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Dear Mr. Bassi and the City of Wildomar:

While we already sent you a comment letter, CEQA allows us to provide comments until
the agency’s final determination on a project. This is to follow up further on our
comments regarding the Baxter Village Mixed Use Draft Environmental Impact Report
(“DEIR”) and Final Environmental Impact Report (“FEIR”).

Regarding your health risk assessment (“HRA”), which is relevant not only to Air
Quality but also to Land Use because it affects your General Plan consistency, see
General Plan, Policy LU 10.2 (“Ensure adequate separation between pollution-producing
activities and sensitive emission receptors, such as hospitals, residences, and schools™),
we note it fails to address the particular acute, carcinogenic, and long-term developmental
effects upon unborn infants, infants, and children. Please see as Attachment A hereto
an EPA document regarding assessing these risks. OEHHA guidance requires that HRAs
be conducted outdoors, without the benefit of air filters, which almost certainly would
have led to a cancer risk of over 10 in a million for the general population. The HRA
and DEIR should be revised to address these impacts and then recirculated.

We also note that Health Risk Assessments are not based on the scientific method
because the scientific method requires one to (1) define a theory, (2) define an
experiment to test the theory, and (3) compare the theory with the data from the
experiment to validate or reject the theory. An HRA lacks the last two steps. The testing
here will be done on the residents of the homes and apartment buildings although the data
will never be gathered.

Regarding the Project’s emission of criteria pollutants, you claimed in the DEIR that the
emissions of NOx would be reduced to less than significant levels by reduced energy
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consumption but as stated in footnote 1 it was allegedly reduced emissions due to the
mixed use nature of the Project upon which you were relying. The DEIR should have
included the assumptions that went into this alleged reduction: you should have included
the assumptions regarding truck and car emissions that went into both Tables 4.3.K and
4.3.M. This requires recirculation.

Regarding Biological Resources, we reiterate our concern that the surveys for the
burrowing owl should be conducted closer in time to ground disturbance based on
Appendix D, page 29 of the CDFW Staff Report on Burrowing Owl Mitigation. Also, on
the same page of that Staff Report it says that one survey is not adequate to assure owls
are not present: “failure to locate burrowing owls during one field season does not
constitute evidence that the site is no longer occupied, particularly if adverse conditions
influenced the survey results.”

Concerning Mitigation Measure 4.4.6.3A, we believe you have failed to assure in
perpetuity mitigation because the provision allows for “land acquired for purposes of in
perpetuity mitigation or through purchase of mitigation credits or within an agency-
accepted offsite permitee-responsible mitigation area.”

Regarding Greenhouse Gas Emissions, you rely on a South Coast Air Quality
Management District threshold for emissions per service population. This was a draft,
unapproved threshold and it is inappropriate to rely upon it under Guidelines
§15064.4(b)(3). The draft threshold is not based on substantial evidence because it
includes both residents of the State of California and employees working in California,
which is double-counting. It was inappropriate and not based on substantial evidence for
you to include employees and customers and vendors in the service population. We also
disagree with your conclusion that the Project would not conflict with any plan, policy or
regulation adopted to reduce the emissions of greenhouse gases, regarding (1) SCAG’s
Regional Comprehensive Plan, (2) SCAG’s RTP/SCS, and (3) the County of Riverside’s
Draft Climate Action Plan, which you omitted to mention entirely. A copy for the record
is included as Attachment C hereto.

On Land Use, we have some additional comments regarding the Project’s lack of
consistency. Specifically, the Project is inconsistent with Land Use Policies LU 7.3
(“Promote the development of focused employment centers rather than inefficient strip
commercial development™), LU 7.10 (“Locate job centers so that they have convenient
access to the County’s multi-modal transportation facilities,”) LU 7.12 (“Improve the
relationship and ratio between jobs and housing so that residents have an opportunity to
live and work within the County”), LU 10.1 (“Provide sufficient commercial and
industrial development opportunities in order to increase local employment levels and
thereby minimize long-distance commuting”), LU 10.2 (“Ensure adequate separation
between pollution-producing activities and sensitive emission receptors, such as
hospitals, residences, and schools™), LU 10.4 (“Provide options to the automobile in
communities, such as transit, bicycle and pedestrian trails, to help improve air quality”),
LU 12.1 (*Provide land use arrangements that reduce reliance on the automobile and
improve opportunities for pedestrian, bicycle and transit use in order to minimize
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congestion and air pollution”), LU 12.2 (“Locate employment and service uses in areas
that are easily accessible to existing and planned transportation facilities”), LU 12.3
(“Locate transit stations in community centers and at places of public, employment,
entertainment, recreation, and residential concentrations™), LU 13.1 (“Preserve and
protect outstanding scenic vistas and visual features for the enjoyment of the traveling
public”).

We also note that your General Plan is internally inconsistent where it purports to
designate specific densities for areas designated Mixed Use Planning Area (“MUPA”),
and the City is violating its provisions regarding MUPAs in its proposed actions on the
Project. From what we can tell, this was done in the Housing Element, and we submit
that action was invalid. The Riverside County General Plan adopted as Wildomar’s
specifically provided that the MUPA designation “is applied to areas outside Community
Centers. The intent of this designation is not to identify a particular mixture or intensity
of land uses, but to designate areas where a mixture of residential, commercial, office,
entertainment, educational, and/or recreational uses, or other uses is planned.” See
General Plan, Table LU 4 — Land Use Designations Summary. The General Plan
provides that “In order for Community Center designation to be considered [in lieu of
MUPA], the project proponent is required to file a specific plan or specific plan
amendment, wherein issues relating to density, traffic, provision of transit services,
compatibility with other nearby land uses, fiscal impacts and other issues relating to the
viability of the Community Center proposal are addressed and resolved.” General Plan at
LU-66. The City has ignored this provision regarding this Project, and that its purported
adoption of specific densities for MUPAs is invalid.

In that respect, because no specific plan was developed here, the proposed actions also
violate Policy LU 23.8, “Allow mixed use projects to develop in commercially
designated areas in accordance with the Community Center Land Use Designation with
special consideration of impacts to adjacent uses.”

Regarding transit service, Policies including LU 23.5 require actual provision of transit
service, not merely “fair share” payments toward potential future transit stops.

Regarding Transportation and Traffic, we stated before that you assumed 2850 trips due
to internal capture, which is over 2 trips per day per resident. You responded that this
was due not just to internal capture but to “pass-by reductions.” As near as we can tell,
“pass-by reductions” amount to the same thing: trips by residents, either at the beginning
or end of the day. The estimate is excessive.

We dispute the propriety of your using 2013 traffic counts just because your original
Notice of Preparation was in 2013. Clearly, in a County anticipated to double in
population by 2020, it is not representative now.

Regarding both Hydrology and Water Quality and Public Utilities, you mentioned three
things in your FEIR that require recirculation: (1) EVMWD’s Contingency Plan and the
fact that we are in a stage 4a drought, (2) that DWR has designated Elsinore Basin as
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high priority for a Groundwater Management Plan, and (3) regarding imported water
supply, DWR projections in 2010 said exports could be reduced 150 to 200 thousand acre
feet “under mean hydrologic conditions,” which still do not apply in Southern California.

As we noted in an earlier comment letter sent to you but not included with the FEIR, you
failed to discuss Governor Brown’s Executive Order B-29-15 and its mandate of 25%
reduced water use statewide and in particular its prohibition on the use of potable water
for outdoor irrigation for new construction other than by drip or microspray methods.
This Executive Order was extended by other Executive Orders issued by the Governor in
November of last year, Executive Order B-36-15, and Executive Order B-37-16, from
May of this year (Attachment B hereto). The DEIR indicates the Project will use drip
but not microspray methods. DEIR at 4.10-16.

Concerning Energy Consumption, you concede that Table 5.C in the DEIR is flawed,
which you attribute to a “calculation error.” In fact, your Revised Table 5.C in the FEIR
comes up with completely different, dramatically higher numbers, which you attempt to
obscure by showing daily fuel consumption rather than annual consumption. The fact
that the Project will lead to the consumption of 1.5 million gallons of fuel annually, as
opposed to 133, 491, is a significant impact which requires recirculation.

Relating to your Alternatives Analysis, we have the additional comment that your “No
Project” Alternative’s analysis is contrary to what is allowed under a MUPA designation,
for the reasons we have addressed earlier in this letter.

Thank you for your consideration.

Sincerely,

Craig M. Collins

attachments: A-C
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DISCLAIMER

This document has been reviewed in accordance with U.S. Environmental Protection
Agency policy and approved for publication. Mention of trade names or commercial products

does not constitute endorsement or recommendation for use.

Preferred Citation:

U.S. Environmental Protection Agency (EPA). (2006) A framework for assessing health risks of
environmental exposures to children. National Center for Environmental Assessment,
Washington, DC; EPA/600/R-05/093F. Available from the National Technical Information
Service, Springfield, VA, and online at http://www.epa.gov/ncea.
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PREFACE

The mission of the U.S. Environmental Protection Agency (EPA) is to protect human

health and the environment. In the early 1990s, the National Research Council (NRC) released a

watershed report, Pesticides in the Diets of Infants and Children, regarding evaluation of risk to

environmental exposures (NRC, 1993). Increased emphasis on protecting children from

environmental exposures has evolved since this report due to mounting scientific evidence to
support the vulnerability of the developing fetus and child. Legislative and administrative
mandates have been enacted since this NRC report. In 1995, the EPA Administrator issued
Policy on Evaluating Health Risks to Children (U.S. EPA, 1995a), which states that EPA will
consider risks to infants and children consistently and explicitly as a part of risk assessments

generated during its decision-making process, including the setting of standards to protect public
health and the environment. Subsequent provisions in the Food Quality Protection Act (FQPA)
(U.S. 104™ Congress, 1996a) and the Safe Drinking Water Act (SDWA) Amendments (U.S.

