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and reviewed by the review panel members. The review members served as individuals,
representing their own personal scientific opinions. They did not represent their companies,
agencies, funding organizations, or other entities with which they are associated. Their opinions
should not be construed to represent the opinions of their employers or those with whom they are
affiliated.
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1.0 Introduction

In 2006, the Toxicology Division (TD) of the Chief Engineer’s Office released a
technical guide (RG-442) used by the Texas Commission on Environmental Quality
(TCEQ) to develop Effects Screening Levels (ESLSs), inhalation Reference Values
(ReVs), and inhalation Unit Risk Factors (URFs). Although this document was primarily
written as guidance for the TCEQ staff, it also documented the processes used to develop
ESLs, ReVs, and URFs for any interested person with training in inhalation toxicology
and risk assessment. ESLs are chemical-specific air concentrations set to protect human
health and welfare. Short-term ESLs are based on data concerning acute health effects,
the potential for odors to be a nuisance, and effects on vegetation, while long-term ESLs
are based on data concerning chronic health and vegetation effects. Welfare-based ESLs
(odor and vegetation) are set based on effect threshold concentrations. Health-based
ESLs, however, are calculated from ReV and URF toxicity factors. ReVs and URFs are
based on the most sensitive adverse health effect relevant to humans. Derivation of a ReV
or URF begins with a toxicity assessment involving hazard identification and dose-
response assessment based on the chemical’s mode of action. The resulting ReVs and
URFs are then used to calculate ESLs that correspond to no significant risk levels.

The Texas Clean Air Act (Chapter 382 of the Texas Health and Safety Code (THSC))
specifically mandates the TCEQ to conduct air permit reviews of all new and modified
facilities to ensure that the operation of a proposed facility will not cause or contribute to
a condition of air pollution. Because of the comprehensiveness of the language in the
THSC, the methods were developed so that ESLs could be derived for as many air
contaminants as possible, even for chemicals with limited toxicity data.

Since 2006, new scientific developments in toxicology and risk assessment have resulted
in changes to some risk assessment approaches, and the TD has derived some ReVs and
ESLs through methods not specifically discussed in (but consistent with) the existing
guidance (http://www.tceq.texas.gov/toxicology/dsd/final.html). As a result, the TD has
prepared revised guidelines that will be entitled “Guidelines to Develop Inhalation and
Oral Cancer and Non-Cancer Toxicity Factors.” The Guidelines are presented in seven
chapters. In Chapter 1, several fundamental topics are addressed including legal authority
and regulatory use, consideration of cumulative risk, problem formulation, and public
participation opportunities. Chapter 1 also provides an introduction to the different
toxicity values and their use in calculating health-based inhalation ESLs, introduces and
explains the use of Air Monitoring Comparison Values (AMCVs), and the use of toxicity
factors in remediation projects. Chapter 2 describes how welfare-based ESLs are
determined (i.e., odor- and vegetation-based values). Chapter 3 discusses common
procedures used to develop both acute and chronic toxicity values for the inhalation
routes and chronic toxicity factors for the oral routes of exposure. Chapter 4 addresses the
procedures that are unique to the derivation of acute inhalation ReVs, and Chapter 5
addresses the procedures that are unique to the derivation of chronic toxicity factors.
Chapter 6 provides procedures for the treatment of chemical groups and mixtures and
Chapter 7 discusses procedures for using epidemiology studies to develop toxicity
factors.
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TCEQ has engaged Toxicology Excellence for Risk Assessment (TERA) to conduct a
letter peer review of the revised guidelines. The purpose of the peer review was to
conduct a thorough and meaningful assessment of the document to ensure that the
material presented is relevant and is representative of the most currently available
scientific information for each of the presented topics. The goal of the peer review was
to provide independent evaluation of the robustness of the science covered in the
document and to determine if the conclusions reached are indicative of the body of
evidence presented in each section. This report summarizes the peer review comments
received on TCEQ’s updates to its Guidelines to Develop Inhalation and Oral Cancer and
Non-Cancer Toxicity Factors.

1.1 Process

TERA was responsible for managing all aspects of the peer review process, including
selection of the reviewers, evaluation of potential conflicts of interest of candidate
reviewers, development of the charge questions, distribution of the document, collection
and review of each expert’s written comments, and compilation of all comments into a
single report (this report).

1.1.1 Selection of Reviewers

TERA reviewed the draft document and identified the types of expertise needed by
reviewers for each section. TERA determined that the following expertise was required
in order for the panel to conduct a thorough review: understanding of issues associated
with developing acute risk values, modeling of epidemiology data for hazard
characterization, mode of action analysis, inhalation toxicology and dosimetry, oral
toxicology, assessing odor effects, and assessing the effects of chemicals on vegetation.
TERA assessed the peer reviewers for potential conflicts of interest. See Appendix A for
more information on conflict of interest. TERA selected a group of reviewers to provide
a balance of appropriate expertise and perspectives for each section. To maintain the
independence of the review, the peer reviewers had no direct contact with the TCEQ.
The list of reviewers is available in Table 1 and biographical information on the
reviewers is available in Appendix A.
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Table 1: Peer Reviewers and Affiliation

Affiliation

Mr.  Bruce  Allen Bruce Allen Consulting

Dr. Bob Benson Environmental Protection Agency (EPA)

Mr.  Craig Beskid The Mickey Leland National Urban Air Toxics Research
Center (NUATRC)

Dr.  John Christopher CH2M/Hill, Inc.

Dr. Pam Dalton Monell Chemical Senses Center

Dr. Ernest Falke Environmental Protection Agency (EPA)

Dr. Gary Foureman  ICF International

Dr. David Gaylor Gaylor and Associates, LLC

Dr. David Grantz University of California

Dr. Susan  Griffin U.S. Environmental Protection Agency (EPA)

Dr.  Lynne  Haber Toxicology Excellence for Risk Assessment (TERA)

Dr.  Rogene Henderson Lovelace Respiratory Research Institute

Dr. Maria  Morandi University of Montana

Dr.  Toby Rossman New York University School of Medicine

Dr.  George Rusch Risk Assessment and Toxicology Services (RATS)

1.1.2 Development of Charge

A key aspect of a successful peer review is a comprehensive and objective list of
questions to frame the reviewers’ comments. TERA conducted the review using a matrix
approach and arranged for the panelists to be organized into five sub-groups that each
reviewed different issues related to the revised guidelines. As a result, TERA drafted five
different charges that addressed the following issues: welfare-based ESLs (odor and
vegetation), acute ESLs, chronic oral noncancer and cancer assessment, chronic
inhalation noncancer and cancer assessment, and mode of action/use of epidemiology
data. TERA sent each charge to TCEQ to ensure that all key scientific issues would be
addressed by the review. However, TERA, as the organizer of the peer review, was
responsible for the final content and wording of each charge. An open-ended question
was included in each charge to allow reviewers to raise any additional relevant issues or
points that the charge questions did not cover directly. The five charges can be found on
TERA’s website at http://www.tera.org/Peer/TCEQESL/index.html.

Reviewers were asked to consider all aspects of the methodology and evaluate strengths
and weaknesses of the methods based on the specific questions described below, keeping
in mind that TCEQ may need to develop toxicity factors even when there may be a less-
than-desirable level of data in a chemical’s database. Where possible, the reviewers were
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asked to put the strengths and weaknesses in perspective by indicating their relative
magnitude. In addition, reviewers are asked to avoid emphasizing minor technical
details or making tutorial comments, but were encouraged to identify scientific
uncertainties and suggest ways to reduce or eliminate those uncertainties. Finally, the
reviewers were asked to focus on the significant revisions made since the 2006 document.

