other (to be specified)  
 3. Further review   •  No abstract 

 needed  • 
 • 
 • 
 • 

  Language other than English 
Case reports  

 Not enough information in title and abstract to determine relevancy 
other (to be specified)  

 4. Move to full text 
 screening  

 • 
 

Seems to be relevant to question of health effects of Chemical X   
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f r
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e c
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 t
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 m
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 d
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 b
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 re
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e d
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b
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e t
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f t
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d
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o d
iscr

iff
e
er

p
en
a

n
n

 a
ci

p
es t

plie
ha

s t
t  

o 

w
fram

hy?
ew
” an

or
d
k
 t
s
h
: o
e o

ne as
ther

k
 as
in

k
g

i
 “
n
Do
g “

e
Is
s
 i
 t

t
h
 t
i
r
s
u
 s

e t
tud

h
y
at

 b
 [
elo
th
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 c
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s c
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 d
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s p
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 b
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 t
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 d
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 c
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 c
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 t
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 f
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e d
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 f
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 c
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 proce
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 b
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 c
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s o
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t p
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at
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c
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f p
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t
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Figure  F-2. Example  of Collation,  Human and Animal  Studies 
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1 Evaluation  and  Display  of  Individual Studies  
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Table  F-6.  General  Considerations for Evaluation of Features  of Epidemiology Studies   

1 
2 

 Feature Example Questions or Details   Useful Information  
Study design  
 

 Major types, based on approach to sample selection: cohort, case-control, 
  nested case-control, population-based survey (e.g., NHANES), times series, 

 case-crossover  

 Study methods  

Study  
population;   
target 
population;  

 setting 

  Where and when was the study conducted?  What is the source(s) of 
 exposure (environmental media, consumer products, occupational, an 

 industrial accident, or other)?  What was the recruitment process? How 
 was eligibility determined?  Does the study provide information on 

 potential vulnerable or susceptible groups?  
Address:  Potential generalizability of study results, potential for selection 

 bias, potential to address effect modification 

 Geographic area, site 
 (occupational, etc.), time 

period.    Age and sex 
 distribution, other details as 

needed (may include 
race/ethnicity, socioeconomic 

 status); recruitment process; 
  exclusion and inclusion criteria  

 Participation 
 rate;  

 follow-up  

 Did rates vary by exposure (or disease) status?  Were there differences 
between individuals who did and did not participate, or who were or were 

  not lost to follow-up? Is it known (or possible) that participation (or loss) is 
     related both to exposure and disease status?  Is there evidence of “healthy 

 worker” or “healthy worker survivor” effect?  Are differences likely to 
impact the observed associations (and if so, how)?    

 Address:  Potential for selection bias  

 Total eligible; participation at 
  each stage and for final 

 analysis group; loss to follow-
up, denominators used to  

 make these calculations; 
 length of follow-up 

Comparability  
 (exposed and 
 non-exposed; 

 cases and 
controls)  

   How were potential differences between groups addressed in the study 
design (e.g. randomization, restriction, matching) and/or analysis (e.g. 

 stratification, multivariate methods)?  How were variables associated with 
exposure and with outcome, or which alter the association between 
exposure and outcome, addressed in the study?  

  Address: potential for confounding and effect modification  

 “Table 1” type participant 
  characteristic data, by group; 

 approach to consideration of 
 potential confounding (if 

 applicable); strength of 
 associations between exposure 

and potential confounders and 
 between potential 

confounders and outcome  
Exposure  

 measures 
 (procedure, 

 range) 

Are exposure estimates qualitative, semi-quantitative or quantitative?   
 How well does the exposure protocol correctly classify or rank participants 

  with respect to exposure?  What is the likelihood of systematic  
 (differential) error?  What is the likelihood of random (non-differential) 

error?     Does the protocol adequately characterize exposure during the 
relevant time window?  What exposure range is spanned in this study?  

     Address: potential for exposure misclassification (either non-differential or 
  differential).  

Describe, i.e., type of  
 biomarker(s), occupational 

history, lifetime consumption,  
evidence from validation 

 studies, variability within and 
 between exposure groups  

 Outcome 
 measures 

 What is source of outcome (effect) measure? How well do the outcome(s) 
measures correctly classify participants with respect to the outcome? What 

  is the likelihood of systematic (differential) error?  What is the likelihood of 
   random (non-differential) error?  

    Address: potential for outcome misclassification (either non-differential or 
  differential).  

Describe (i.e., source, how  
 measured/classified, incident 

versus prevalent disease),  
evidence from validation 
studies  

 Data 
 Presentation 

and Statistical 
Analysis  

 Is the analysis appropriate for the data and the study question?  Are 
  aspects of the data (i.e., non-normal distributions, correlation structure) 

 adequately accounted for? Is the rationale for inclusion of variables in a 
model clear and logical? Are results presented with adequate detail? Is the 

 study population of adequate size and composition to detect a true 
  association (of a relevant effect size) between exposure and outcome? 