104™ Congress, 1996b) underscored this policy by focusing on the evaluation of children’s

exposures and toxicities in the context of risk assessment. Evaluation of environmental risks to
children is an implicit consideration in human health risk assessment in other EPA legislative
mandates (Clean Air Act [CAA] [U.S. 101% Congress, 1990]; Comprehensive Environmental
Response, Compensation, and Liability Act [CERCLA] [U.S. 96" Congress, 1980], Toxic
Substances Control Act [TSCA] [ U.S. 94™ Congress, 1976], Federal Insecticide, Fungicide, and
Rodenticide Act [FIFRA] [U.S.104™ Congress, 1996c]). In 1997, Presidential Executive Order
13045, Protection of Children from Environmental Health Risks and Safety Risks (Executive
Order, 1997), gave further emphasis to the need for establishing potential risks from
environmental exposures during childhood. The EPA subsequently published Strategy for
Research on Environmental Risks to Children in 2000 (U.S. EPA, 2000f).

EPA risk assessment guidelines relevant to children’s health issues have been published
(U.S. EPA, 1991, 1996, 1998b, 2002a, 2005a,b,e), and other guidelines, policies, and
recommendations are under development (U.S. EPA, 2002c). Implementation of the FQPA and

the SDWA amendments required additional development of guidance and policy for protecting
children’s health. In response, the application of the FQPA 10-fold safety factor was discussed
in the Determination of the Appropriate FQPA Safety Factors(s) in Tolerance Assessment (U.S.
EPA, 2002d). Thus, there are a number of guidelines and policies related to children’s health,

iX
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but no single, comprehensive document that can serve as a resource of information on children’s
health risk assessment.

In 1999, a draft report that collected information on current EPA guidance and practices
was developed for the Office of Children’s Health Protection (ICF Consulting, 1999). This
report was a compendium of information on child-related risk assessment policy and
methodology guidance at the time. This Framework document builds on that report and others
referred to above by updating the information and linking to reference documents and other
published information that can be used as a resource for those interested in children’s health risk
assessment.

Another major effort sponsored by EPA and others that serves as background for this
document was a workshop held in Stowe, VT, July 30—August 2, 2001, organized by the
International Life Sciences Institute (ILSI). The report of that workshop (ILSI, 2003) and
subsequent publications (Daston et al., 2004; Ginsberg et al., 2004c; Landrigan et al., 2004;

Morford et al., 2004; Olin and Sonawane, 2003) proposed a framework for children’s exposures

and health risk assessment and laid out a number of issues of concern. The Framework
presented in this document builds on the efforts of the experts and participants at that workshop.
Parallel activities have been or are being developed at other agencies such as the U.S.
Food and Drug Administration (FDA), which regulates pharmaceuticals, medical devices,
biologics, food, animal feed and drugs, cosmetics, radiation-emitting devices, and combination
products. For example, under the Best Pharmaceuticals for Children Act (U.S. FDA, 2002), an
amendment to Section 11 of the Food and Drug Modernization Act (U.S. FDA, 1997), FDA’s
Office of Pediatric Therapeutics coordinates and facilitates all activities affecting the pediatric

population, the practice of pediatrics, or pediatric issues within the FDA. Assessment of risks

and benefits to children is conducted in compliance with the Pediatric Research Equity Act (U.S.

108" Congress, 2003), which requires that all applications for new active ingredients indications,

dosage forms, dosing regimens, and routes of administration contain a pediatric assessment
unless a waiver or deferral has been granted. Although the draft guidance document Guidance
for Industry - How to Comply with the Pediatric Research Equity Act (U.S. FDA, 2005) may

apply specifically to pharmaceutical testing and regulation, there can be significant overlap with
assessments conducted to determine risk to children from environmental exposures. For

example, Guidance to Industry — Nonclinical Safety Evaluation of Pediatric Drug Products (U.S.

X
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FDA, 2006) addresses considerations on the evaluation of pharmaceuticals in juveniles, one of

the lifestages discussed in this Framework.
Additionally, the International Programme for Chemical Safety of the World Health
Organization recently developed a draft Environmental Health Criteria document entitled

Principles for Evaluating Health Risks Associated with Chemical Exposures to Children. This

EHC draft document serves as useful background information for using this EPA Framework.
Finally, EPA’s Risk Assessment Forum has been working for several years to harmonize

approaches to cancer and noncancer risk assessment (U.S. EPA, 1997c, 1998c). Efforts to

develop a framework for a harmonized approach to human health risk assessment are underway,
and the intent is for this Framework on health risks from environmental exposures to children to

be incorporated into the overall framework.
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1. EXECUTIVE SUMMARY

The purpose of this document is to provide an overarching framework for a more
complete assessment of children’s exposure to environmental agents and the resulting potential
health risks within the U.S. Environmental Protection Agency’s (EPA’Ss) risk assessment
paradigm. This Framework examines the impact of potential exposures during developmental
lifestages and subsequent lifestages, while emphasizing the iterative nature of the analysis phase
with a multidisciplinary team. In addition to outlining the risk assessment process from a
lifestage perspective, the document points to published sources for more detailed information.
Guidance, policies, and other relevant materials are referenced in the document and linked
electronically (when copyright allows) to the actual reference documents for easy access. In
addition, many terms are included in a glossary at the end of this document. This Framework is
a conceptual overview of the considerations for evaluation of early-life exposures and
subsequent outcomes and does not constitute EPA guidance defined as a step-by-step process or
standard operating procedure.

The term “children” as used in this document is shorthand to include the stages of
development from conception through adolescence. EPA is concerned about health risks that
result from exposure to all lifestages; however, this document focuses on preconceptional
exposure and exposure throughout development to adulthood. Developmental exposure is used
throughout this document to define developmental lifestage exposures (preconception through
adolescence). Health risks may be identified during the same lifestage as when the exposure
occurred, or they may not become apparent until much later in life.

Lifestages are defined in this document as temporal stages of life that have distinct
anatomical, physiological, and behavioral or functional characteristics that contribute to potential
differences in vulnerability to environmental exposures. A lifestage approach to risk assessment
considers the relevant periods of exposure in developmental lifestages and subsequent outcomes
that may not be expressed until later lifestages. This approach explicitly considers existing data
as well as data gaps for both exposure and health outcomes at various lifestages.

Information on mode(s) of action (MOA\) that may inform lifestages is another main
emphasis of this approach. Risk assessment using a lifestage approach is a shift in perspective
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from the current methodology that focuses primarily on adults, and then, secondarily, looks for
information that may suggest greater susceptibility from exposures at other lifestages.

The added value of using a lifestage approach to risk assessment is a more
comprehensive evaluation of the potential for vulnerability of the population at various
lifestages. Children may be more or less vulnerable than adults, but without data on exposure
and response and without systematic evaluation of these data, determining which lifestage may
be more vulnerable is challenging. The approach outlined here encourages evaluation of the
potential for toxicity and any adverse health outcomes during all developmental lifestages, based
on knowledge of external exposure, critical windows of development for different organ systems,
MOAs, anatomy, physiology, and behavior that can affect external exposure and internal dose
metrics (units of measurement for dose). The use of MOA information is integral to this

Framework and is employed in a consistent manner to the Guidelines for Carcinogen Risk

Assessment (U.S. EPA, 2005a) and the Supplemental Guidance for Assessing Susceptibility from

Early-Life Exposure to Carcinogens (2005b). The MOA information is extended to the

evaluation of all outcomes.

It is important to consider whether anything known about developmental lifestages would
indicate particular vulnerability and incorporate that information into an assessment. This
framework addresses the difficult issue of integrating toxicity data and exposure information,
which is especially challenging when data are limited for particular lifestages (e.g., pregnancy
and early childhood development).

The conceptual framework used in this document follows the basic components
developed for other areas of risk assessment (U.S. EPA, 19973, 1998a, 2003a) and includes

problem formulation, analysis, and risk characterization as the three major phases in the process.
Within this structure, questions for consideration in the process of scoping the problem to be
addressed, reviewing the toxicity and exposure data, and characterizing the risks are posed as a
way of prompting and refining the assessment process. Gaps in guidance needed for various
aspects of assessing risk from children’s exposure are also discussed. In particular, guidance is
lacking for lifestage-specific evaluation of several system- and disease-specific areas, related
biomarkers and outcomes, MOA(s), dose-response assessment, and exposure assessment. Also,
guidance on the use of specific developmental or latent outcomes for application to risk

assessments for various timing (exposure windows) and durations of exposure has not been
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defined even though this issue is considered in many of the risk assessments currently being
generated across EPA. Implementation of this Framework will necessitate development of

guidance for children’s health risk assessment.
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2. INTRODUCTION AND PURPOSE

The purpose of this document is to provide an overarching framework for a more
complete assessment of children’s exposure to environmental agents and the resulting potential
health risks. The term “children” as used in this document is shorthand to include the stages of
development from conception through adolescence. EPA is concerned about health risks that
result from exposure to all lifestages; however, this document focuses on exposures during
preconception through adolescence. Developmental exposure, as used in this document, means
developmental lifestage exposures (preconception through adolescence). Health risks may be
identified during the same lifestage as when the exposure occurred, or they may not become
apparent until much later in life.

The major encompassing question to be addressed by using this document is, What is the
potential risk of environmental exposure during developmental lifestages? This Framework
outlines the phases for assessing the risks of exposure to environmental agents during childhood,
singly or in combination. This information can be used in various situations, depending on the
problem to be addressed. For example, if an overall assessment of health risks is needed, the
information on risks from developmental lifestage exposures can be incorporated into the overall
assessment. If, on the other hand, the major concern is about health risks to children as a result
of environmental exposure, the information derived from this process could be used directly to
assess risk, set standards, and mitigate exposures.