2.0 Peer Reviewer Comments

Reviewers were given one month to review the document and submit written comments
to TERA. TERA assigned each reviewer’s comments with a randomly generated number
in order to keep each reviewer’s specific comments anonymous. TCEQ evaluated the
peer reviewers’ comments and submitted clarifying questions for the reviewers. This
final report incorporates the reviewers’ responses to the clarifying questions.

2.1 General Issues

2.1.1

Does the guidance reference the most current, valid, and generally accepted federal
or state guidance documents or key papers (Section 3.1)?

Reviewer 1
Yes it does. The exception is it ignores some items from the National Research
Council. This will be discussed later.

Reviewer 2

It appears that the guidance documents and key papers cited by the TCEQ toxicity
factors guidelines are the most current and generally accepted. | know of no more
recent citations that should be used in lieu of those referenced by the guidelines.

Reviewer 3
The guidance document is well written and definitely uses the most current
references.

Reviewer 4

In my opinion section 3.1 does reference the most important guidance documents
that provide an overview of the risk assessment process. | recommend that the
1986 cancer guidelines and 1996 and 1999 draft cancer guidelines be relocated
from section 3.1.1 to 3.1.6.

Reviewer 5

Section 3.1 of the guidance provides the most current and generally accepted

Federal and State guidance, and key papers. This section could be expanded to

include the guidelines for derivation of AEGLSs (these are referenced in this

section and elsewhere in the document) because they constitute the most

formalized body of procedures for addressing acute exposure levels, and provide
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some insights on how to address issues of insufficient data. Also, please add
CalEPA to the OEHHA citation in this section (as cited in line 27 on page 109)
and to the glossary.

Reviewer 6

Review of Section 3.12 pages 83-93.

Based on my review of the section, the generally accepted federal and state
guidance documents, and key papers are included and adequately referenced.
There will always be some specific papers, new concepts and journal articles that
are not represented. This is minimal at this time with the major well accepted
papers, guidance and concepts well represented and cited. Rating=4. As
requested, to quantify relative strengths and weaknesses, | have used a positive 5
point system for relative strength (1 is very weak, 2 is weak, 3 is consistent with
accepted practice and documentation, 4 is strong, 5 is very strong).

Reviewer 7

| assume you are referring to Section 3.1 and not Section 3.12. The list of federal
and state documents appears to be complete. European documents based on
REACH and WHO approaches are not included, nor should they be, since the title
of the section refers only to federal and state documents. | note, however, that
WHO documents and other international documents are often cited in the text. |
think you might consider adding a section on international documents of interest.

Reviewer 8
[N/A]

Reviewer 9

The appropriate government guidance documents are cited (although it seems
more appropriate to list the RfC guidance with risk documents (as a key reference
for ESL derivation), rather than “other guidance documents”). If the distinction is
guidance or methods vs. guidelines, maybe the header for the risk guidelines
could be broadened.

A recommended addition — from the reference list of the draft ESL document:

e United States Environmental Protection Agency (USEPA 2011).
Recommended Use of BW 3 as the Default Method in Derivation of the
Oral Reference Dose. EPA/100/R11/001. Office of the Science Advisor.
Washington, D.C.
http://www.epa.gov/raf/publications/pdfs/recommended-use-of-bw34.pdf

More importantly, there are a number of key reference works from ILSI and IPCS
that should be listed — some of which (but not all) are cited elsewhere in the ESL
draft guidance:
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e |PCS (International Programme on Chemical Safety) (2005). Chemical-
specific adjustment factors for interspecies differences and human
variability: guidance document for use of data in dose/concentration—
response assessment.
(http://whqlibdoc.who.int/publications/2005/9241546786_eng.pdf)

e IPCS (International Programme on Chemical Safety) (2006) IPCS
framework for analysing the relevance of a cancer mode of action for
humans and case studies.
(http://www.who.int/ipcs/methods/harmonization/areas/cancer_mode.pdf)

e Boobis, AR; Doe, JE; Heinrich-Hirsch, B; Meek, ME; Munn, S;
Ruchirawat, M; Schlater, J; Seed, J (2008). IPCS Framework for
Analyzing the Relevance of a Noncancer Mode of Action for Humans,
Critical Reviews in Toxicology 38:87-96.

e Meek, M; Bucher, J; Cohen, S; et al. (2003). A framework for human
relevance analysis of information on carcinogenic modes of action.
Critical Reviews in Toxicology 33:581-653.

Reviewer 10

This is a very useful compilation of the discipline references. Care should be
taken about using some of the older references and tempered with more recent
knowledge as necessary.

Reviewer 11

The guidance documents listed in Sections 3.1.1 to 3.1.6 are identical to those
listed on the USEPA’s IRIS website and generally represent the most up to date
EPA guidance pertaining to the development of toxicity factors. | would suggest
adding the two most recent EPA Risk Assessment Forum publications Draft
Guidance for Applying Quantitative Data to Develop Data-derived Extrapolation
Factors for Interspecies and Intraspecies Extrapolation (USEPA 2011a) and
Recommended Use of the Body Weight % as the Default Method in Derivation of
the Oral Reference Dose (USEPA 2011b). The authors discuss and cite the 2"
new document in Chapter 5, but should also include it here in Section 3.1. The
ATSDR guidance document on the development of toxicity values is also
included in Section 3.1 which is helpful.

Reviewer 12

As indicated in the General comments [see section 3.0 below], this has been
accomplished to a degree beyond what would be expected. Importantly, these
reports have been implemented in this guidance document with reasoning and
justification that allows for correct and direct application.

Reviewer 13
[N/A]
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Reviewer 14

Section 3.1 of the TCEQ Guidelines provides a list of federal and state guidance
documents for developing toxicity risk factors that are current, valid, and
generally accepted. This list is so good that | am going to refer to it for my future
projects.

Reviewer 15

To the best of my knowledge, this guidance is complete and thorough, even
exhaustive, in its coverage of relevant guidance on development of toxicity
criteria available in the United States and Europe. It seems almost impossible that
anything was left out, but I found no mention of probabilistic methods, which was
surprising.

2.1.2

Are the procedures for addressing the differences between children’s and adult’s
susceptibility to risk (Chapters 3 and 5) appropriate and consistent with accepted
risk assessment methods? Procedures for addressing children’s risk are found
throughout the different sections of Chapters 3 and 5. In particular consider the
following specific recommendations:

2.1.2.1 Part A. The definition of child as conception to 18 years of age

Reviewer 1
It is appropriate.

Reviewer 2
Even though the ages of childhood are defined in Chapter 3 to be conception

through age 18 years, there seems to be some instances where this does not apply.
For example, when considering a mutagenic carcinogen in Chapter 5, the lifetime
risk calculation shows age-adjustments to the URF only up to age 16. | am not
saying that that is inappropriate, but it does appear to be inconsistent with the
blanket statement in Chapter 3 that childhood lasts until age 18. In fact, because
of the extent of the discussion of the various factors that affect lifestage-related
differences, and the fact that their rate of “maturation” is different, I would have
expected the guidelines to avoid a strict definition of “childhood” and recommend
adjustments based on what is known about the lifestage differences of the
processes relevant to the toxicity in question.

A related question is: how were the adjustment factors for the URF (10 for ages
less than 2 years, 3 for ages 2 to 16; see end of p. 162) selected? There is only a
brief reference to the 2005 Supplemental Guidance. This is in contrast to the
extensive discussion of other adjustments and age-specific considerations given
elsewhere in the guidance.
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Reviewer 3
[Please see overall comments under the section 2.1.2.5 Part E below].

Reviewer 4

Section 3.2 provides a fairly balanced discussion of the various issues related to
differences in child and adults and their response to toxicants. (Note: P. 39113
uses toxins instead of toxicants). The definition of a child is acceptable and Table
3-1 identifies and characterizes the important life stages that should be
considered.