  Were stratified analyses (effect modified) motivated by a specific  
hypothesis?    

 Address:  ability to interpret and level of confidence in results  

How groups are compared 
(may include t-tests, ANOVA,  

 regression models, etc.); what 
 results are presented in text,  

 tables, and figures; n exposed 
cases (case-control studies) or 

 N cases among exposed 
(cohort studies).  
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Figure  F-3.  Example  Worksheet for Recording Methodological Details of Observational  Epidemiology Studies  
(Note: this is a research aid; this is not expected to be included in the finalized  assessment)  

 Reference (primary) 
 
Additional reference(s)  
 

Study Design  ____                                      cohort                            ____ case-control  ____ nested case-control         
____ population-based survey (e.g., NHANES)   ____    times series                     ____ case-crossover  
_____ controlled exposure            ____  other (describe) 

Setting    Describe, i.e., geographic area, worksite, clinic; time period…. 
 

     Descriptive Statistics (e.g., median, range, etc – what is 
  Study Population   Excluded if…..  reported will vary among studies) 

Age    
Sex    
Other details as relevant (e.g.,    
socioeconomic status)  
Duration of exposure    

Participant Recruitment  Describe process  
 
Evidence that knowledge of exposure and diseases status affected participation?  
 

  Participation Rates / Follow-up Total eligible:   Evidence of differential participation?  
  (separate data for cases and  Participated. any part (describe):  

controls, exposed and non-exposed Participated, all parts:   
if provided)   Loss to follow-up:  
  Length of follow-up:  

Comparability of Groups  Comparability between exposed and non-exposed; cases and controls (“Table 1” type 
sociodemographic data)  
 
 

Exposure measurement protocol    Describe, i.e., type of biomarker(s), occupational history, lifetime consumption…  
 

Biomarker(s) details   Sample collection (time of  Assay (e.g., coefficient of variation, limit of detection, 
  day, fasting?)  proportion < limit of detection), blinded to outcome 

 status?)  
 

Outcome measurement protocol   Describe (i.e., source, how measured/classified, incident versus prevalent disease, etc)  
  

Medical records    
   

Likely confounders?    Variables strongly associated both with exposure and with effect? What is strength of 
  associations in this study?  How addressed? 

 

 Analysis and presentation of results  Approach used; assumptions made regarding distributions or shapes?   
  
   Standard error or confidence intervals presented for effect estimates (or could be 

computed)?  

Statistical power considerations   n exposed cases (case-control studies) or n cases among exposed (cohort studies) 
  may differ for different effects    

 Reviewer Comments    May include summary evaluation of likelihood, direction, and magnitude of bias. 
  May include usefulness and feasibility of re-analysis. 
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consistently throughout the database of studies on that particular endpoint. 
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Table  F-7.   General  Considerations for  Evaluation of  Features of Animal  Toxicology Studies  

 

 
 
 
 

 

1 

2 
3 
4 
5 

6 

 

 Feature 

Exposure  
Quality  

Primary 
Question 
  Are the 

 exposures well 
designed and 

 tightly 
controlled?  

 
 

 General 
Attributes 

 

  

 Example Clarifying Questions/Considerations 

   How well was the test article identified and characterized? Are co-exposures 
 expected as a result of test article composition? 

 Was there a vehicle control group? 

Inhalation 
 Studies 

 

 

 

 For generation and measurement of the test article, how accurate and 
 appropriate were the methods employed? Were analytical concentrations in 

 the test animals’ breathing zone reported (i.e., not just target or nominal 
 concentrations)?  For aerosol studies, were the mass median aerodynamic 

 diameter (MMAD) and geometric standard deviation (GSD) reported?  
  Was a dynamic chamber used? Static chambers are not recommended.  

 Oral 
 Studies 

   Diet/Water: Could accurate doses be determined (e.g., was consumption 
  measured)?  Are there any expected or reported issues related to stability, 

homogeneity, or palatability of the test substance?   
   Gavage: To what extent would toxicokinetic differences due to bolus dosing be 

expected to influence the results?    
 Test Are the test    How well are the control and exposed test animals matched in aspects other than 

Animals   animals   exposure? Was information available to evaluate potential effects such as systemic or 
 appropriate for maternal toxicity that could confound interpretation of the endpoint of interest? Were 

 evaluating the  there any notable issues regarding animal housing or food and water consumption? 
specified     Based on what is known about the endpoint in question, how well do the species, strain, 

 effect(s)?  sex, age, and/ or number of test animals examined inform this evaluation? 
Study    Is the study    How well do the timing, frequency, and duration of exposures inform the effect(s) 

 
 Design  design 

 appropriate for 
 the test article 

and the 
evaluated 

 effect(s)? 

 measured? For example, are critical windows of development encompassed by the 
  exposures when assessing developmental toxicity? Were multiple exposure groups tested?   