In addition to outlining the process of assessing health risks as a result of environmental
exposure during childhood, this framework uses existing sources for more detailed information
which are referenced and linked to the actual reference documents (when copyright allows).
These sources include guidelines, guidance documents, policies, and other relevant published
materials that currently exist. This document incorporates this information while focusing on
inherent and acquired susceptibility at different lifestages (e.g., children and adults), as well as
the potential for greater exposure of environmental agents to children than adults.

The outline of this document follows the basic framework developed for other areas of

risk assessment (U.S. EPA, 1997a, 1998a, 2003a) and includes problem formulation, analysis,

and risk characterization as the three major phases in the process, each with a focus on lifestages
(Figure 2-1, adapted from Daston et al., 2004; Olin and Sonawane, 2003). Each phase of the
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Lifestage-Specific Problem Formulation
(Chapter 3) A

Planning and Scoping
(Section 3.1)

Analysis Plan
(Section 3.3)

Conceptual Model
(Section 3.2)
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(Chapter 4)
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Figure 2-1. Flow diagram for a lifestage-specific risk assessment framework. This diagram
presents the framework for lifestage-specific risk assessment used in this document. It is based on
a number of documents on children’s health risk assessment, including the ILSI workshop (Daston
et al., 2004; Olin and Sonawane, 2003). It includes three phases also identified in Guidelines for
Ecological Risk Assessment (U.S. EPA, 1998a) and Framework for Cumulative Risk Assessment
(U.S. EPA. 2003a).
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process raises questions to consider when assessing potential health risks to children from
environmental exposure. Assessing potential health risks to children as a result of their
environmental exposure to toxicants includes considering risk from exposure before conception,
during the prenatal period, and through childhood and adolescence (Figure 2-2). Lifestages are
defined in this document as periods of life with distinct anatomical, physiological, and
behavioral or functional characteristics that contribute to potential differences in vulnerability to
environmental exposures. Preconception is any time before conception; the prenatal stage
includes the embryonic and fetal stages from conception to birth; infancy is the period from birth
through the first birthday; child encompasses all early postnatal lifestages from birth until
adolescence, which occurs approximately between 12 and 21 years of age (with difference
between genders). The continuum between the reproductive-age adult and aged adult begins at
approximately 21 years of age and reaches aged adulthood at approximately 65 years. Broad
exposure interval categories (e.g., child) are shown in Figure 2-2 for illustration, and divisions
between lifestages are not precise (e.g., there is some reproductive age overlap between the
adolescent and the adult periods) (U.S. EPA, 2005c, 20023, Table 3-1). The lifestages from

conception through adolescence comprise the period of development; adverse outcomes may

occur during that same lifestage or later in life. Neither the outcomes nor the risks from these
developmental exposures will necessarily be the same for all lifestages. Rather, the outcomes
will depend on the underlying developmental processes that determine susceptibility at the time
of exposure. A lifestage approach for evaluating potential risks to children is a hypothesis-
driven approach that takes into account all relevant periods of exposure explicitly considering
where data do and do not exist for exposure and health outcomes. It focuses attention on
considerations of early-life exposure and potential outcomes, which may be latent in their
manifestation. This is predicated on considerations of MOA(s) for all lifestages of exposures.
MOA is defined in this Framework as the sequence of key events and processes, starting with
interaction of a toxic agent with a cell, proceeding through functional and anatomical changes,
and resulting in the adverse health outcomes. “A key event is an empirically observable
precursor step that is itself a necessary element of the MOA or is a biologically based marker for
such an element” (U.S. EPA, 2005a,b). Both toxicokinetic (TK) and toxicodynamic (TD) steps
are part of the mechanism and MOA leading to the toxic response (Andersen et al., 2000;

Clewell et al., 2002a). As stated in the latest cancer guidelines, “MOA is contrasted with
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Figure 2-2. Lifestages of outcomes after developmental exposure. Panel A: In this figure, A illustrates
the developmental lifestages of exposure considered in this document (shown in the shaded boxes on the
left) and lifestages of potential outcomes considered in this document (shown in the shaded boxes on the
right). The exposure to risk continuum is discussed across the top of the figure, and expanded upon in
Figure 4-1. Panel B: Exposure during the preconception and prenatal stages may result in outcomes
occurring in any lifestage beginning prenatally.
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Panel C: Exposure during infancy and childhood may result in outcomes occurring in any lifestage
beginning in infancy. Panel D: Exposure during the adolescent stage may result in outcomes occurring in
any lifestage beginning in adolescence.
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mechanism of action, which implies a more detailed understanding and description of events,
often at the molecular level” (U.S. EPA, 2005a,b). Risk assessments may require a more refined

definition of exposure intervals (e.g., bins) than the lifestages shown in Figure 2-2 because of

rapid changes during development, even within a lifestage. For example, gestational exposure is
typically evaluated for each trimester; however, specific periods of vulnerability (also known as
critical windows) for particular outcomes might be much shorter period of time as discussed in a

series of publications that resulted from an EPA-sponsored workshop (Selevan et al., 2000).

This report synthesizes the information currently available at EPA on assessing health
risks as a result of children’s exposures and is based in part on existing risk assessment
guidelines, guidance, and science policies. Also, areas and topics are identified where further
guidance and research is needed. Within this structure, questions to be considered in the process
of reviewing data are posed as a way of prompting the data evaluation. This Framework is not a
guideline or science policy paper but rather describes an overall vision of the structure, process,
and the components considered important for assessing risks as a result of children’s exposure.
This document intends to provide documentation of the approaches for assessing risk to children.
It is not intended to be prescriptive or to define a step-by-step process or standard operating
procedure.

The primary intended users of this approach are risk assessors involved in hazard, dose-
response, and exposure characterization. The central focus of this Framework is the prenatal
stage, infancy, childhood, and adolescence, thus extending and expanding the approach in

Guidelines for Developmental Toxicity Risk Assessment (U.S. EPA, 1991), which only focuses

on prenatal outcomes. The Framework also takes a child-protective approach to assessing risk
(Landrigan et al., 2004) by putting the child, rather than an environmental agent, at the focus of

the evaluation. Children are not a unique population but rather childhood is a series of lifestages
through which all individuals pass; therefore, a child-protective approach is inherently public
health-oriented.

The added value of using a lifestage approach to assess risks to children from
environmental exposure is a comprehensive evaluation of the potential for vulnerability of
various lifestages. In contrast, assessments that use only available chemical-specific data, which
are often limited to data from adults, do not necessarily account for the lack of data at other
lifestages. The approach outlined here encourages evaluation of the potential for toxicity during

2-6
SEJA Comment Letter-Attachment A-Page 27



all developmental lifestages, based on what is known about critical windows of development for
different organ systems and differences in anatomy, physiology, and behavior that can impact
external exposure and internal dose metrics. In developing an assessment, the lack of data for
certain lifestages is not meant to imply susceptibility and/or greater uncertainty in the assessment
of risk from childhood exposure. Rather, the intent is to consider whether anything is known
about lifestages that would indicate particular vulnerability during that stage and incorporate that
information into the assessment. This document also addresses the difficult issue of integrating
animal toxicity or adverse health outcome data and exposure information relevant for assessing
risks to humans. This integration is especially challenging because of data limitations for
particular periods during pregnancy and early childhood development. One result of using this
framework will be more transparent and scientifically justifiable risk characterizations, while
documenting data gaps and identifying priority data needs for children’s risk.

The approach outlined here encourages evaluation of the potential for toxicity during all
developmental lifestages, based on what is known about critical windows of development for
different organ systems, MOASs, anatomy, physiology, and behavior that can affect external
exposure and internal dose metrics.

Because of the complex issues to be considered for assessing risks from children’s
exposures, it is impossible for any one person to be an expert in all areas of this process. Thus,
consultation and collaboration with appropriate experts in hazard, dose-response, and exposure

assessment is recommended in all phases of the process.
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3. LIFESTAGE-SPECIFIC PROBLEM FORMULATION

Problem formulation is a systematic planning phase that defines the problem to be
addressed in the assessment. The purpose of a problem formulation phase is to aid in efficiency
and transparency of the assessment. A general discussion of problem formulation can be found
in the Framework for Cumulative Risk Assessment (U.S. EPA, 2003a). The major components

of problem formulation are no different whether applied to broad assessment (e.g., National

Ambient Air Quality Standards, U.S. EPA, 2005d) of all lifestages of exposure or to a narrow

assessment of specific lifestages of exposure (e.g., Superfund site). However, some of the
specific considerations are different in a risk assessment for developmental exposures.

The lifestage-specific problem formulation phase establishes the context of the risk
assessment and feeds into the lifestage-specific analysis phase (Chapter 4) and ultimately to
lifestage-specific risk characterization (Chapter 5). A planning and scoping step (Section 3.1)
initially characterizes exposures and outcomes during all developmental lifestages. The problem
formulation results in two products. First, a conceptual model (Section 3.2) is developed which
considers exposures (e.g., sources, receptors, stressors, pathways, individual characteristics) and
outcomes. Second, an analysis plan (Section 3.3) is developed, where preliminary consideration
of study methods, dose-response models, data gaps, and uncertainty and variability is used to
inform hazard characterization, dose-response characterization, and exposure characterization
(Figure 3-1).

These products are then used in the lifestage-specific analysis (Chapter 4), which
comprises hazard characterization (Section 4.1), dose-response characterization (Section 4.2),
and exposure characterization (Section 4.3). Iteration between each of the three analysis steps

may lead to further refinement of the conceptual model and analysis plan.