Reviewer 5
[Please see overall comments under 2.1.2.5 Part E below].

Reviewer 6

Acceptable; Rating=4. As requested, to quantify relative strengths and
weaknesses, | have used a positive 5 point system for relative strength (1 is very
weak, 2 is weak, 3 is consistent with accepted practice and documentation, 4 is
strong, 5 is very strong).

Reviewer 7

| prefer the definition that includes from conception to "attainment of physical
and sexual maturity.” (as stated in the footnote on page 8 of Appendix C, the
white paper).

Reviewer 8
[N/A]

Reviewer 9
In general the recommendations are appropriate.

Reviewer 10
[Please see overall comments under 2.1.2.5 Part E below].

Reviewer 11
[No comments specific to this bullet].

Reviewer 12

Although it is not clear from the footnotes to Table 3-1 which EPA documents are
being referred to here (2005 a, b, or ¢?; 2006 a or b?), the upper portion of the age
definition at 18 should be better justified, perhaps by examining and referring to
Table 3-1 in the US EPA’s RfD/RfC revision document
(http://www.epa.gov/raf/publications/pdfs/rfd-final.pd) which presents a species
age comparison of specific life events and life-stage using terms of “young”,
“puberty” and “sexual maturity”. The age of 18 falls within the range of puberty
(12-21) but just outside the range of and sexual maturity (21-40). Therefore the
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figure of 18 years as an upper range is consistent with a number of sources and
could be considered defensible.

The identification of the lower end of the range of zero (i.e., inclusive of infants)
could also be justified. This is perhaps harder to accomplish than the upper limit
as life-processes and overall development status are so markedly different
between infants (30 days — 1 yr in Table 3-1 in US EPA, 2002) and the upper age
limit. As relevant dosimetric and dynamic results accumulate, however, (as
documented in the references cited and from the figures in your white paper) it is
becoming more and more apparent that inclusion of the infant age range is
justified as the lower age limit for this definition.

Reviewer 13
[N/A]

Reviewer 14
The definition of childhood as conception to 18 years of age is widely used.

Reviewer 15
[Please see overall comments under 2.1.2.5 Part E below].

2.1.2.2 Part B. The definitions of susceptible, sensitive, and vulnerable

Reviewer 1

| see the definitions for susceptible and sensitive on page 38. These definitions are
appropriate. | do not see the definition for vulnerable. It should also be on the
same page.

Reviewer 2

In general | thought the discussion of and proposed approaches to handle
differences between children’s and adult’s susceptibility to risk to be satisfactory.
This is not my area of expertise, So my comments may be a bit rudimentary.

Reviewer 3
[Please see overall comments under 2.1.2.5 Part E below].

Reviewer 4

| think there is a problem with the definitions of susceptible, sensitive, and
vulnerable. 1 did not find a TCEQ definition for vulnerable in this section. The
definitions used for susceptible and sensitive are not mutually exclusive so the use
of the terms remains unclear.

Reviewer 5
[Please see overall comments under 2.1.2.5 Part E below].
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Reviewer 6

Acceptable; Rating=4. As requested, to quantify relative strengths and
weaknesses, | have used a positive 5 point system for relative strength (1 is very
weak, 2 is weak, 3 is consistent with accepted practice and documentation, 4 is
strong, 5 is very strong).

Reviewer 7

| would reverse the definitions of sensitivity and susceptibility given on page 38,
lines 5-10. Sensitivity should refer to innate biological differences while
susceptibility should refer to tendency to get a disease or adverse effect (which
will include both sensitivity and exposure). For example, a fair-skinned person
may be sensitive to the sun but they are only susceptible to getting melanoma if
they stay out in the sun for a long time. Webster's dictionary defines sensitive as
being highly responsive to an agent, while susceptibility is defined as capable of
being affected by something. Being affected by something (i.e., developing a
disease or an adverse effect) must involve both sensitivity and a high degree of
exposure. As you say on p.38, line 5, it is most important that you define what
you mean and be consistent in the use of the terms. In reading the text, I noticed
that in most places your use of “sensitivity” is consistent with my definition, but
not yours. See page 39, line 26, and page 42, line 40, Table 3-2, page 51, line 16;
page 52, line 19, for example.

| did not see where the term “vulnerable” was defined. However, i have no
objection to the manner in which you have used the term.

Reviewer 8
[N/A]

Reviewer 9
In general the recommendations are appropriate.

Reviewer 10
[Please see overall comments under 2.1.2.5 Part E below].

Reviewer 11

I don’t recall seeing a definition of “vulnerable” but the definitions of sensitive
and susceptible sounded reasonable and are consistent with definitions elsewhere
(e.g., EPA’s IRIS glossary, Wikipedia).

Reviewer 12

Though not totally in synchrony with all definitions this reviewer has seen, these
terms are clearly defined by the authors and these definitions held to in the
various occurrences throughout the text. Therefore they are acceptable.

Reviewer 13
[N/A]
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Reviewer 14
[No specific comments.]

Reviewer 15
[Please see overall comments under 2.1.2.5 Part E below].

2.1.2.3 Part C. The identification of critical lifestages

Reviewer 1
Table 3-1 is an excellent description.

Reviewer 2
In general | thought the discussion of and proposed approaches to handle

differences between children’s and adult’s susceptibility to risk to be satisfactory.
This is not my area of expertise, So my comments may be a bit rudimentary.

Reviewer 3
[Please see overall comments under 2.1.2.5 Part E below].

Reviewer 4
[No comments specific to this bullet].

Reviewer 5
[Please see overall comments under 2.1.2.5 Part E below].

Reviewer 6

Acceptable; Rating=4. As requested, to quantify relative strengths and
weaknesses, | have used a positive 5 point system for relative strength (1 is very
weak, 2 is weak, 3 is consistent with accepted practice and documentation, 4 is
strong, 5 is very strong).

Reviewer 7
| found no problems with your identification of lifestages.

Reviewer 8
[N/A]

Reviewer 9
In general the recommendations are appropriate.

Reviewer 10
[Please see overall comments under 2.1.2.5 Part E below].
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Reviewer 11

I don’t have a problem with TCEQ’s definition of childhood or critical lifestages
as shown in Table 3-1. However, the text in Section 3.2 and references provided
for Table 3-1 give the appearance that these definitions are the same as the EPA’s.
They are not. Both of the EPA guidance documents cited for Table 3-1 actually
include ages 16 — 21 in the definition of childhood and define the critical
lifestages just a little bit differently. For example, the EPA guidance considers
the infant stage as birth to <12 months, while TCEQ considers the infant stage as
birth to <3years. | think the way TCEQ has defined childhood and critical
lifestages is reasonable, however, the document would benefit from a more
transparent explanation of what was done and why (including how they differ
from EPA). For editorial purposes, it would be helpful if references were
correctly cited. For example Table 3-1 cites USEPA 2005 and 2006. Yet there
are several USEPA 2005 and 2006 references provided in the Reference Section.
Also, the authors might consider including the USEPA Guidance on Selecting
Age Groups for Monitoring and Assessing Childhood Exposures to
Environmental Contaminants for completeness (USEPA, 2005).

Reviewer 12

As is indicated in my general commentary [see section 3.0 below] on
consideration of children’s issues in this report, there exists a clear bias towards
considering children always and foremost. It would seem that wording suggesting
that both development of relevant processes during youth and their diminution
during advanced age would result in and define critical lifestages in a more
equitable, realistic and unbiased manner.

[In response to a clarifying question] This reviewer contends that there exists a
bias in the document towards considering children always and foremost as a
susceptible lifestage/group before all others which could and often include gender
susceptibility and other lifestages such as pregnancy and advanced age.
Diminution of life processes in advanced age may well be a more toxicologically
sensitive period than development of life processes during infancy. A manner in
which this bias could be eliminated would be to add wording that is inclusive of
these groups.