   If the results are expected to be subject to confounding by factors introduced as a result 
  of selection bias, were efforts made to protect against this (e.g., control for potential 

  litter bias in developmental studies; randomization of treatment groups)?   
   How well do the timing and/or frequency of the endpoint evaluation(s) inform the 

 measured effect(s)? For example, is the latency between exposure and testing expected 
 to influence the level of confidence in the results?  

   Was the study conducted under Good Laboratory Practices (GLP)?   
    How well does the study conform to established guidelines (e.g., EPA, OECD)? Was it 

  designed to specifically test the endpoint(s) in question? 
   Did the study include other experimental conditions or procedures (e.g., surgery) that may 

 influence the results of the toxicity endpoint(s) in question? If so, were appropriate control 
 groups (e.g., sham) included in the study design?  

 Endpoint  Are the protocols       How well do the procedures used to evaluate the endpoint(s) in question conform to 
 Evaluation  used for 

 evaluating the 
endpoint(s)  
reliable and 

 specific?  

  established protocols? If novel or uncommon, are the approaches biologically sound?   
      What is the level of specificity of the protocols used? Did they include control experiments 

 to discern effect-specific contributions (e.g., learning and memory) from nonspecific 
  contributions (e.g., from motor activity) to the output measure (e.g., escape latency)  

    How sensitive are the protocols for a given endpoint?  
    As appropriate, were steps taken to minimize potential experimenter bias (e.g., blinding) 

  and sampling bias (e.g., evaluation of multiple tissue sections/ organ)? 
 Data 

Presentation  
 Do the results 

provided allow  
     Are the statistical methods and comparisons appropriate and transparent? If not, is 

  sufficient information available for the IRIS Program to conduct its own analyses?  
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Table  F-7.   General  Considerations for  Evaluation of  Features of Animal  Toxicology Studies  

1 
2 
3 
4 
5 
6 
7 
8 

9 

10 
11 
12 

13 
14 

15 

16 

 Feature 

and Analysis   

 Primary 
 Question 

 one to accurately 
identify the 
direction and 
magnitude of the 
observed effect?  

 Example Clarifying Questions/Considerations 

    Are there any notable issues regarding presentation of the results? For example, if data 
 were pooled (e.g., pooled exposure groups; pooled sexes) and this is expected to influence 

 interpretation of the results for a given endpoint, are the reasons justified?  
   Did the study report an unexpectedly high/low level of within-study variability and/or 

  variation from historical measures that was not addressed?  
Reporting  Are the methods 

 and results well 
documented?  

    Are all aspects of the study described in sufficient detail such that it can be evaluated 
 across the five study features presented above?  Are any critical descriptions missing?  

  Are group sizes and results reported quantitatively for each exposure group, time-point,  
and endpoint indicated as examined?   
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Table  F-8.   Evaluation of Observational Epidemiology Studies of Chemical X.  
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­

 Reference, 
 Setting and 

Design  

 Participants,
 
 Selection,
  

Follow-up 
 Comparability  

Exposure 
 
 Measure and
 

Range 
 
 Outcome 
 Measure 

 Consideration of  
Likely  

Confounding  

 Analysis and 
 Presentation of 
 Results (Estimate 

and Variability)  
Sample Size;  

Power  
 Evaluation of 

 Major Limitations  
  Lee et al., 

1995 
US (New  

 York) 
chemical X 
production 

 plant 
 (cohort) 

 All men, age at 
 baseline not 

 reported; 
 duration ≥ 12 

months (mean 
 2.2 years), 

 worked at plant 
 1960 – 1972  

 plant operations 
began in 1945.  
Follow-up 

 through 1990, 2% 
loss to follow-up,  
mean follow-up 
time 32 years  

 External (state 
 mortality rates) 

 referent; age 
and time-period 

 matched (5 year 
groupings). 
Healthy worker 

 effect seen for 
 CVD (SMR 0.7) 
 and all cancers 

 (SMR 0.9).   
 Internal 

referent: “no” 
exposure group  

Exposure based 
on job records 

 and personal/air 
 monitoring; 

cumulative 
exposure 
calculated 
based on 

 summations 
across all jobs 

 (duration times 
 average 

exposure)   

 Mortality 
(death 

 certificates, 
ICD-8 and 

 9, 
 underlying 

and 
contributin 

 g causes of 
death)  

External 
comparison: use 
of age and time-
period matched 
mortality rates.  