3.1. PLANNING AND SCOPING

In the planning and scoping step, the assessment goals, breadth, and focus are
established, and regulatory and policy factors are identified. This step includes defining and
identifying the purpose, scope, participants/stakeholders, approaches, resources, and relevant

past assessments available.
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Figure 3-1. Flow diagram for lifestage-specific problem formulation. Problem formulation
includes a planning and scoping step that initially characterizes exposures and outcomes during all
developmental lifestages, and the development of two products: a conceptual model and an

analysis plan.

Source: Adapted from U.S. EPA, 20033, Figure 1-3.
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A clear purpose of the assessment is defined in order to guide the lifestage-specific risk
assessment strategy. Risk assessments are often conducted within the context of a regulatory
requirement (e.g., CAA, U.S. 101* Congress, 1990; FQPA, U.S. 104™ Congress, 1996a; SDWA,

b), a community need, a health concern, or some other driving force (U.S. EPA, 2003a), and they

require varying levels of scope or depth (U.S. EPA, 2005a, Section 1.2.2). For example, there

may be judicial and societal considerations that may influence the timing and breadth of the
assessment (e.g., consent agreement on soil contamination for a site-specific cleanup). These
factors may influence the risk management options, management goals, key participants, data
sources, selection of assessment outcomes, or the schedule for developing the assessment. The
risk management and assessment planning teams need to develop dialogue on the regulatory
basis for the risk assessment and determine what kind of information is needed to satisfy such
requirements.

The scope sets the parameters of the assessment, allowing for decisions to include or
exclude various elements. Screening level analyses of hazard and exposure may help refine the
scope of the assessment. The scope can be narrow (e.g., at a site where soil screening levels are
developed with lifestage-specific data) or broad (e.g., national rule-making, tolerance setting),
depending upon the problem. Age-specific information on factors related to exposure and
response are considered in the analysis plan (Section 3.3).

Choosing the appropriate participants for problem formulation will depend on the
problem being addressed. The participants who have information, expertise, or a stake in the
assessment process and conclusion(s) of the assessment are identified in this planning and
scoping step. Stakeholders are broadly defined as the interested parties who are concerned with
the decisions made about how a risk may be avoided, mitigated, or eliminated, and as those who
may be affected by regulatory decisions. This process can include specialized expertise and a
basic understanding of critical windows of exposure and optimum timing for evaluating
outcomes. The risk assessment team (which may include epidemiologists, toxicologists, public
health specialists, child behavior specialists, exposure assessors, chemists, and other technical
experts) and the risk management team (which may include economists, policy analysts,
engineers, and public health specialists) work together, informed by stakeholder input (which
may include parents, pediatricians, community groups, non-governmental organizations, etc.) to

develop the rationale, scope, and relevant outputs for the risk assessment and characterization
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(U.S. EPA, 2001a). The conceptual model and analysis plan, including the possible outputs of

the assessment, may require negotiation among the members of the risk assessment team. The

Framework for Cumulative Risk Assessment (U.S. EPA, 20033, p. 21) provides guidelines for

stakeholder involvement, which are based on the recommendations in Science and Judgment in

Risk Assessment (NRC, 1994) and by the Presidential/Congressional Commission on Risk

Assessment and Risk Management (1997a,b).

Methods used for risk assessment of health outcomes can have an impact on the
economic evaluation in benefits analysis (Griffiths et al., 2002; U.S. EPA, 2000a, 2003b, 2005¢)
(Section 5.1.7). Bringing economists into the discussion at the problem formulation stage will

help clarify the approaches needed for data evaluation and quantification that may be most useful
for assessing benefits. Another key consideration here is the selection of outcomes for which
economic valuation will be considered in the assessment, because this includes dialogue between
risk assessors and economists.

Identifying available resources to achieve assessment goals within the time frame of the
assessment involves a qualitative screening evaluation of resources, which may or may not
identify whether children have a greater potential for higher exposures or greater intrinsic
susceptibility. The evaluation includes a preliminary examination of the quality and quantity of
the available data on exposure and outcomes. More detailed evaluations (refined assessment)
may or may not be necessary or may not be possible, depending on the available data. Where
adequate data exist (particularly on potential critical windows of exposure, level of exposure,
individual and community characteristics, optimum timing of outcome evaluation, and the
magnitude of concerns about the public health outcome), a more detailed approach can be
employed to address important questions for the exposure and health effects characterization.
These include identifying past assessments that relate to the purpose and scope of the assessment

and that may assist the process with existing tools, methods, or models.

. Why is the risk assessment being done? What are the needs of the assessment? Is
there a regulatory driver(s)?

. What is the public health concern? Is there a specific concern for developmental
lifestage exposure?
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. What is the risk question(s) being asked, and is it lifestage-specific? Will the
assessment consider exposure at all lifestages or exposure at specific
developmental lifestages?

. Which lifestage(s) (age bin[s]) is likely to have the greatest external exposure, the
greatest internal dose, and the greatest inherent vulnerability?

. Have other risk assessments included consideration of health risks from children’s
exposures on this chemical (e.g., EPA, other federal agencies, other
organizations)?

3.2. CONCEPTUAL MODEL

Within the conceptual model, the risk assessment team develops preliminary hypotheses
about why adverse effects have occurred or may occur in the future. A conceptual model is
developed, keeping in mind the relationships among the individual characteristics, exposures,
and outcomes. The relationships are informed by the initial identification of lifestage-specific
exposure scenarios, the lifestage of exposure, the optimum times for evaluation of outcomes that
will be addressed and the identified characteristics and toxicologic outcomes of the chemical(s)
that may contribute to latent effects from early exposure and children’s risk.

A qualitative characterization of hazard and exposure for specific lifestages results in the
accumulation of the information needed to develop a conceptual model that aids the segue from
the problem formulation stage to the analysis phase. The conceptual model is the starting point
for the lifestage-specific analysis phase (Chapter 4) and can be presented as a diagram, a flow

chart, or a narrative description of the predicted key relationships (U.S. EPA, 2002b).

The following provides an approach to a preliminary evaluation of the available exposure
data (Section 3.2.1), outcome data (Section 3.2.2), and the integration of the two (Section 3.2.3)
to help define the conceptual model and aid in the development of a problem-driven analysis

plan with a focus on lifestages.

3.2.1. Exposure Considerations

The exposure considerations include performing a preliminary examination of the data to
determine the lifestages likely to be exposed, given the chemical properties and uses of the
environmental agent(s) in the defined scope of the assessment. The preliminary examination

involves a qualitative characterization of the sources, pathways of exposures (including exposure
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media and routes), exposure scenarios (lifestages, time frames, locations, and activities), and
pattern of exposures (magnitude and duration) to parents or children, as appropriate, including
the potential for dietary, drinking water, soil and air exposures, and other exposure media (e.qg.,
pharmaceuticals) (U.S. EPA, 1992, 2002c).

An issue to consider is whether all lifestages are at the same risk from a given exposure

or whether a specific developmental lifestage is more vulnerable because of higher exposures or
intrinsic susceptibility. This includes a qualitative understanding of lifestage-specific activity
patterns to identify potentially highly exposed lifestages. Currently, EPA’s Guidance on
Selecting Age Groups for Monitoring and Assessing Childhood Exposures to Environmental

Contaminants (U.S. EPA, 2005e) is to be used as a starting point for identifying and selecting

age bins for analysis (see Table 3-1). This guidance includes expert analysis of existing generic
exposure data. This guidance provides a detailed discussion of how these age groups were
developed and how to implement them in an assessment. In brief, the recommended age groups
are based on the current understanding of differences in behavior and physiology that may
impact exposures to children. Information on critical windows of susceptibility also is factored
into these age bin considerations for potential vulnerability at different lifestages.

Typically, the conceptual model will consider human exposure in the context of the
source-to-effects paradigm (U.S. EPA, 2003b, Figure 1-3). When formulating an exposure

assessment, it is useful to qualitatively evaluate this model from the “effects” back to the
“source.” In this way, potentially important time periods of exposure, exposure pathways, and
vulnerable individuals or populations can be identified. However, as the risk assessment
becomes more complex, some limitations in the source-to-effect model become apparent.
Exposure assessments using a source-to-effect model are based on the characteristics of the
specific source of the exposure (e.g., geographical location, release rate, point source) and not
the characteristics of the lifestage being exposed. As a result, only individuals or populations
with exposure to this specific source are included in the model. Yet, exposure may result from
multiple independent sources, all of which could contribute toward total exposure to a chemical
or mixture of chemicals. In this case, a person-oriented exposure assessment better characterizes
the person and lifestage of interest along with the applicable sources than a population-oriented

exposure assessment.
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Table 3-1. Developmental lifestages and age groups for exposure
assessments.

Lifestages Age Groups?

Preconception reproductive age adult

Prenatal conception to birth

birth to <1 month

1 to <3 months

Infant
3 to <6 months

6 to <12 months

1 to <2 years

Child 2to <3 years

3 to <6 years

6 to <11 years

11 to <16 years
Adolescent 16 to <18 years

18 to <21 years

* The age groupings from birth to adulthood are from U.S. EPA (2005¢). These standard age
groups were developed based on the results of a peer involvement workshop (U.S. EPA. 2000b)
focused on developmental changes in behavior and physiology impacting exposures to children.

Below are some questions that are useful in framing the examination of exposure

considerations.
. What data are available that characterize children’s exposure?
. Will the risk assessment consider all possible sources, media, pathways, and

routes of exposure (aggregate and cumulative), or is it confined to specific
scenarios (e.g., children living near a specific Superfund site and potentially
exposed via air, soil, and groundwater)?