Reviewer 13
[N/A]

Reviewer 14
Table 3-1 provides a good summary of life stages.

Reviewer 15
[Please see overall comments under 2.1.2.5 Part E below].
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2.1.2.4 Part D. The discussion of toxicokinetic and toxicodynamic
differences between children and adults

Reviewer 1

| found this to be a very interesting section, but of necessity too short. | think
there are very few generalizations that can be made, and these differences must be
demonstrated for each agent.

Reviewer 2

In general | thought the discussion of and proposed approaches to handle
differences between children’s and adult’s susceptibility to risk to be satisfactory.
This is not my area of expertise, so my comments may be a bit rudimentary.

Reviewer 3
[Please see overall comments under 2.1.2.5 Part E below].

Reviewer 4

| think it is an important step forward to discuss toxicokinetics and toxicodynamic
differences between children and adults. | suggest that TCEQ use these terms to
help the reader understand the points you are making. I think of toxicokinetic
differences to give a different internal dose at the target tissue from the same
external exposure; | think of toxicodynamic differences as giving a different
response at the same internal dose in the target tissue.

Reviewer 5
[Please see overall comments under 2.1.2.5 Part E below].

Reviewer 6

Acceptable; Rating=4. As requested, to quantify relative strengths and
weaknesses, | have used a positive 5 point system for relative strength (1 is very
weak, 2 is weak, 3 is consistent with accepted practice and documentation, 4 is
strong, 5 is very strong).

Reviewer 7
| saw no problems with the discussion of adult/child differences in toxicokinetics
and toxicodynamics.

Reviewer 8
[N/A]

Reviewer 9
In general the recommendations are appropriate.

Reviewer 10
[Please see overall comments under 2.1.2.5 Part E below].
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Reviewer 11
[No comments specific to this bullet].

Reviewer 12

Some specific comments have been made. In general, though, the guidance
follows the content and concepts in the accompanying white paper which is quite
an acceptable effort in this area. This reviewer considers this particular text as
balanced (i.e., largely unbiased) in that it points out that children are not always
more sensitive than adults.

Reviewer 13
[N/A]

Reviewer 14
It would be useful if numerical default values were added to Section 3.2.2 for
toxicodynamic differences between children and adults.

Reviewer 15
[Please see overall comments under 2.1.2.5 Part E below].

2.1.2.5 Part E. Other comments related to child/adult differences in risk.

Reviewer 1
[N/A]

Reviewer 2

In general | thought the discussion of and proposed approaches to handle
differences between children’s and adult’s susceptibility to risk to be satisfactory.
This is not my area of expertise, So my comments may be a bit rudimentary.

Reviewer 3
| found the procedures and comments on the differences between children and
adults contradictory in some places. On page 37, children are defined “from
conception to 18 years of age. Later, it is stated that no age adjustments are made
for people over 16. This should be consistent. As either number is somewhat
arbitrary, 1 would use 18 as it appears most often. 1 also consider the fetus unique
and would not include it in the children category. Exposures to the fetus occur as
a secondary event following exposure to the mother. As such, the fetus is
exposed to metabolites and exposure to the parent compound can vary from high
to non-existent depending on the volatility, solubility, and reactivity of the
substance. The descriptions on pages 37-42 is excellent and concludes that
differences can result in children being either more or less sensitive than adults,
therefore, uncertainty factors should be evaluated on a case by case basis (P. 38 L
29-33; P. 39 L 29-36; P. 41 L 1-14; P. 42 section 3.2.4; and P. 78 L15-30).
However, on P. 86 L 34-41 application of default UFs are described. The
assumption in this section is that children are more sensitive than adults. These
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comments negate much of the earlier discussion. The other points in section 2
were well covered.

Reviewer 4
In my opinion, many of the examples in section 3.2.2, P41 L37 and continuing to
page 42, do not deal with toxicodynamic differences.

Reviewer 5

Sections describing differences between children and adults susceptibility are well
described and consistent with current risk assessment practice. The definition of
children from conception to age 18 is consistent with Texas’ practice (age 21 is
considered the upper limit at the Federal level). So are the definitions of sensitive,
susceptible, and vulnerable populations. The identification of life stages is also
appropriate. Differences in toxicokinetics and toxicodynamics between children
and adults are presented in sufficient detail. Addition of a table summarizing the
key differences would help follow the discussion on these differences. Some
discussion of the interplay between environment (e.g., nutritional status) and
toxicant effects in children and adults may be warranted. For the pre-natal life
stage, it would be useful to add some explicit discussion on primary and
secondary effects on the fetus, and the guidelines to address them.

The guidelines for identifying key studies are well presented. In section 3.4.3.4,
the authors may consider modifying the text in lines 6-7 to “lack of biological
plausibility” instead of “causal relationships” because epidemiology studies are
generally not suitable for establishing robust cause-effect associations.

“Population Exposure Studies” may be a better subtitle for section 3.4.3.6.1 than
field studies.

Section 3.4 does not mention other sources of information (which is mentioned in
other parts of the report), such as non-peer review reports of studies by private
companies that may provide information not available elsewhere.

Reviewer 6

Acceptable; Rating=4. As requested, to quantify relative strengths and
weaknesses, | have used a positive 5 point system for relative strength (1 is very
weak, 2 is weak, 3 is consistent with accepted practice and documentation, 4 is
strong, 5 is very strong).

Reviewer 7

| am not sure | understand this question, but I found that you gave adequate
references to documents that describe the potential differences between adults and
children in response to toxic agents.
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Reviewer 8
[N/A]

Reviewer 9

In general the recommendations are appropriate. WHO (2006) gives an extensive
review of the developmental timing of various organ systems and is worth citing
for that information.

Reviewer 10

This section is well written and provides a good introduction to the factors that
must be considered when looking at children. If provides general principles that
should be considered when appropriate and data are available without resorting to
an inflexible dogmatic approach.

Reviewer 11

The discussion of what toxicokinetics is and how the differences between children
and adults can be determined qualitatively or quantitatively was adequate. The
discussion of toxicodynamics was not as clear. In the toxicodynamics section it
would have been helpful to begin with a definition of toxicodynamics. For
example, the determination and quantification of the sequence of events at the
cellular and molecular levels leading to a toxic response to an environmental
agent. Toxicodynamic variability within the human population is calculated as
the relationship between concentrations or dose metric values producing the same
level of the response in the general population and in susceptible groups or
individuals. Human studies which demonstrate a given level of response at a
lower concentration in the susceptible population as compared to the general
population are one example of how toxicodynamic differences can be identified.
In vitro data (e.g., genetic polymorphisms) representing the two populations is
another approach. The Guidance for Applying Quantitative Data to Develop
Data-Derived Extrapolation Factors for Interspecies and Intraspecies
Extrapolation (USEPA 2011a) may be helpful in providing more easily
understood definitions and examples of toxicodynamics.

Reviewer 12
The guidance on study identification is both thorough and thoughtful. No
comments are offered.

Reviewer 13
[N/A]

Reviewer 14

Guidelines on how to identify studies that describe toxicokinetic and
toxicodynamic between children and adults are adequately described in Section
3.4.3.
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Reviewer 15

The recommended methods for assessing children’s risk are consistent with the
best methods available, which | believe to be those of USEPA and California
EPA. Like all other topics addressed in this guidance document, the subject is
covered in exhaustive detail. The only topic on which I take issue is the division
of the period from birth to 18 years into so many time periods, each with
somewhat different methods for estimating risk. In my opinion, the evidence for
this many divisions is rather weak, even though the treatment in the guidance is
consistent with published materials from USEPA and Cal/EPA. The definitions
of susceptible, sensitive, and vulnerable are rather prescriptive, quite possibly
allowing the risk assessing inadequate latitude for addressing novel situations.