 

 SMR and 95% CI  Brain cancer:  
4 obs cases  

 
 

 Low statistical 
power; not an 

 inception cohort 
(had to “survive” 

 to 1960 to be 
included)  

  Johnson et 
 al., 1996 

US (24 
 states) (case

 control) 

All deaths 1984
1986.    Controls 
(died of causes 
other than 

 cancer; frequency 
 matched by age,  

 sex, state and 
race)  

 Matching 
 procedures for 

 cases and 
 controls 

 Death 
 certificate 

occupation 
 data; job 

 exposure matrix 
developed to  

 assess 11 
 chemical 

exposures  

 Mortality 
(death 

 certificates, 
 ICD-9), 

 underlying 
 cause of 

death)  

 Sex-specific odds 
ratios adjusted 

 for marital status, 
 race, 

 socioeconomic 
 status (3-levels), 

 age at death  

 OR and 95% CI  10,540 cases, 
 42,160 controls  

 

 Non-differential 
exposure 

 misclassification 
 likely, particularly 
 for women (lower 

quality occupation 
 data for women)  
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1 Table  F-9. Example of a tabular documentation of study evaluation for a large dataset. This example includes important issues regarding inhalation exposure quality, 
and  is broken into: (a) an evaluation of inhalation exposure quality; and (b) incorporation of this exposure  quality analysis into a larger evaluation with the other 5  
study features.  The data are  generalized and the endpoint is not specified. The results of this evaluation could be used to document an expert  judgment  that  “Smith  
et al., 1984”  is likely to be a more informative study (and  “Gray et al.,  2012,”  less) evaluating the endpoint in  question.  
 

(a) Evaluation of   inhalation  exposure  quality  
Reference  Test Article Generation  Analytical Analytical MMAD (GSD)  Chamber Vehicle Control  
(Species)  Characterization  Method  Method  Concentrations  Type  

Robust Exposure Chara  cterization Meet a robust standard for exposure quality  
Smith et al. (1984)   Test article (99%) Bubble generator  Infrared Reported  Not applicable   Dynamic Not needed  

solution in water  spectrophotometry    whole- body (Monkey)  
 Marginal Exposure Characterization    Studies that meet a marginal standard for exposure quality. Key exposure data are missing 

 Jones et al. (1986)   Solid test article (98.5%)  Thermal  Chromotropic acid Reported   1.3 (1.7)  Dynamic No  
Co-exposure likely  depolymerization  nose-only  (Mouse)  

Poor Exposure Characterization  Studies that may be inadequate for exposure response but which may support other studies in 
informing hazard  

Gray et al. (2012)   Not reported  Not reported  Not reported  Not reported Not applicable  Static  No  

(Rat)  
  Study deficiencies noted in bolded text. 

 
    (b) Evaluation of all features of animal toxicology study quality  

 Reference  Exposure  Test Subjects Study Design   Toxicity Endpoints Data and   Reporting 
a (Species)  Quality  Statistics  

 Smith et al. (1984) ++  ++  ++  ++  Not applicable  
++  

(Monkey)   Note: N=20   Note: 102 wk study  
  Jones et al. (1986)  + co-exposure  + N=5; variable ages at ++    Potential sampling bias;  + data represents  + Surgical 

(Mouse)   likely   onset of exposure No observer blinding pooled sexes   procedures not across groups   Note: 13 wk study   indicated; protocols reported  incompletely reported  
 Gray et al. (2012)  Test article and  Bacterial infection  No randomization across    

 (Rat) exposure  noted in animal colony;   litters into treatment groups; ++  Not applicable    Results data not 
 methods not  N= 3 litters; males only;  testing during exposure reported  

specified  overt maternal toxicity   expected to confound results; 
acute exposure  

a 

2 
3 
4 
5 
6 

Summary results from inhalation exposure quality analysis in “ Table F-9a.”  Criteria for the 6 categories developed based on the chemical and hazard type  in question.  
In this example:  gray  box =  examination of relevant  study details identified potential limitations that could influence interpretations of the study's results; '+' = criteria  
not completely met or potential issues identified, but unlikely to directly affect study interpretation; ++ = criteria determined to be completely met. Text accompanying  
summary table would explain key study  details informing these  determinations.   
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Human Evidence Tables: 

Table F-10. Template for Reporting Results From Observational Epidemiology Study 

Reference and Study Design Results 

Outcome 

[Reference]   (location) 

Study design, time period, 
description of study population 
(including sample size), 
Exposure assessment and estimates 
Outcome measure 

Related references (i.e., earlier 
publications of a cohort with 
exposure measurement details) 

Prevalence of outcome (if applicable, i.e., cohort studies) 
Prevalence of exposure (if applicable, i.e., case-control studies) 
Effect estimates (and variability measure (e.g., Beta and standard 
error, odds ratio and 95% confidence interval) 

Include results from analysis of exposure as a continuous measure 
and a categorical measure [if applicable)] 

2 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 ratios. 
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• As noted above, positive and negative results should be displayed regardless of ‘statistical 
significance.’  If available, however, there should be some indication of the variability in the 
result (such as a 95% confidence interval). 