. Is it suspected that individuals in developmental lifestages are actually being
exposed to the compound?

. What are the potential exposure sources, media (e.g., breast milk, indoor air),
pathways, and routes of exposure?
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. What are the human lifestage behaviors (e.g., mouthing, crawling), activities (e.g.,
bathing, sleeping), and locations (e.g., indoors, outdoors, daycare) that may
impact exposure?

. What other individual or community characteristics may be present that could put
children at higher risk of exposure and thus make them more vulnerable (e.g., pre-
existing diseases or disorders, belonging to a farm worker family, socio-economic
status, poor nutrition, sanitation conditions, cultural practices)?

. What are elements of the physical environment that may impact exposure (e.g.,
altitude, climate, urban vs. rural)?

3.2.2. Outcome Considerations

In this screening approach, a preliminary identification of toxic effects is performed,
including TK and TD profiles, including to what degree these data support a hypothesized
MOA(s). Evaluating critical windows of susceptibility and number of critical effects that have
been observed relevant to the problem or scenario of concern for the risk assessment can be used
to qualitatively assess the database. This qualitative assessment assures that the risk assessment
team is appropriately staffed and has the essential resources to meet the timetables established in
the analysis plan.

Below are some questions that are useful in framing the examination of hazard and dose-

response considerations.

. What toxicology, epidemiology, or other data are available that examine outcomes
following exposure to the chemical(s) of interest?

. Avre there any suspected MOAs and other factors to be considered for relevant child
health outcomes?

. Are there TK (e.g., metabolic activation/conjugation) or TD (e.g., MOA)
considerations during certain developmental lifestages that may make the chemical
more or less toxic?

. What do we know about the properties of the chemical being evaluated that may be
important for considering lifestage-specific risk?

. Does the chemical cause known organ-specific toxicity? How might these organs
be differentially susceptible during development?

. What is known about critical windows of exposure (e.g., developmental windows of
susceptibility) for humans? For the experimental animal species and strain?

. What is known about critical windows of effect (e.g., latent expression of
developmental toxicity) for the experimental animal species and strain?
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. Avre there any toxicologic outcomes noted in animal or human studies that are
signals of possible increased susceptibility of developmental lifestages (e.g.,
carcinogenicity, neurotoxicity, immunotoxicity, endocrine disruption)?

. What are the background rates for outcomes of concern in the general population?

. What dose metrics (AUC or Crmax) are being considered for the lifestage-specific
assessment?

3.2.3. Integrating Exposure and Outcome Considerations

The concepts of timing and dosimetry are incorporated as unifying factors for both
exposure and hazard components of the analysis. In a child-centered approach, multiple
stressors may need to be considered for a particular outcome of interest due to convergence on a
common MOA, as well as possible confounding, effect modification, or bias present in some
studies. Additional stressors may have an impact on behavior. For example, a person with
asthma may be less active or spend less time outside where an exposure may occur. Dialogue
between experts such as exposure scientists, health scientists, epidemiologists, and toxicologists
will ensure that the critical windows of exposure and critical effects are sufficiently identified, at
least at a qualitative level, for the development of a conceptual model and an adequate analysis
plan (Section 3.3). Below are some questions that are useful when integrating exposure and

response considerations.

. How do chemical sources, fate, and transport influence target outcomes for various
lifestages?

. How do magnitude, patterns, and pathways of exposure influence target outcomes
for various lifestages?

. How does lifestage-specific dosimetry impact the temporal resolution required for
exposure assessment?

. Based on the transport and fate of the chemical under evaluation, do the available
exposure and hazard data address the compound(s) to which children may actually
be exposed?

. Can exposure to multiple stressors during a critical window of development lead to
modification of a health outcome of interest (e.g., additivity, synergism,
antagonism)?
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3.3. ANALYSIS PLAN

The analysis plan identifies the methods, models, critical data gaps, major variabilities
and uncertainties, and key assumptions to be considered as the problem-driven assessment
moves forward to a more in-depth lifestage-specific analysis (Chapter 4). The analysis plan is a
working outline that provides the rationale for the resources (expertise, time, and finances)
required to complete the assessment. Examination of the most vulnerable age groups and key
risk drivers relevant to the problem identified will help conscribe the assessment and shape the
decision points and decision tree in the analysis plan.

A database inventory may be useful for identifying data gaps (Table 3-2). This table
presents an example of a database inventory method. After assessing the available information
on lifestages of exposure, the assessor can note whether there are the various types of
information for each lifestage. For example, are there human studies assessing outcomes after in
utero exposure? In many instances, few of these fields will have data. Input from the relevant
risk managers may be needed on the scope of the conceptual model and analysis plan,
particularly with respect to the questions the assessment is meant to answer. This exercise can
facilitate identification of strengths and weaknesses in the database, especially with regard to a
lifestage-specific assessment. Many of these boxes will be blank for most chemicals; these data
gaps do not necessarily represent research needs, but the data gaps may be useful in identifying
where more information would be helpful and communicate this need to conduct research. For
example, if the problem formulation suggests that infants have a potentially high risk due to
biological susceptibility or probability of increased exposure, then absence of data for that
lifestage may affect the relevancy of the risk assessment to address the identified problem or
question of the assessment.

Planning and scoping (Section 3.1), the conceptual model (Section 3.2), and the analysis
plan (Section 3.3) are then used in the lifestage-specific analysis (Chapter 4), which comprises
hazard characterization (Section 4.1), dose-response characterization (Section 4.2), and exposure
characterization (Section 4.3). Further scoping may be considered in each of the three analysis

steps, thus leading to further refinement of the conceptual model and analysis plan.
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A

Lifestage-Specific
Hazard Characterization

1se Characterization

tage-Specific

Table 3-2. Lifestage-specific database inventory sheet. Types of information
are described in the left-hand column, and lifestages of exposure are shown in the
top row.

Developmental lifestages

—

Preconception In Utero Infant Child Adolescent Adult

Human studies

Animal studies

Toxicokinetic data

Toxicodynamic data

. Does the analysis plan focus on what are likely to be the most vulnerable age
groups?

. Does the analysis plan focus on the key risk drivers?

. What decision points are needed in the analysis plan for the specific problem
identified?

3-11
SEJA Comment Letter-Attachment A-Page 39



4. LIFESTAGE-SPECIFIC ANALYSIS

The analysis phase of risk assessment includes hazard characterization (Section 4.1),
dose-response characterization (Section 4.2), and exposure characterization (Section 4.3), where
data are analyzed, both qualitatively and quantitatively. Iterations among all three steps provide
communication among the risk assessment team members and refine the focus on the key
assessment questions identified in the problem formulation phase (Chapter 3). These iterations
are performed to enhance, but not effectively delay, the final assessment.

Focusing on data with outcomes after exposure during developmental lifestages of
greatest susceptibility (i.e., critical windows) is key to the lifestage-specific evaluation of hazard,
dose-response, and exposure data. These data may identify critical windows of exposure and
data gaps for particular lifestages of exposure. MOA information based on TK and TD data may

inform the lifestage-specific analysis (Figure 4-1).

Mode of Action

I

~

Toxicokinetics Toxicodynamics
Precursor Risk:
Biologically Fvents/Farly Altered Clinical Prognostic
Exposure Internal Effective Biological Structure or Manifestation Significance or
Period Dose Dose Effects Function or Outcome Adversity

Figure 4-1. Exposure to risk continuum. This figure identifies the major elements in Figure
2-2a. This includes specific elements of TK and TD that may be lifestage-specific. This TK and
TD information (MOA) can lead to increased characterization of the altered structural and
functional outcomes

Source: Adapted from: Schulte, 1989.

The next three Sections (4.1, 4.2, and 4.3) discuss the three steps of the analysis phase
and provide information to guide the assessor through the process (Figure 4-2). In order to link
exposures and outcomes appropriately, an iterative process among all steps of the analysis is
suggested for a robust risk characterization, the final phase in the risk assessment process
(Chapter 5).
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Lifestage-Specific Analysis

(Chapter 4)

Lifestage-Specific Lifestage-Specific
Hazard Exposure
Characterization Characterization
(Section4.1) (Section 4.3)

Lifestage-Specific
Dose-Response
Characterization
(Section 4.2)

Figure 4-2. Flow diagram for lifestage-specific analysis. Following the problem formulation
stage, the three steps of the analysis phase include hazard characterization (Section 4.1), dose-
response characterization (Section 4.2), and exposure characterization (Section 4.3). This is
followed by the risk characterization (Chapter 5) and risk communications/management phases.

4.1. LIFESTAGE-SPECIFIC HAZARD CHARACTERIZATION
4.1.1. Introduction

Hazard characterization is the analysis step in which the data are evaluated for potential
adverse health effects. Hazard characterization begins with the identification of the human and
animal toxicology studies to be included in the database. It includes the identification of any
outcomes associated with exposure at specific doses. The primary purpose of a lifestage-specific
hazard characterization is to develop a detailed description of the potential for health outcomes
after exposure to the agent of interest during preconception or developmental lifestages. This
begins with a description of each of the available studies (Section 4.1.2), considering critical
windows of exposure and susceptibility, TK, TD, MOA, and dose-response information as well

as the variability and uncertainty present in each study. The database is then synthesized from
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the individual study evaluations, and the quality and quantity (i.e., the comprehensiveness) are
characterized using a weight-of-evidence (WOE) evaluation (Section 4.1.3.1). This includes
information about differences and similarities in experimental animal species versus humans
regarding lifestage-specific TK and TD, the extent of the database for different lifestages, and
lifestage-specific susceptibilities. The results of the hazard characterization are iterated with the
dose-response and exposure analyses (Section 4.1.4) if indicated by the conclusions from
summarizing the hazard database.