2.1.3

Does the guidance clearly describe the approaches to be used by TCEQ, and provide
supporting rationale, in situations where it employed different procedures than
those recommended in referenced federal or state guidance documents?

Reviewer 1
Yes.

Reviewer 2

The approaches to be used by TCEQ are clearly described. The discussion of the
reasons for deviating from other procedures was one of the highlights of these
guidelines; | found the support for those deviations to be very well developed and
presented.

Reviewer 3

While the guideline does an excellent job of describing the approaches TCEQ
should take and clearly references and summarizes Federal Guidance; in the
application of UFs, it appears that the composite UF for many chemicals will be
very large as a consequence of multiplying the many (5) UFs together. In many
cases in the document, the argument is presented that large UFs are often not
required. However, these excellent descriptions could be negated by the
application of multiple UFs. In the development of AEGL values, the committee
often limited itself to two UFs, one for animals to man and the second to include
sensitive members of the population. In a few cases a modifying factor was also
used to account for a poor data base or using a LOAEL instead of a NOAEL.
Using a range of 1, 3 or 10 for each of the two factors and 2 or 3 for the
modifying factor, limits the total uncertainty to a maximum of 300. For
chemicals with a reasonable data base (GLP multiple acute, 28 day and possibly
other data), we would not use a modifying factor. However, we are developing
acute exposure guidance levels. One of the most recent reviews on data
extrapolation (ECETOC Guidance on Assessment Factors to Derive DNELSs,
Technical Report 110 page 17, 2010) recommends a factor of 3 for subacute to
subchronic, 2 for subchronic to chronic and 6 for subacute to chronic, this was
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based on reviews of a large number of studies. The discussion on P. 65 | 12-29 on
the BMDL is noteworthy.

Reviewer 4

| believe TCEQ has provided its rationale when it advocates using different
procedures from referenced federal or state guidance documents. Although I do
not necessarily agree with TCEQ’s choice, these differences are science policy
decisions.

Reviewer 5

In general, the document does a good job indicating deviations from other
procedures and providing the rationale. However, need to be highlighted by using
italics or boldface.

Reviewer 6

The guidance clearly describes the approaches to be used by TCEQ, and the
supporting rationale. Rating=3. As requested, to quantify relative strengths and
weaknesses, | have used a positive 5 point system for relative strength (1 is very
weak, 2 is weak, 3 is consistent with accepted practice and documentation, 4 is
strong, 5 is very strong).

Reviewer 7
The general answer to this charge question is yes, the guidance is clear. But |
have noted a few places where | think the guidance can be made clearer.

| found a problem with one part of Table 3-2. In the row titled “seriousness of the
endpoints,” | do not find it acceptable to list “less serious” as the reason for low
concern. The term “less serious” is not informative. | think you could at least list
“irreversible effects” under the column for high concern, and then list “reversible
effects” or “adaptive responses” under the column for low concern. | would think
irritation is another effect that might be listed under low concern. Later in the
document, more specific listings of less serious effects are given (see 3.7.1.4.2)

| was not sure as to the strict definition of “toxicity factor,” a term used frequently
in the document. The term is used in the title of the document and is described in
a general sense in Chapter 1. But | did not find where there was a list of terms
included under oral or inhalation toxicity factors. Perhaps you could list the
definition of toxicity factors in your glossary of terms at the beginning of the
document (page 4).

Reviewer 8
[N/A]
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Reviewer 9
In general the recommendations are appropriate.

Some specific comments:

| would recommend that the literature search strategy include review of

existing risk values (as noted elsewhere in the document), particularly

since TCEQ looks at other risk values for appropriateness, as part of its
strategy for leveraging resources.

P.51,112: I would disagree with the framing of the burden of proof for

human relevance. As shown in the IPCS framework, rather than animal

effects “must be relevant,” animal effects are excluded if they are shown
not to be relevant (but are included if it is uncertain or the MOA is
unknown). Further, since this analysis can be conducted only after the

MOA is evaluated, it may make sense to present Figure 3-1 after the

discussion of evaluation of MOA.

Section 3.1.2.2.1 mentions USEPA severity grades, but does not provide a

reference. Please include the reference.

Section 5.5 in general seems focused on child-adult differences, rather

than issues for UFs specific to chronic values.

Section 5.5.1 is almost entirely focused on age-related differences in

sensitivity (i.e., children’s risk). This is only one of many contributors to

human variability. Other factors affecting sensitivity should be
mentioned, including toxicokinetic variability (including genetic
polymorphisms and lifestyle-related factors such as CYP 2E1 induction
from alcohol consumption), and background disease (e.g., COPD,
asthma).

It would be useful for Sections 3.1.2.3.2 and 5.5.2 to note the key question

addressed by this UF with respect to data gaps: would additional studies

identify a different critical effect? (Many of the questions listed in
3.1.2.3.2 can be thought of as questions that assist in addressing this over-
reaching question.)

The variations from EPA’s guidance for the approach for the UF for

LOAEL to NOAEL appear appropriate and reasonably well justified from

the literature.

The approach for the database UF in Table 5-2 appears to be a useful

extension/enhancement of current practice. Several aspects of the table

would benefit from further explanation:

1.  While the potential UFD values listed are consistent with current
practice, the use of these numbers for the specified databases would be
strengthened by citation of relevant supporting analyses:

o Dourson, M.L., L. Knauf and J. Swartout. 1992. On reference dose
(RfD) and its underlying toxicity database. Tox. Ind. Health 8(3):
171-189.

o And a more recent follow up analysis, including chemicals other
than pesticides at:
http://www.tera.org/Peer/UFD/UFDWelcome.htm.
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2. Where ranges are given, is the intent to use only the bounds of the
ranges (i.e., 1-3 is really 1 or 3?) If not, how would numbers be
chosen within the range and how does TCEQ intend to ensure a
consistent approach?

3. It would be useful also to give some rationale as to the use of 6 as a
further intermediate value. Presumable it was chosen as the next
arithmetic intermediate between 3 and 10, but no rationale is given.

Reviewer 10
See response to charge question 2.4.8.

Reviewer 11

For the most part, this document is utilizing the approach used by USEPA for the
development of chronic oral toxicity values. There were some minor differences
such as not including a modifying factor along with the uncertainty factors
(Section 3.12.4), limiting cumulative uncertainty to 3000 (Section 3.13), and
developing toxicity values for chemicals with limited toxicity data (Section 3.16).
The rationale for these different approaches is clearly described and sounds
reasonable.

Reviewer 12

The General Comment [see section 3.0 below] contains statements regarding the
clarity and thoroughness in the manner in which this is accomplished in the
guidance.

Reviewer 13
[N/A]

Reviewer 14

The TCEQ Guidance Document clearly describes the approaches to be used and
provides documentation where procedures differ from federal or state guidelines,
e.g., Section 3.12.2.2.

Reviewer 15
The guidance certainly does describe every conceivable method and provides well

documented rationale for each. The draft document actually reads more like a
textbook than a guidance document. | found very few deviations from Federal
guidance, and none of major consequence.

Report on a Letter Peer Review of the Texas Commission on Environmental Quality’s (TCEQ)
updates to its Guidelines to Develop Inhalation and Oral Cancer and Non-Cancer Toxicity Factors
28



2.1.4

Are the recommendations for determining adverse from non-adverse effects and the
approach to determining if a response in a toxicology study is adverse or non-
adverse appropriate and consistent with accepted risk assessment practices (Section
3.7.1)?