• Include whether or how potential confounding variables were considered or adjusted for in the 
analysis. 

Animal Evidence Tables: 

Table F-11. Template Option 1 for Reporting Results From Animal Toxicology Studies 

Reference and Study Design Results 
Descriptor of Effect 

Reference 
species, strain, n /sex/group 
doses (converted doses) 
exposure route and details 
age and duration of exposure 

[effect ] (percent change compared to control) 
M 0 5 10 

- 3% 7% 
15 

20%* 
20 

40%* 
F 0 6 12 

- 3% 7% 
17 

20%* 
23 

40%* 
Species, strain, n /sex/group, 
(describe the chamber type; 
e.g., dynamic nose-only) 
Exposure regimen (e.g., 6 
h/day, 5 days/wk for 13 weeks) 
Test article  (substance used to 
generate the atmosphere) 
Analytical concentrations (in 
mg/m3; do not report target or 
nominal concentrations) 
MMAD (GSD): (aerosol only) 
Other critical information (e.g., 
sections of nasal turbinates 
examined) 

M 0 5 10 
- 3% 7% 

15 
20%* 

20 
40%* 

F 0 6 12 
- 3% 7% 

17 
20%* 

23 
40%* 

Percent change compared to control = (treated value – control value) ÷ control value x 100 
* Statistically significant (p<0.05) based on analysis by study authors 

Table F-12. Template Option 2 for Reporting Results From Animal Toxicology Studies 

Reference and Study Design Results 
Descriptor of Effect 

Reference 
species, strain, n /sex/group 
doses (converted doses) 
exposure route and details 
age and duration of exposure 

[effect] (percent change compared to control) 
Male Female 

0 
5 

10 
15 
20 

-
3% 
7% 
20%* 
40%* 

0 
6 

12 
17 
23 

-
3% 
7% 
20%* 
40%* 

*Statistically significant (p<0.05) based on analysis of data conducted by study authors. 
Percentage change compared to control = (treated value – control value) ÷ control value × 100. 
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When constructing the evidence tables for animal studies, the following should be considered: 

Study Design 
•	 The organization of the information in ‘Study Design’ column is flexible (i.e., species, duration, 

route) but must be consistent throughout tables in document. 
•	 Details about species and number of test subjects should be presented as species, strain, 

n/sex/group. 
•	 In the study design column, report administered doses, as specified in the study, and converted 

doses (when necessary) in mg/kg-d or mg/m3. Do not adjust for intermittent dosing. In the 
results column, report converted doses only. 

•	 Present average doses administered (converted from applied doses, using appropriate factors) 
’ before last dose (i.e., not 0, 1.0, 2.5, and 3.9 [e.g., 0, 1.0, 2.5, 3.9 mg/kg-d].  Do not use ‘or’ or ‘and


mg/kg-d).  Use at least two significant figures, except when presenting whole numbers (e.g., 0,
 
2.5, 5, 10, 112, 1,024).
 

•	 If converted doses are different in males and females present as: 0, 1, 2, 3 mg/kg-d in males; 0, 
4, 5, 6 mg/kg-d in females. 

•	 Provide the dose conversion calculation as a table footnote; note if authors reported the dose 
conversion. 
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The considerations described above are consistent with guidelines for systematic reviews 
t
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Animal toxicology studies fall into two broad categories: (1) general toxicology studies 
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NTEGRATION  OF EVIDENCE EVALUATION  

[Note: EPA is investigating the use of standard descriptors to  characterize the overall weight of 
the evidence for effects other than cancer.  The NRC will hold a workshop  in March 2013 on this  
topic, and EPA will follow  up  with a workshop to further develop this  topic.  In the meantime,  
the Preamble cites descriptors from  EPA’s  2005 Cancer Guidelines and, for effects other than 
cancer, the descriptors from  EPA’s Integrated Science  Assessments.]  
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Dose-Response Analysis 
SELECTING STUDIES FOR DERIVATION OF TOXICITY VALUES 

For each health effect for which there is credible evidence of hazard, a group of studies has 
been identified and evaluated as part of the hazard identification (See Section on Evaluating the 
Overall Evidence of Each Effect).  Once these studies have been identified, the basic criterion for 
selecting a subset for the derivation of toxicity values is whether the quantitative exposure and 
response data are available to compute a NOAEL, LOAEL or benchmark dose/concentration. When 
there are many studies, the assessment may focus on those that are more pertinent or of higher 
quality. 