Finally, the lifestage-specific hazard characterization is summarized including a scientific
rationale for the identification of relevant outcomes and susceptible lifestages based upon the
data (Section 4.1.5). The identified outcomes and susceptible lifestages are further evaluated in
the subsequent dose-response characterization step (Section 4.2). This information feeds into the
comprehensive lifestage-specific risk characterization (Chapter 5).

Throughout the hazard characterization, relevance of the information to the overall goals
of the assessment is considered. It may be appropriate to refine the conceptual model (Section
3.2) or analysis plan (Section 3.3) after thoroughly evaluating the available hazard data. For
example, a conceptual model may focus on an exposure to a chemical or chemical class that
results in thyroid tumors. Thyroid hormone is critical to development of the nervous system
(Farwell et al., 2006; Pals et al., 2006; Ramos and Weiss, 2006; Santisteban and Bernal, 2005)
and immune system (Bossowski et al., 2003; Lam et al., 2005). If development of these organ

systems were not considered in the conceptual model for analysis of the chemical(s), then the
conceptual model will need to be refined to consider the relevant critical windows of
development.

Figure 4-3 illustrates a detailed approach to characterizing hazard from environmental
exposures during development. More specific information on hazard characterization for
developmental lifestage exposures can be found in the existing EPA risk assessment guidelines
for developmental toxicity (U.S. EPA, 1991), reproductive toxicity (U.S. EPA, 1996),
neurotoxicity (U.S. EPA, 1998b), and cancer (U.S. EPA, 2005b).

4.1.2. Qualitative Evaluation of Individual Studies
The objectives and scope of the risk assessment, defined in the problem formulation
phase (Chapter 3), provide focus and a plan for identifying and examining all the relevant
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Lifestage-Specific Analysis

(Chapter 4)

Lifestage-Specific
Hazard Characterization
(Section 4.1)

Qualitative Evaluation of Individual Studies
(Section 4.1.2)

|

Summarization of the Hazard Database (Section 4.1.3) and
Evaluation of the Weight-ot-Evidence (WOE) (Section4.1.3.1)

I

Iteration with Dose-Response and Exposure Characterization
(Section 4.1.4)

l

Lifestage-Specific Hazard Characterization Narrative
(Section 4.1.5)

- == - R

Lo —ooo—oo
‘-—-—-—-——-—

Figure 4-3. Flow diagram for lifestage-specific hazard characterization. The steps in hazard
characterization include the evaluation of individual studies (Section 4.1.2), summarization of the
hazard database (Section 4.1.3), an evaluation of the weight-of-evidence (Section 4.1.3.1),
potential iteration with the other analysis steps (Section 4.1.4), and the hazard characterization
narrative (Section 4.1.5). The dashed lines indicate where iterations may occur with other parts of
the risk assessment process.
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published human and experimental animal studies. A thorough qualitative evaluation of each
study includes a complete description of the findings, an assessment of the study conduct and
data quality, and a determination of sufficiency of data. To focus on risk from exposure to
children, the evaluation process considers lifestage-specific information (pertaining to both the
lifestage at which exposures occur and outcomes are observed) and issues within the overall
context of the risk assessment. To assess study quality, the adequacy of the methods and results
are characterized. In addition, it can be helpful to establish criteria for confidence in the
evaluation and interpretation of the study findings that can be used later in the WOE evaluation
(Section 4.1.3.1). The description of individual studies will contribute to the overall
determination of the adequacy, strength, and completeness of the database for the
characterization of hazard across lifestages. The following subsections describe topics to
consider during the qualitative evaluation of each study, and example questions are addressed in
Table 4-1.

4.1.2.1. Study Purpose

Describing the purpose of each study may provide information to evaluate the study as it
relates to lifestages. For example, the study may be conducted in response to general risk
evaluation issues, to explore an aspect of basic toxicology or biology, or to investigate a specific
public health concern. The purpose of the study can range from hypothesis generation to

hypothesis testing.

4.1.2.2. Study Design

A clear, concise description of the study design includes the number of subjects in each
exposure group; descriptions of the study participants (e.g., gender, age); route, timing, and
duration of exposure; and outcomes assessed. The timing of exposure and outcome assessment
is important in relation to identifying and characterizing lifestage-specific risk. All of these are
related to statistical power, which is further discussed in the WOE evaluation (Section 4.1.3.1).
It is helpful to highlight strengths and weaknesses in the study design, particularly in relation to
lifestage-specific assessments and how they may illuminate questions identified in the problem
formulation (Chapter 3). For example, statistical power is a limitation that is often not discussed

when studies are concluded to be “negative.”
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4.1.2.3. ldentifying Critical Windows of Exposure

An evaluation of the exposures (or dosing/treatment to experimental animals) to the study
participants involves characterizing the timing and duration of the exposures (e.g., exposure
during preconception and critical windows of pre- or postnatal development) that have occurred
across the lifestages of the study individuals. The timing and the duration of exposure to test
substance in experimental animal studies could be informed by data on the critical windows of
development of organ systems.

A useful source of information is the proceedings of a workshop on critical windows of
exposure for children (Selevan et al., 2000), which addresses the respiratory and immune
systems (Dietert et al., 2000; Holladay and Smialowicz, 2000; Peden, 2000; Pinkerton and Joad,

2000), the reproductive system (Lemasters et al., 2000; Pryor et al., 2000), the nervous system

(Adams et al., 2000; Rice and Barone, 2000), the cardiovascular and endocrine systems (Barr et
al., 2000; Hoet et al., 2000; Osmond and Barker, 2000; Sadler, 2000), and cancer/neoplasms

(Anderson et al., 2000; Olshan et al., 2000). The WHO draft document, Principles for
Evaluating Health Risks in Children Associated with Exposure to Chemicals (WHO, 2006) also

reviews critical windows of development by organ systems.

4.1.2.4. Outcomes Related to Developmental Lifestage Exposure

A description of study findings, including the relationship of the outcome (both the
outcome itself and timing of the outcome assessment) to the time of exposure, is a primary goal
of hazard characterization. This includes an explicit consideration of outcomes at various
lifestages due to exposure occurring during developmental lifestage(s). Developmental lifestage

exposures may result in early or latent effects (Selevan et al., 2000; WHO, 2006). The

evaluation of each study includes whether and how study outcomes address questions raised
during the problem formulation phase (Chapter 3). For example, if the problem formulation
specifically identifies a potential for risk after exposure to pregnant women in a residential
setting, then it is important to carefully evaluate any available human and experimental animal
data that examines outcomes following gestational exposures. Toxicities resulting from
alteration of precursor events may be expected to be different depending on lifestage. Alteration
of a precursor event in a mature animal or adult human may not have any significant health
consequence, where the same precursor event alteration in a developing organism may have

significant health consequences.
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4.1.2.5. Toxicokinetic Data

All available lifestage-specific TK data are included and described in order to determine
the relevance and impact of the TK data in evaluating the study and to determine the impact of
exposure on response across lifestages. TK data can be used to verify that indirect exposure of
the fetus or neonate (e.g., via maternal circulation or breast milk) occurred without relying on
observable outcomes. In some situations, internal dose can be measured, providing greater
confidence in derivation of the dose metrics (Section 4.2.2.3). If TK data are available across
lifestages, this information can aid in highlighting key lifestages for the assessment. For
example, immaturity of specific metabolic enzymes or renal capabilities (e.g., elimination) can
result in a more or less toxic response in the young. Therefore, information on the
developmental profiles of enzymes or organ systems can help identify particularly susceptible
age groups.

Studies may find increased susceptibility of immature individuals but lack TK data to
assist in the interpretation of these findings. In that case, default assumptions are generally
applied. Three typical examples are (1) internal dose is equivalent to dose at the portal of entry,
(2) the dose to the fetus is equivalent to the dose administered to the maternal animal, or (3) the
internal dose to the immature individual is equivalent to that of adults. However, these default
assumptions may not be health protective; therefore, the availability and use of TK data will
likely decrease uncertainty in the risk assessment.

4.1.2.6. Toxicodynamic Data

TD data include information about the steps between the toxicant’s first interaction with
the target organ and the subsequent toxic outcome. Describing TD data for specific lifestages
may provide corroborative evidence of potentially susceptible lifestages for a given chemical.
For example, if TD information for a chemical suggests effects on the nervous system via
decreasing luteinizing hormone and disruption of the hypothalamic-pituitary-gonadal axis, then
greater concern would be warranted in cases when there are lifestage-specific TK data. This TK
data may demonstrate that the chemical is found in the brain only during a developmental

lifestage when the blood-brain barrier is not fully formed.
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4.1.2.7. Mode of Action Information
Consideration of MOA information (key TK and/or TD steps) can be useful in
« understanding the susceptibility differences among various lifestages,

e determining the most appropriate experimental animal model for relevance to
humans,

e determining when human exposure or outcome data during lifestages are limited or
not available,

o predicting types of effects that might be seen during particular lifestages, and

o predicting potential susceptible lifestages.
For example, if a chemical has an anti-androgen MOA, in utero and peri-pubertal intervals might
be sensitive exposure windows for male reproductive outcomes. Further, differences in
androgen activity by lifestage can explain some of the observed differences in susceptibility; for

example, for the pesticide vinclozolin (Anway et al., 2006; Euling and Kimmel, 2001). It is also

possible that the MOA for a given chemical differs among lifestages; this is one possible
explanation for differences in outcomes after exposures during developmental lifestages versus
adulthood. For example, diethylstilbestrol (DES) produces reproductive, developmental, and
carcinogenic outcomes after in utero exposure which are not observed following adult exposure

(Herbst, 1987; Mericskay et al., 2005; Robboy et al., 1982). Also, organophosphorous pesticides

inhibit cholinesterase throughout one’s lifespan, but certain of these pesticide’s inhibitory effects
on neuronal differentiation and migration, which are attributed to an alternative, noncholinergic
MOA, occur only during in utero and early postnatal neurological development (Campbell et al.,
1997; Chakraborti et al., 1993; Dam et al., 1998; Young et al., 2005). However, chemicals with
more than one MOA, such as methoxychlor, have been described (Chapin et al., 1997; Gaido et
al., 2000; Gray et al., 1999a). Therefore, it is possible that the activity of the different MOAs

may vary across lifestages.