Reviewer 3

The description of the criteria for the differentiation of adverse from non-adverse
effects is well presented and consistent with risk assessment procedures. Care
should be taken to assure that these procedures are carried out in practice as well.
The comments on P. 55 | 26-33 define an excellent approach.

Reviewer 4

| believe the practices summarized in Section 3.7.1 are consistent with accepted
risk assessment practices. Although the section does not clearly state that TCEQ
is adopting these practices, | assume that is the intent as there is no discussion of
deviation from the practices summarized here.

Reviewer 5
The recommendations are appropriate and consistent with current practice.

Reviewer 6

The recommendations for determining adverse from non-adverse effects and the
approach to determining if a response in a toxicology study is adverse or non-
adverse appropriate is consistent with accepted risk assessment practices.
Rating=3. As requested, to quantify relative strengths and weaknesses, | have
used a positive 5 point system for relative strength (1 is very weak, 2 is weak, 3 is
consistent with accepted practice and documentation, 4 is strong, 5 is very
strong).

Reviewer 7

In general, the answer is yes. But there is one sentence in Section 3.7.1.1 that is
in error. The sentence on page 55, lines 33-36, mixes apples and oranges.
Statistical significance is required to determine if an effect has actually occurred,
i.e., that the observation is not due to chance alone. Once a statistically
significant effect has been observed, then one can evaluate whether the effect is
biologically significant. This is well illustrated in Figure 3-4. But it is not true that
one can have a biologically significant response that is not statistically significant.
However, one can have a statistically significant response that is not biologically
significant. The article by Lewis et al., 2002 was making the latter point, not the
former. (See Figure 3-4 and also see page 63 for an accurate description of the
distinction between statistical significance and biological significance.)

Reviewer 10
This section reflects the fact that judgment must be exercised to make this
determination.
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The guidance with examples is very useful and the continued emphasis that
judgment, not blindly following rules, is required.

Reviewer 11

Although definitions of what constitutes an adverse effect are readily available,
the application of that definition to a toxicological study is commonly subjective
and problematic. Section 3.7.1 attempts to provide more definitive information
on how to identify an adverse effect. The guidelines and recommendations
provided in this section (e.g., biological vs. statistical significance, adaptive
responses, precursor effects, etc.) are scientifically sound and consistent with
toxicological practices.

Reviewer 12

A number of specific comments and specific suggestions have been made in this
section. In particular this reviewer considers that addition of Schulte-type
diagrams would be more suitable than that presently in this section.

Reviewer 15

| found these sections to be quite thorough, but overly prescriptive. Every peer
review panel on which I have sat has needed to address the issue of the borderline
between adaptive and adverse effects. Regardless of any guidance TCEQ might
publish, risk assessors and peer reviewers will bring their own prejudices to this
topic. | believe this openness is appropriate for a topic so difficult and
controversial.

| found that the treatment of precursor effects is not adequate. Definitions of
precursors are good, but the guidance needed is how to apply uncertainty factors
when the critical effect is a precursors. TCEQ should offer some wisdom here in
order to prevent another debacle like perchlorate. RfD guidance says a precursor
may be selected as the critical effect only if it is the immediate precursor of the
toxic effect. As systems biology is applied to toxicity criteria, our profession will
be examining ever earlier combinations and permutations of biological
phenomena. It is necessary to avoid the practice of “lowering the bar” by
applying UFs to very earlier precursors.

Section 3.7.1.4 provides a list of effects classified as not adverse, less serious,
transitional, or serious. Do you agree with this classification of effects? Would you
move any effect to different category or add an effect to any category?

Reviewer 3
The listing of effects and the degree of seriousness appears to be complete and
should serve as guidance to a far wider audience than TCEQ.
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Reviewer 4

This section provides useful general guidance on the severity of adverse effects. |
would add a disclaimer that this is not an exhaustive list, but is included to
provide a general overview. In general | agree with the classification scheme
presented. However, some listed as Serious Effects could be considered
transitional depending on the degree of the response in the test species. |
recommend adding some wording that TCEQ will consider the degree of the
response when distinguishing between Transitional and Serious Effects.

Reviewer 5

Effects categories are generally reasonable and consistent with ATSDR’s
definitions. Please note that the ATSDR guidance is still in draft form (i.e., do not
cite or quote). This section should include some text describing the rationale for
each category, and the limitations for use of these categories as understood by
ATSDR.

Reviewer 6

The list of effects classified as not adverse, less serious, transitional, or serious is
exhaustive. Rating=4. As requested, to quantify relative strengths and
weaknesses, | have used a positive 5 point system for relative strength (1 is very
weak, 2 is weak, 3 is consistent with accepted practice and documentation, 4 is
strong, 5 is very strong).

Reviewer 7

| have some questions. Under less serious effects, what is meant by moderate
serum chemistry changes? What is considered to be moderate? This should be
specified. In two places (page 60, lines 1 and 13) you list weight loss or gain
“assuming normal food consumption.” | do not know how one could have weight
loss unless food consumption was also decreased (I have known people on diets
who wish that were possible!). What do you mean by “normal food
consumption”?

Reviewer 10

The categories presented are reasonable. As always judgment must be exercised.
As noted, irreversible effects increase the concern level. If the assessment is based
upon a POD for relatively minor effects, consideration should be given to how
close that POD is to doses that cause severe toxic effects or a false sense of
security may result. This is especially true for compounds with steep dose
response curves.

Reviewer 11

As stated in Section 3.7.1.4 this listing was copied from the ATSDR guidance
document. I’m sure arguments could be made for moving effects up or down on
the list depending on one’s idea of severity. For example, what is meant by
moderate serum chemistry changes? If you are talking about statistically
significant elevations from the control, but still within normal physiological

Report on a Letter Peer Review of the Texas Commission on Environmental Quality’s (TCEQ)
updates to its Guidelines to Develop Inhalation and Oral Cancer and Non-Cancer Toxicity Factors
31



ranges, | would consider this to be a non-adverse effect. However, I think the list
provides a reasonable starting point for classifying the severity of an effect. This
classification is then used in the quantification of toxicity factors. The USEPA
guidelines for RfD development recognize that the severity of an adverse effect
should be considered in the application of the uncertainty factor for LOAEL to
NOAEL extrapolation. However, EPA does not provide specific examples such
as those shown here in Section 3.7.1.4. Consequently, severity of effect is seldom
taken into consideration in the development of values for the IRIS database. |am
encouraged to see this issue presented in detail in the TCEQ document in a
manner that can be applied in practice.

Reviewer 12

Many such classifications have been advanced and found almost immediately to
be invalid. This classification, however, appears to be a bit more in alignment
with actual pathophysiology findings commonly encountered in toxicity studies.
Also, the classifications are further qualified somewhat regarding whether they
are found in conjunction or absence of related effects. Yet another attribute is the
lack of a formal categorization value or numeric score that inherently and
erroneously implies an internal quantitative relationship (e.g., a severity rating of
4 is 2x that of a severity 2). However, the actual application of such a gradation
of adverse effects (less serious, transitional) in estimation of a BMR or
Uncertainty Factor determination for anything other than descriptive purposes
remains and is considered to be inherently problematic.

Regarding specific recommendations, this reviewer finds the placement of
“moderate” clinical enzyme alterations under “less serious” to be quite vague and
lacking a counterpart in the preceding non-adverse category. Other than deletion
of the erroneous BMD/C comment under “non-adverse” effects, no other
additions or deletions are suggested.