The relative merits of deriving toxicity values for each endpoint will depend on the size of 
the relevant database and various preferences as stated in the IRIS Preamble Section 6 as well as 
specific considerations appropriate for each chemical and health endpoint.  All studies of sufficient 
quality (as evaluated in the Section on Evaluation and Display of Individual Studies) with data 
suitable for deriving toxicity values are considered (see the Benchmark Dose Technical Guidance 
sections 2.1.3, 2.1.5; U.S. EPA, 2012).  All aspects of study quality evaluation for Hazard 
Identification are also important for dose-response (Tables F-6 and F-7).  This section discusses 
additional considerations that are specific to dose-response analysis. 

Table F-13.  Attributes used to evaluate studies for derivation of toxicity values. 

Aspects of 
Study Data Characteristic Considerations 

Species studied Human studies Human data are preferred to reduce interspecies 
extrapolation uncertainties. 

Animal studies Animal data are considered as supporting studies when 
adequate human studies are available, and as principal 
studies when adequate human studies are not available. 
Results from experiments using mammalian laboratory 
animals are favored over those conducted using non-
mammalian species. 

Relevance of 
exposure 
paradigm 

Exposure route Studies by a route of human environmental exposure 
are preferred, although a validated toxicokinetic model 
can also be used to extrapolate across exposure routes. 

Exposure durations When developing a chronic toxicity value, chronic or 
subchronic studies are preferred over studies of acute 
exposure durations.  There are exceptions, such as when 
a susceptible population or life stage is more sensitive in 
a particular time window (e.g., developmental 
exposure). 
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Table F-13.  Attributes used to evaluate studies for derivation of toxicity values. 

Aspects of 
Study Data Characteristic Considerations 

Exposure levels Studies with multiple exposure levels are preferred to 
the extent that they provide information about the 
shape of the exposure-response relationship (BMDTG 
2.1.1). 

Potential Representativeness of the study In both cohort studies and case-control studies, higher 
selection bias sample to the target population and 

the potential for selection to be based 
jointly on both exposure status and 
disease status 

participation rates are preferred.  In cohort studies, 
higher follow-up rates are preferred. With lower 
participation (or follow-up rates), evidence for or against 
the potential for differential selection (e.g., greater 
participation of diseased among exposed compared with 
non-exposed) should be considered. 

Potential A confounder is a common cause of Studies with a design (e.g., matching procedures) or 
confounding both the exposure and the health 

outcome—thus, it is associated with 
both the exposure and the health 
outcome, but is not an intermediary 
between the two. 

analysis (e.g., procedures for statistical adjustment) that 
adequately address the relevant sources of potential 
confounding for a given outcome are preferred. 

Measurement Standardized exposure assessment Studies are preferred that evaluate exposure during a 
of exposure tools; validity and reliability biologically relevant time window for the outcome of 

interest, using higher quality exposure assessment 
methods that reduce measurement error. 
Measurement of exposure at the level of the individual 
is preferable to group-level exposures. 

Measurements of exposure should not be influenced by 
knowledge of health outcome status. 

Measurement Standardized outcome assessment Studies that evaluate outcomes using generally 
of health methods: validity and reliability accepted, standardized tools (e.g., disease classification 
outcome systems, neuropsychological evaluation questionnaires) 

are preferred.  

Measurement or assignment of the outcome should not 
be influenced by knowledge of exposure status. 

Power and Numbers of test subjects and doses; Preference is given to studies using designs reasonably 
precision experimental  design expected to have power to detect responses of suitable 

magnitude.3 This does not mean that studies with 
substantial responses but low power would be ignored, 
but they should be interpreted in light of a confidence 
interval or variance for the response. 
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 Table F-13.   Attributes used to evaluate studies for derivation of toxicity values.   

 Aspects of 
Study    Data Characteristic  Considerations 

NOTES:  
1  USEPA (2002), A Review of the Reference Dose and Reference Concentration Processes, EPA/630/P-02/002F 

 (page 4-11).  
  2 Eliminating studies for which responses were not statistically significant will lead to bias toward larger effects.  

   However, responses can be evaluated and weighted using standard errors or confidence intervals for the 
responses during hazard evaluation.    3 A judgment about endpoint and study ‘sensitivity’ or protectiveness can be 

5 5  made after dose-response modeling , in light of the range of candidate RfVs   and their precision and quality. 
 3  Power is an attribute of the design and population parameters; it cannot be inferred post-hoc using data from 

one experiment (Hoenig & Heisey, 2001, The American Statistician 55:19-24). Power is an ensemble property  
  (based on a concept of repeatedly sampling a population) and is not a property of an individual study.  