4.1.2.8. Qualitative Evaluation of Dose-Response

A detailed qualitative evaluation of the lifestage-specific dose-response profile is useful,
but not always available, when interpreting the outcome for individual studies. A well-
characterized dose-response relationship helps support the judgment of whether an outcome is
due to exposure during a specific lifestage. The shape of the dose-response curve may or may

not be monotonic in nature.
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These dose-response data are carried forward into the WOE evaluation (Section
4.1.3.1.3) because determining the relationship between adverse responses and exposures is
achieved through consideration of the results in context of the other studies in the database and
may highlight the importance of borderline or suggestive findings in individual studies and,
ultimately, refine the interpretation of the data. For example, a prenatal developmental toxicity
study in rats may identify a treatment-related malformation (e.g., spina bifida) that occurs with a
demonstrable dose-response relationship; in a two-generation reproduction study, the
interpretation of incidences of spina bifida that are observed in litters from treated groups may
take on greater weight in the overall hazard characterization even in spite of the lack of

significant incidence or a clear dose-response.

4.1.2.9. Variability Analysis

There are a number of sources of variability, both intrinsic and extrinsic, in human and
animal toxicologic data. Intrinsic, or biological, variability includes heterogeneity across
lifestages and is expressed to some degree in each parameter being measured. Examples of
intrinsic variables in both human and experimental animal studies include age, gender, and
genetic factors. On the other hand, the sources of extrinsic variability are external to the study
individuals and can often be attributed to methodological considerations, to errors in study
design, or to variations in implementation. Examples of extrinsic variables for experimental
animal studies include handling techniques, ambient temperature, and noise. For epidemiologic
studies, examples include variations in recruitment or data collection procedures.

Variability can be adequately characterized by the appropriate statistical treatment of
individual study data. For example in developmental toxicologic studies, all pups in one litter
are used as the unit of measure (n=1) to address issues of between-litter variability in response.
High levels of variability may affect the ability to identify associations and make the
interpretation of study data difficult. A detailed consideration of variability with appropriate
analyses contributes to a determination of the adequacy, strength, and reliability of a study and
its conclusions. Variability can be a source of uncertainty in the evaluation and interpretation of
individual studies (Section 4.1.3.1.2). High variability can sometimes render a study

uninterpretable within the context of the rest of the data or result in reduced confidence in the
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veracity of the study findings, thereby decreasing the confidence placed in the study and its value
for use in the WOE evaluation (Section 4.1.3.1).

4.1.2.10. Uncertainty Analysis

Uncertainty from a variety of sources in lifestage-specific data can affect the assessment
of risk. Uncertainties can result from data gaps (i.e., missing information), inadequacies in the
study protocol or methodologies, inaccuracies in the reporting of study findings, or inconclusive
results. After a thorough consideration and description of the uncertainties for each study, any
resulting assumptions, extrapolations, or speculative interpretations are described and utilized in
the risk characterization (Chapter 5). Detailing data gaps helps provide an adequate
characterization of the uncertainties of the risk from developmental lifestage exposure. For
example, in laboratory animal studies, if the toxicologic evaluation characterizes adverse
outcomes following exposures that traditionally occur throughout all developmental lifestages,
then future study exposure methods may need to incorporate direct dosing techniques during

specific lifestages (e.g., in pre-weaning or juvenile experimental animals) (Bruckner and Weuil,

1999; Zoetis and Walls, 2003). In particular, experimental animal studies of exposure during the

juvenile period specifically are rare, although they are increasingly becoming more common as
they gain greater prominence in regulatory hazard characterization (Hurtt et al., 2004; U.S. FDA,

2006). Developmental (in utero) studies are more common but are not done for all chemicals
and are limited because they do not involve direct dosing in postnatal life. One- and two-
generation reproduction studies are also not conducted for all chemicals and are often limited in
having postnatal dosing only via nursing and involve a limited number of outcomes (e.g.,
reproductive outcomes). Developmental neurotoxicity, developmental immunotoxicity, and
other organ system-specific developmental studies also are not commonly performed and have
limitations regarding the exposure route and apical outcomes/organ systems assessed. Due to the
iterative nature of the evaluation process and the consideration of information from multiple
sources, data from other human or experimental animal studies, data on structure-activity
relationships (SARs), or TK or TD information, may be used to address uncertainties identified

in a given study.
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Table 4-1. Examples of lifestage-specific questions for evaluation of
individual studies within hazard characterization.

Topic

Lifestage-Specific Question(s)

Study Purpose
(Section 4.1.2.1)

Was the purpose of the study to address a lifestage-specific hypothesis or public health
concern?

Study Design
(Section 4.1.2.2)

Did the study design and methods address specific lifestages of exposure and their
outcomes? What lifestages were assessed? How was lifestage/age measured?

What were the strengths and limitations of the study design in assessing lifestage-
specific exposure and outcome?

For human studies, how did the methods impact the validity and reliability to determine
children’s exposure and outcome? Were lifestage factors (potential confounders)
examined and accounted for, where appropriate?

In experimental animal studies, was an appropriate route and matrix (e.g., vehicle,
formulation, duration) of exposure employed across various lifestages? Were the dose
range and levels appropriate across lifestages evaluated?

Was the power of the study adequate to detect an effect after exposure during a specific
lifestage? Were sample sizes, inclusion of both sexes, and animal litter numbers
considered?

Identifying
Critical Windows
of Exposure
(Section 4.1.2.3)

What is known about critical windows of exposure for the outcome and chemical?

Were the routes of exposure relevant to the age-related exposure pathways for the age
groups of interest? Did the exposure interval cover different lifestages, partially or
completely?

» What exposure/dose levels were assessed during the lifestage(s) of development?
Were they the same across all the lifestage(s) identified in the study?

» Were lifestage-specific behaviors discussed that could influence the exposure (e.g.,
maternal nurturing behaviors, offspring nursing or weaning activities, or
exploratory/play behaviors in the immature individual)? If so, in what direction
would the dose likely be affected?

Was exposure verified for critical lifestages?

« In animals, what was the route of exposure and was it the same throughout all
lifestages? Did exposure occur across more than one developmental lifestage(s) in
the study?

 For humans, was there more likely to be exposure(s) from this source during
certain lifestages than others? If so, would this be expected to affect the results of
the study and was this accounted for in the study? Were other possible sources of
exposure considered for various lifestages?

Outcomes Related
to Developmental
Lifestage
Exposure
(Section 4.1.2.4)

What was the timing of assessment of outcomes? Were outcomes dependent upon the
exposures during critical stages of development? How were latent effects assessed?

Were lifestage-specific outcomes assessed in the study (e.g., different outcomes during
different developmental stages vs. adult stages)?

What methods were used to assess lifestage-specific outcomes after developmental
lifestage exposures? Were they appropriate? What were their limitations (e.g., were
relevant lifestage-specific outcomes not assessed)?

Were biological plausibility and internal consistency of findings considered for
lifestage-specific data?

Did the authors make lifestage-specific conclusions in the study, and what were their
assumptions and interpretations?

TK Data
(Section 4.1.2.5)

Avre there lifestage-specific differences in absorption, distribution, metabolism
(toxification or detoxification), or elimination assessed in the study? At varying doses?

4-11

SEJA Comment Letter-Attachment A-Page 50




TD Data Are there TD data for the specific lifestage(s) that relate to outcomes?
(Section 4.1.2.6)

MOA Information | For the outcome(s) assessed in this study, what is known about the chemical’s MOA
(Section 4.1.2.7) after exposure at different lifestages? Is there information suggesting similarities or
differences in MOA for different lifestages of exposure?

Have precursor events (e.g., biomarkers) been identified for a particular outcome? If so,
were precursor events similar across lifestages? Are the toxicities resulting from
precursor events expected to be different depending on lifestage of the outcome?

Are outcomes related to the MOA relevant to the lifestages of concern in this study? Are
there different MOASs suspected for different lifestages?

If there are multiple outcomes described at differing lifestages, then are these consistent
with one or more MOAS?

Qualitative Avre there lifestage-specific dose-response relationships assessed in the study? What are

Evaluation of the similarities and differences in dose-response across lifestage of exposure?

Dose-Response What is the shape of the dose-response curve for lifestage-specific toxicologic

(Section 4.1.2.8) outcomes?

Variability What was the variability in the control data for parameters of normal growth and

Analyses development and other outcomes for the lifestage of interest?

(Section 4.1.2.9) | \was this variability in measures within expected ranges? If not, could this mask
detection of an outcome?

Uncertainty Are there any lifestage data gaps or uncertainty considerations (i.e., were some lifestages

Analyses exposed and/or assessed, while others were not)?

(Section 4.1.2.10) | \were critical windows of exposure and associated outcomes adequately addressed?

Were lifestage-specific studies conducted with appropriate quality laboratory practices
and standards (e.g., Good Laboratory Practice) (U.S. FDA, 1978)?

Did the conduct of the study result in uncertainties in findings that are particularly
pertinent to lifestage-specific data interpretation? Were any inadequacies in the data
lifestage specific?