Reviewer 15
Where does TCEQ place behavioral effects and clinical observations?

| take issue with the treatment of necrosis. This term means death of cells,
usually visible histopathologically. This cannot be non-adverse, given TCEQ’s
earlier definition of adversity which include microscopically visible changes.
These two sections should be brought into agreement. Also, pathologists
customarily grade severity of necrosis with as many as five different descriptors:
none, mild, moderate, marked, or severe. In my opinion, the category which
marks the border for loss of function of the organ is very likely to be a matter of
disagreement among pathologists. This is another case where being overly
prescriptive will only lead to arguments.
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2.1.6

In Chapter 3, are the general approaches described for identifying critical effect,
selecting a key study, or defining the point of departure (including the hierarchy for
selecting a point of departure) consistent with accepted risk assessment
methodologies?

Reviewer 3
The general approaches for defining critical effects; selecting key studies; and
PODs are well presented and consistent with current risk assessment procedures.

Reviewer 4
| agree that the general approaches described in Chapter 3 are consistent with
accepted risk assessment practices.

Reviewer 5
The approaches described for consistent with current practice.

Reviewer 6

There are many general approaches in the literature and guidelines by regulatory
organizations, for identifying critical effect, selecting a key study, or defining the
point of departure. The selections and explanations provided in the document are
well suited for the applications presented, and consistent with generally accepted
risk assessment methodologies. Rating=4. As requested, to quantify relative
strengths and weaknesses, | have used a positive 5 point system for relative
strength (1 is very weak, 2 is weak, 3 is consistent with accepted practice and
documentation, 4 is strong, 5 is very strong).

Reviewer 7

Yes, | had no problems with the approach described. I will note a few places

where | think the wording needs to be changed.

e On page 63, line 43, it is stated the “the terms BMD and BMDL will be used
to describe both oral and inhalation exposures.” My question is why do that?
And | did not notice that you actually did use those terms for both oral and
inhalation exposures. So | recommend leaving that sentence out or explain
why you need it.

e On Figure 3-7, I did not understand the use of the terms protective and
predictive. They appear to be modifiers of the term “exposure” but on second
thought I think they refer to the general process. A footnote is needed.

e On page 69, line 11, | was not sure what was meant by saying that if
experimental data were used to “fit” the model, additional uncertainty would
be added to the model. | would think that observed data would add more
certainty to a model. Perhaps | misunderstand. An example might help.

e On page 70, lines 1-10, I found it surprising that 2 of the three models listed
are for inhaled particles, even though the preceding pages were mainly a
discussion of inhaled gases. The discussion of the factors affecting the
deposition of inhaled particles, particularly discussion of the effect of particle
size, comes in a later section (3.10.3). Even in that section, there was very
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little discussion of the importance of particle size in inhalation toxicology and
| found no discussion of nano particles and their deposition rates and sites.

e Table 3-4, is taken directly from the Hanna et al. (2001) paper and is written
in an engineering language that may not be familiar to all. For the definitions
of the three types of gases, | prefer what is given in the abstract of the paper:

= Category 1: Gases that are highly soluble and/or reactive, absorbing
primarily in the extrathoracic airways.

= Category 2: Gases that are moderately soluble and/or reactive
absorbing throughout the airways;

= Category 3: Gases that have low water solubility and are lipid soluble
such that they are primarily absorbed in the pulmonary region and
likely to act systemically.

e Figure 3-10 comes from the White Paper (Appendix C) where the equations
mentioned in the figure are presented. However, neither the figure nor the
equations are referenced here. Thus the reader does not know where to find
them.

e On page 85, line 41, what is the “remaining factor” referred to here?

e Page 100, lines 30-33: This sentence needs to be written more clearly.

Reviewer 10
Yes.

Reviewer 11

Yes. The methodologies described for developing chronic oral cancer and non-
cancer toxicity values are essentially the same as the USEPA methodology for
developing RfDs and oral slope factors.

Reviewer 12

These procedures are mostly like others this reviewer is familiar with, although
they are a bit more detailed and seem to have the potential to be especially useful
for those less than familiar with risk assessment processes.

Reviewer 15
I agree with the authors’ treatment of this important subject.

2.1.7

Should the critical effect be selected before or after uncertainty factors are applied
(Section 3.11)?

Reviewer 3

Section 3.1.1 presents all key considerations for the determination of the POD.
As the UFs will be determined based on the severity of the effect selected and the
MOA, the data analysis, and hence the POD, must be determined before selection
of appropriate UFs.
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Reviewer 4

TCEQ does not mention in Section 3.11 that it is considering an option. My
recommendation is to select the critical effect first and then apply appropriate
uncertainty factors.

Reviewer 5
The critical effect should be selected before applying uncertainty factors.

Reviewer 6

The critical effect should be selected prior to the application of uncertainty
factors. Rating=2. As requested, to quantify relative strengths and weaknesses, |
have used a positive 5 point system for relative strength (1 is very weak, 2 is
weak, 3 is consistent with accepted practice and documentation, 4 is strong, 5 is
very strong). The use of uncertainty factors in the risk assessment process is
useful because data are not generally available to indicate how humans react to an
exposure, and to protect more sensitive members of the general population. The
value and use of uncertainty factors has improved greatly with more research,
data and understanding. This improved understanding and detailed evaluation of
data bases has led to improvements that allow for the incorporation of more
scientific data into the dose-response assessment of non-cancer toxicity. The goal
of risk assessment is to be able to describe the risk, or lack of risk, for various
exposures. The state of the science has now evolved so that every effort should be
made to use all of the available scientific information in establishing appropriate
UFs. Selection of the critical effect prior to the application of uncertainty factors
will improve the selection of the uncertainty factor by focusing the risk assessor
(and the subsequent data selections) on the critical effect to be evaluated. The
section was rated as 2 because | did not see that the method described the
recommended selection of the critical effect prior to the application of uncertainty
factors.

Reviewer 7
The critical effect should be selected before uncertainty factors are applied.

Reviewer 10

The critical effect should be selected before applying uncertainty factors. Values
determined with UF application are derived values, not data. They reflect
uncertainty. That is a pervasive problem in regulatory toxicology. All too often
derived values take on a life of their own such that it is sometimes impossible to
determine what the data were. To accomplish your mission to derive “safe”
exposure levels you have to apply the UFs. However, the critical effects should
be selected based upon the analysis of the DATA and not a value that incorporates
degrees of uncertainty that will differ depending on who did the evaluation. As
you note in your document, if the critical effect is a minor one but close in dose to
an exposure causing a serious effect, you might want to incorporate another factor
to ensure safety.
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Reviewer 11

The typical sequence of events in the derivation of a threshold toxicity value is to
identify the critical effect and effect level first, and then apply uncertainty factors
to derive the RfD.

Reviewer 12

Selection of the critical effect after UF application would most always result in
the effect about which there is the most uncertainty. The critical effect, by most
definitions, is that which would avoid all other adverse effects. Therefore UF
should always be applied after the critical effect has been chosen.

Reviewer 15

When methods for the RfD and RfC were first devised in the 1980s, selection of
the critical effect and study were always done prior to the application of UFs. In
my opinion, TCEQ has got it right when they recommend completing the entire
calculation before making their selection(s). | have seen no clear guidance on this
subject from USEPA or elsewhere; perhaps the treatment in this draft document
can enter common use.

2.1.8

Is the general information including cutoffs and definitions on physical/chemical
properties described in Section 3.4.1 complete and appropriate?

Reviewer 3

The information in the physical properties section is well presented and generally
appropriate. However, in looking at the criteria for PM vs. vapor, one must
consider overall toxicity. A substance with a vp of 0.01 mm Hg @ 25°C has a
saturated vapor concentration of 13 ppm @ 25°C. Many substances can be toxic
at that level. Therefore, while this is good guidance, a caveat that cautions the
Risk Assessor to consider the toxicity of the substance as well as the vp should be
included in the document.

Reviewer 4
The information outlined on physical/chemical properties seem appropriate to
consider in a risk assessment.