  

  
 

 
d

C

a

O

ta

N

se

SI

t

D

.
F
  Th

o

E

r

RAT

 m
is is b

os

I

t

O

 I
e
R

N

ca
IS 

S

u

 F

 
se 
as

O

 
se
i

R C

n
ss
 mo

me

O

st 

M

n
 ca
t

B

s

I

, ea
se

N

s

I

c
,

N

 d
h

G

 P
a

 D

t
O
ase

D 

AT

t
h
s a
as

A F

r
 b
e

O

e
 o
en

R D

fte
 d
n 
er

O

 

S

iv

E

ed

-R

 b

ES

as

P

ed

O

 o

N

n

S

 d

E M

ata fr

OD

om

EL

 a 

IN

si

G

ng

 
 

le study  

biolog
•  
•  

ical or study design reasons.  Sources of potential he
ex

terogene
 
i
t
t
o
y
 b
 in

e 
c
h
lud
eter

e: 
og
 

eneous for  

•  

Laboratory  procedures  used  

pected 

•  

P
Sex 

op
 
ulation, species, and/or strain studied  

Route  of exposure  

com
H
b

o
in

w
in
ev
g d

er
at
, t

a fr
her

o
e 
m
ar

 m
e 

u
ca

lt
s
ip
es 

le s
 wh

tu
er
d

e 
ies

o
, r
ne m

esu
ay 
lti

 
n
c
g
o

 i
n

n
si

 a 
der 

sin
 c

g
o
le P
ndu

O
c
D b
ting 

a
 
s
d
ed
ose

 o
-
n 
r
 
e
m
sp

u
o
lt

n
ip
s
le d
e  modeling  after  

s
in
our
sta

c
n
e
ce
s  of

, t
 he
his 

t
ma
erog

y b
en

e
e
 u

i
se
ty. 

f
 
ul to increase precision in the POD or to quantify the impa

at
ct

as
 of

et
 sp

s.  F
eci

o
fi
r 
c 
 

subsequent each 
P

 

reambl

No

e

te t
 t

h
o

a
 d

t
os
 de

e
r
-
iv
re

in
sp

g
on
 to

s
x
e m
ic
 
H

it

a
od
y

n

 v

d
e
a
l
bo

l
i
u
n
e

o
g 
s b

k 
 of  

ased o
 d
n
a
 c
tas
omb

et i
in
s d

in
i
g
s
 t
cu

h
s
e
s
 r
ed
es

 s
u

ep
lts 

ar
of

at
 multiple  datasets 

 Ex
, an
am

d
p
 as
les

s
 o
oc

f p
iat

reli
ed 

m
 draft 

POD based on  comb  
i ar

 

ining mu
n

ltip
y

l
 c

t). 

e
ons der

 tex  

a. 
 dat

i
aset

at
s in

potentially 

ely (see section 7.6 of 

 S

th

u

i

ffic

s q

ie

ues

nt

t

 qu

ion

a

, a

lit

s

y
  
 i

 fo
N
t  
o
c

r
te
an

 d
 th
e

 b

riv

e 
at s

i

au

ng
ta
t

 P

o
ti
m

O
s
D

io

s
cl
n

 (

s
u
s

 a

e
d
e

s
e 
 s

 t
 t
e

o
h
c

 w
e
t
 f
io

h
o
n

et
ll
 6 
o
h
w
er

i
 ar
ng: 

e 
  

 suitable to derive a 

Handbook  text). ti
at

c
i
a
c
l
ally
 pre

 a
c
c
is
c
i
o
o
u
n
n
 sh

 o
o
f P
ul

r
d 
e

 
o
A 

f
 c
 t
o
h
m
e r

m
e
o
a
n
so
 e

n
n

s f
dpo

or 
in
 co

t  o
n
f
sid
 co

e
n

r
c
in
ern

g co
 re

mb
port

in
e
in
d. 

g datase
ted 

ts 
 
ma
by s

no
a

t

m

at
t 
bl
 
i
be
s

e

ti

,
 a
c

 a

al w
 qu
nd a

a
ei
l
s
i
s

g
ty c
o

h

c

t

ia

i
o
n
ns
t

g

e

.  I

d 
id
 

n

d
e
ra

d
ra

f
t
t 
i
 
on for  

b. 
y be to increase o

eed, one 

 
t
A
h
 c
e
o
 sa
m

me 
mo

 
n
sp
 m

e
e
cif
as

i
u
c o

re
u
 o
t
f
co
 d

m
os

e
e
 me
 ava

a
i
su
lab

r
l
e
e
m
. 

en
  
t,
N
 n

o
o
t
t
e t
 ju

h
st
at

 a
 h
 co
er

m
e “

m
co

o
m
n t

m
ar

o
g
n
e
 en
t sit

dp
v . 

c. 
. 
o

e ci

e   
i
rall pre sion  

 
nt” refers to  

common (internal) dose  measure, par
  P

ti
B
c
P
u

K m
larly

o
 ac
dels 

ro
 
s
m
s r

ay
o
 b
ut

e u
es o

sefu
f ex

l 
p
fo
o
r
s
 e
ur

s
e. 
tim

 
ating a 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

2
 

3 

4 
5 
6 
7 
8 
9 

10 

F-55
 

    DRAFT MATERIALS FOR REVIEW ONLY – DO NOT CITE OR QUOTE
 



 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1
2
3
4
5
6
7
8

9
10
11
12
13
14

15
16
17
18
19

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

d.