4.1.3. Summarization of the Hazard Database

After summarizing the relevant studies for the lifestage-specific hazard database (Section
4.1.2), the exposure-response array is assembled and then evaluated. Not all summarized studies
judged may be useful to the risk assessment (NRC, 1994). Well-justified decisions to include or
exclude a study are provided in the hazard narrative (Section 4.1.5). The adequacy of studies

and characterization of the database are discussed in detail in A Review of the Reference Dose

and Reference Concentration Processes (U.S. EPA, 20023, Section 4.3).

The overall hazard database includes detailed descriptions of all available studies relevant
to and critical for evaluating the hazard to children, specifically those with developmental
exposures, effects, or outcomes. The database may also include in vitro data, MOA or
mechanistic studies, and toxicity data in adults to help profile the toxicologic response in
children, or the database may provide support for assumptions made during the hazard

characterization. A careful review of the studies’ exposure durations and lifestages may help to
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determine the relative importance (weight) of the studies when estimating potential risks to
children. Issues to consider include the pathways (including media and route), and whether they
are relevant to children; the intervals of exposure, and whether they included critical lifestages;
and issues suggestive of differential susceptibility of children or specific lifestages.

A detailed characterization of the study outcomes is also important for the
characterization of the database. Often, the structure and presentation of data summaries are
driven by the outcome data. Common links are examined across studies. For example, for one
chemical with detailed MOA information, the summary could focus on hazard in relation to that
MOA and what the MOA may predict about potential critical windows. For other chemicals, the
description might focus on specific developmental outcomes, target organs, or susceptible
lifestages. The emphasis of the hazard summary is on the relationships (i.e., patterns) across
observed outcomes, in relationship to lifestages and MOA. For some chemicals, only very
limited human or experimental animal hazard information may be available. However, detailing
the lack of information about an agent (i.e., data gaps and uncertainties) is crucial to an adequate

characterization of risk to children from environmental exposures.

4.1.3.1. Evaluation of the Weight-of-Evidence of the Hazard Database

During the evaluation of the hazard database, the major strengths and weaknesses of the
available relevant data are identified and are summarized in the WOE evaluation. The WOE
evaluation includes expert judgment of the completeness of the database. For this Framework,
key themes were adapted to meet the needs of evaluating human and toxicologic studies relevant
to children’s health risk assessment. These key themes include temporality, strength of the
association, qualitative dose-response relationship, experimental evidence, reproducibility,
biological plausibility, alternative explanations, specificity, and coherence (Figure 4-4) (Hill,
1965; Gray et al., 2001; Seed et al., 2005; U.S. EPA, 2000c, Chapter 4; Vineis and Kriebel,
2006; Weed, 2005). Criteria for evaluating the key themes for the WOE may be developed

during problem formulation (Chapter 3) to address specific assessment needs. The adequacy,
strength, and completeness of the entire database are considered. The description of the database
includes a qualitative exposure-response array, data gaps, uncertainties, and assumptions that are

summarized in the hazard characterization narrative (Section 4.1.5).
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Figure 4-4. Conceptual view of a WOE evaluation. This figure illustrates the considerations
within a WOE evaluation of toxicity data. The relative weight of each consideration will vary for
each assessment.

Source: Adapted from Hill, 1965; Gray et al., 2001.

The principles developed by Hill (1965) focused on evaluating human studies, while
Gray et al. (2001) focused on evaluating animal toxicology studies (Figure 4-4). Further details

about EPA’s WOE evaluation approach can be found in the Methods for Derivation of Inhalation

Reference Concentrations and Application of Inhalation Dosimetry (U.S. EPA, 1994),

Guidelines for Carcinogen Risk Assessment (U.S. EPA, 2005a), Supplemental Guidance for

Assessing Susceptibility from Early-Life Exposure to Carcinogens (U.S. EPA, 2005b), A Review

of the Reference Dose and Reference Concentration Processes (U.S. EPA, 2002a, Section

4.3.2.1), and Determination of the Appropriate FQPA Safety Factor(s) in Tolerance Assessment
(U.S. EPA, 2002d, Section I11). The following subsections describe the key themes that can be

considered in the WOE evaluation, and example questions are presented in Table 4-2.

4.1.3.1.1. Temporality. Temporality is the basic premise that the exposure must occur prior to
the outcome (U.S. EPA, 20023, pp. 4-13 to 4-14). For developmental lifestage-specific data,

temporality includes consideration of the relationship between the timing of exposure and
outcome. Depending on what is known about potential critical windows of exposure (Section
4.1.2.3), more or less credence may be given to the association with the observed outcome.

When developmental lifestage-exposure data exist, the temporal relationship between the
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exposure and outcome(s) may be assessed. Further, when there are data that provide an accurate
characterization of the timing of the exposure and outcome, the latency time between the
exposure to the outcome may be determined. For example, exposure to dibutyl phthalate (DBP)
during late gestation leads to a number of male reproductive developmental effects (e.qg.,
decreased anogenital distance, increased nipple retention, and hypospadias) that are observed at
different stages of development in the rat (Barlow and Foster, 2003; Gray et al., 1999b;
Mylchreest et al., 1999, 2000).

4.1.3.1.2. Strength of the association. Greater weight is generally given to more rigorous
studies as well as those with higher statistical power, and therefore, greater statistical precision.
Strength of the association considers both rigor and statistical power. Rigor is the degree of
proper design, conduct, and analysis of a study. It can be difficult to determine rigor because in
some cases, study methods presented in published studies lack sufficient detail. Additionally,
rigor is not simply equivalent to conduct under GLP regulations for nonclinical laboratory

studies (U.S. FDA, 1978). Many older studies showing early-lifestage sensitivity to carcinogens

were rigorously conducted, but before the GLP regulations were first published in 1978;
similarly, many rigorous studies in academic institutions do not follow GLP regulations.
Statistical power is the ability of a study to detect effects of a relevant magnitude and relates to
the sample size, the number of data points, the stratification of findings, and the background rates
of the specific outcome(s).

For the evaluation of human studies, the strength of an observed association may be
affected by the presence of uncontrolled or unmeasured confounders, the prevalence of effect
modifiers in the study population, or bias. A confounder is a variable that can cause or prevent
the detection of a change in an outcome of interest and is not an intermediate variable on the
causal pathway between exposure and outcome but is associated with the factor under
investigation. A confounding factor can often be controlled for or accounted for in the statistical
analysis. An effect modifier is a variable that modifies the outcome of interest by a greater
(synergistic or additive) or lesser (antagonistic) effect. An effect modifier can sometimes be

identified through stratification of the data. Many effect modifiers and confounders are

® There are different GLP citations for U.S. FDA and U.S. EPA (including for FIFRA and TSCA). These have been
updated several times over the years.
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potentially lifestage specific, and whether and how these have been evaluated in the data analysis
could affect the study outcomes or interpretation of study results. A lifestage-specific example
of a confounder is maternal socio-economic status (SES), which can influence or bias the
interpretation of the offspring’s cognitive development. For animal toxicology studies, a
lifestage-specific example of an effect modifier is maternal health status, such as maternal or
offspring nutrition, which can influence the development and maturation of the young (Cappon
et al., 2005; Fleeman et al., 2005). Another example is the timing of heat exposure and effects
on skeletal development in the rat (Cuff et al., 1993; Kimmel et al., 1993).

4.1.3.1.2.1. Variability analysis. The sources of variability within individual studies (Section

4.1.2.9) are also important factors for the interpretation of the dataset. They can contribute to
overall uncertainties in the database, including those uncertainties that are applicable to the
lifestage-specific hazard characterization. Variability of response across studies and possible
reasons for the variability are assessed and considered when developing an exposure-response
array. For example, in animal studies the response variable could vary among studies performed
when using different strains of the same experimental animal species or when studies are
performed in different decades, possibly due to genetic drift in laboratory animal populations
(Hartl, 2001; White and Lee, 1998).

4.1.3.1.2.2. Uncertainty analysis. In the evaluation of individual studies (Section 4.1.2), data

gaps (missing information) may be identified that could impact the quality of the study, and these
are considered in total when evaluating the database. In addition, when combining the data from
all the studies, data gaps for the comprehensive database of information on the chemical can be
assessed. For example, the combined studies may have assessed outcomes after exposure during
all developmental stages except for the peri-pubertal period. If this were the case, then a data
gap in coverage of this particular developmental lifestage of exposure would be noted. For any
chemical assessment, there will be inevitable gaps in the available lifestage-specific information;
it is the relative impact of missing or inadequate information to the overall goals of the
assessment that are to be judged. In some cases, information gleaned from the toxicologic
profiles of structurally-related chemicals or chemicals with a similar MOA can assist in

interpreting the relative importance of a data insufficiency. Sometimes this information can
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provide a way of bridging a data gap (Julien et al., 2004). When evaluating lifestage-specific

uncertainties and data gaps, study design (e.g., measurements, exposure, and outcomes across
lifestages) is addressed (U.S. EPA, 1991, Section 3.1.2.1; U.S. EPA, 1996, Section 3.3.1.5; U.S.

EPA, 2002a, Section 4.3.1). The characterization of data gaps also includes a determination of

whether required toxicologic studies (i.e., by statute or convention) are present (e.g., a rodent and
a non-rodent prenatal developmental toxicity study, and a reproduction and fertility effects
study).

Uncertainties arising from the absence of any other relevant data identified are addressed.
The potential qualitative and quantitative impact of these missing data on the risk assessment
(e.g., on the point of departure [POD]) is considered and may be useful in determining the
magnitude of a database uncertainty factor (UF) during dose-response characterization (U.S.
EPA, 2002a) (Section 4.2.4.4). Additionally, information from the exposure characterization
(Section 4.3) could be useful when identifying any remaining uncertainties in the hazard
characterization. For example, if the e