DRAFT  MATERIALS FOR REVIEW ONLY  –  DO NOT CITE OR QUOTE
  
 

	  C
ex
ep

o
p
i

m

d
o
p

e
s
m

arable

 	 Eviden

u

c

r
i
e 

e d
o
 f
l
or
o
u
g

 d
r
y
at
)

u

. 

r

  
i
a
o
 

t
n
i
 a
on

 homoge

s
s

n

 w
, g

eou

ell
ive

s 

 as
n t

 res

 o
h

p

b
e

o

s
 n
er
a

v
tu

at
re
io

 o
n
f
 d
 th

u
e
r
 e
at

n
io
d

n
po

 (
i
e.
nt

g
. 
., fo
  No

ll
t
o
e t

w
h
-
at h

o

up
 t
 fo

i
r
s may

nses to d se

 canc
 i
e
n
r 

clude 

e.
to dose, so  convincing evidence would be ne

. S
ed

p
e
ec
d t

ie
o
s
 co
 an

n
d
s
 s
id

ex
er 

es
 co

 o
mb
ften

in
 d
in
iffer 
g.  A

 i
 h
n r

yp
es

o
p
th
o

e
n

s
se 

 	 
d
t

T

e
i
h

s
ffe
e

t

r

 of
r
e
en
 i

 n

s n
c
o d
e t
o o

i
h
f

n

f
at
e

e s

r
 m
e

t

n

u
at
c

d

e
t
y
er
 w

 th
s
oul
 (
at 

e.
 

d

i
g
s

 n

 c
., o

ot

le
f t
a

 b

r
h
e

ly
e s
 c n

i

ame m
i

f.  p

on

ref

v

er

i

r

c

e

n
ag

g

.   
n
 un

s 

d  
itu

le
d
s
e 
s i

as
t ha
 stan

s h
d
i
ar
gh p

d er
ow

ro
e
r
r
 o
 to d

f th
e
e m
tec

ean
t a  

).    

 
evaluate 

If p
in

o
 m

ten
or

t
e d
ially

et
 s
ai

u
l w
itab

het
le d

her
at

 t
as
he d

ets
at
 ar

a
e av
sets

a
 ar
ilab

e ap
le, t

pr
h
o
en
pr

 a 
iat

s
e fo
tatis

r
t
 c
ic
o
i
m
an

b
 n
in

eed
ing

s
, 
 t
an

o b
d i

e c
f s

o
o
n
, w
su

h
lt
at 
ed

 
 to 

 
CO

o
m

n
o
 t
d
h
e
e d
lin

e
g
s
 ap
ign

p
 o
ro

f t
ac

h
h
e 
es
un

 ar
der

e ap
lyi

p
n
r
g
o
 s
p
t
r
u
iat
di

e t
es an

o e
d
m

 t
p
h
lo
e s

y.  S
our

p
c
ec
es 

i
 
fi
o
c
f p
 cr

o
i
t
t
en
eri

t
a fo
ial h

r 
et
 such evaluations will depend  

NDUCTING DOSE-REPONSE MODELING  

erogeneity.   
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more detailed information  that summarizes the implementation of EPA’s guidance in IRIS  
assessments.]  
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The BMDS  Wizard expedites setting up modeling choices.  A user selects models from a  
menu and the Wizard creates a table showing options for each of these models.  One 
type of model can be selected several times, each for a different BMR value. The user 
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EXTRAPOLATION TO  LOWER DOSES  AND RESPONSE LEVELS  

[Note: EPA has guidance  addressing this topic.   The  draft Handbook  will eventually contain 
more  detailed information  that summarizes the implementation of EPA’s guidance in IRIS  
assessments.]  
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CONSIDERING SUSCEPTIBLE POPULATIONS AND LIFESTAGES  

[Note: EPA has guidance  addressing this topic.   The  draft Handbook  will eventually contain 
more de

 

tailed information  that summarizes the implementation of EPA’s guidance in IRIS  
assessments.]  

DEVELOPING CANDIDATE TOXICITY  VALUES   

[Note: EPA has guidance  addressing this topic.   The  draft Handbook  will eventually contain 
more detailed information  that summarizes the implementation of EPA’s guidance in IRIS  
assessments.]  
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[Note: EPA has guidance  addressing this topic.   The  draft Handbook  will eventually contain 
more detailed information  that summarizes the implementation of EPA’s guidance in IRIS  
assessments.]  
 
SELECTING FINAL TOXICITY VALUES  

[Note: EPA has guidance  addressing this topic.   The  draft Handbook  will eventually contain 
more  detailed information  that summarizes the implementation of EPA’s guidance in IRIS  
assessments.]  
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