Reviewer 5

In general, this information is correct and appropriate, including the cut-offs. A
caveat should be added to the effect that the cut-offs represent approximations (or
rules of thumb, as indicated in the subtitle for Log Kow).

(Editorial: replace “is” for “it” in line 10 of page 47)

Reviewer 6
The general information on physical/chemical properties is complete and
appropriate. Rating=3. As requested, to quantify relative strengths and

Report on a Letter Peer Review of the Texas Commission on Environmental Quality’s (TCEQ)
updates to its Guidelines to Develop Inhalation and Oral Cancer and Non-Cancer Toxicity Factors
36



weaknesses, | have used a positive 5 point system for relative strength (1 is very
weak, 2 is weak, 3 is consistent with accepted practice and documentation, 4 is
strong, 5 is very strong).

Reviewer 7

Yes, except the point is not clearly made that the physical state of a chemical
(solid, liquid or gas) depends not only on the temperature, but also on the
atmospheric pressure. This becomes important for people living at altitude.

Reviewer 10

This section provides an excellent synopsis of the type of analysis that is currently
used in the Premanufacture Notice (PMN) program of EPA. It also discusses the
consequences of differing values on absorption and penetration into the lung. Itis
a useful surrogate when data on absorption are not available.

Reviewer 11

| thought Section 3.4.1 provided some good examples of chemical and physical
properties which may impact what we know about the toxicity of a chemical. Of
course, the chemical and physical properties of importance will vary depending
on the chemical and may include different or more properties than those shown
here. For example, molecular weight and Henry’s Law constant are useful
properties when evaluating volatile organic compounds. So rather than seeing
Section 3.4.1 as an all-inclusive list, | interpreted it as an example of some
chemical/physical properties and how they influence toxicity.

Reviewer 12

Several specific comments have been made here, one regarding the inclusion of
vapor pressure and estimation of maximum allowable air concentrations. The
explanation of Kow values and bioaccumulation is excellent.

Reviewer 15

| have just one comment on this topic. The discussion of the importance of
boiling point, vapor pressure, and Henry’s Law should be presented earlier in this
section, because these properties are so very crucial to predicting inhalation
toxicity and understanding inhalation exposure.

2.1.9

When a free standing NOAEL is used as the POD, are exposure duration
adjustments in Section 3.9.3 appropriate?

Reviewer 3

The application of n=1 to a free standing NOEL in going to longer exposure

levels is appropriate. In going to short exposure durations, ten Berge et al. have

shown that n=3 is a reasonable approximation. | therefore do not agree with the

recommendation on P. 73 1 11-13. The slope of the line when n=3 is very nearly
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flat. However, it is important to look at data from other studies on that material.
Many fluorinated hydrocarbons have free standing NOELs. The upper limit for
repeat exposure testing is 50,000 ppm. Above that, there is a risk of inducing
effects due to anoxia since the oxygen level is lower (e.g. at 100,000 ppm or 10%
the oxygen level is reduced by 10% from 21% to 19%). However, with added
oxygen in acute exposure studies, animals can survive exposures of 400,000 ppm
(40%) and greater. In this case it is appropriate to extrapolate to a shorter time. |
would not recommend n=1, but either n=2 or n=3 could be appropriate.

Reviewer 4
This section appears to apply only to inhalation exposures.

Reviewer 5

Yes. Adjustment from a shorter to a longer duration is justified because it is more
conservative, while adjustment from the longer to shorter duration is not
appropriate unless there is evidence to support it.

Reviewer 6

The choice of free standing NOAEL as the POD is appropriate. Rating=3. As
requested, to quantify relative strengths and weaknesses, | have used a positive 5
point system for relative strength (1 is very weak, 2 is weak, 3 is consistent with
accepted practice and documentation, 4 is strong, 5 is very strong).

Reviewer 7
| consider the exposure adjustments to be valid.

Reviewer 10

The response to this question cannot just focus on Section 3.9.3 because the
concepts there are developed in earlier parts of Section 3.9. The response
therefore will discuss all of Section 3.9.

e Section 3.9.1.

i. The most important comment here is that these curves are valid for
frankly toxic effect exposure levels. The AEGL Program assumes the
duration scaling for lethality is generally applicable to disabling
effects. This relationship is probably reasonable since the two levels
are often within a factor of 3 of each other. However, there are two
factors at variance with the TCEQ mission. 1) The first is that the
AEGL Program is deriving levels that are thresholds for frank toxicity.
At these levels, homeostatic processes have often been totally
overwhelmed. Conversely TCEQ is deriving “safe” levels of
exposure. At “safe” levels homeostasis is generally operating so the
shape of the curve for minor effects tends to flatten out — e.g. the value
of n approaches infinity. The point is that the value of n that is
observed for lethality will not be valid for whatever endpoint used to
derive “safe” levels. Thus, even if a value of n is known for a
chemical, it will be based upon the lethality endpoint and will not be
valid for lesser severity effects. For example, in the AEGL Program
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the AEGL-1 value (threshold for discomfort) is often held constant in
value from 10 minutes to 8 hours of exposure. In this case the value of
n is infinity. For acute effects for minimal toxicity, this is probably a
more valid approach. This will be amplified in the discussion in the
next session. 2) The second point is that even if the value of n is
known, this only exists within a limited duration of exposure. For
example, n for HCI is probably valid in the 10 minute to about 2 hour
range. After about 2 hours, homeostatic processes start to become
relevant and the value of n will increase with increasing duration of
exposure. However, the value of n for phosgene is probably valid in
the 10 minute to 8 or 24 hour range before homeostasis kicks in. Note
that these comments are for frankly toxic effects, not the kind of
effects that TCEQ will be modeling.

ii. To derive n, the document refers to using the ten Berge model. That is
certainly valid. However, there will sometimes only be LC50 data
available. In that case a least squares analysis of the LC50 data is also
reasonable (NRC, 2001, Section 2.7). Keep in mind that this is simply
an empirical approach that is valid only within a chemical specific
time frame.

iii. The discussion about the significance of raising C to the n™ power and
t to the m™ power adds little and could be deleted. In fact all of the
equations discussed can generate the same curve. There is no way to
determine the values and significance of n and m from lethality data.
This was discussed in NRC, 2001 and has been excerpted as follows:
“2.7.5.3 Curve Fitting and Statistical Testing of the Generated Curve
Once the health-effect endpoint and data points describing the
exposure concentration-duration relationship have been selected, the
values are plotted and fit to a mathematical equation from which the
AEGL values are developed. There may be issues regarding the
placement of the exponential function in the equation describing the
concentration-duration relationship (e.g., C" xt =k vs C x t" =k, vs
C* x t¥ = k). It is clear that the exposure concentration-duration
relationship for a given chemical is directly related to its
pharmacokinetic and pharmacodynamic properties. Hence, the use
and proper placement of an exponent or exponents to describe these
properties quantitatively is highly complex and not completely
understood for all materials of concern. The quantitative description
of actual empirical data of the concentration duration relationship can
be expressed by any of a number of linear regression equations. In the
assessment of empirical data reported by ten Berge et al. (1986), these
workers quantified the exposure concentration-duration relationship
by varying the concentration to the nth power. Since raising c or t or
both to a power can be used to define quantitatively the same
relationship or slope of the curve and to be consistent with data and
information presented in the peer-reviewed scientific literature, the
equation Cn x t = k is used for extrapolation. It must be emphasized

Report on a Letter Peer Review of the Texas Commission on Environmental Quality’s (TCEQ)
updates to its Guidelines to Develop Inhalation and Oral Cancer and Non-Cancer Toxicity Factors
39



that the relationship between C and t is an empirical fit of the log
transformed data to a line. No conclusions about specific biologic
mechanisms of action can be drawn from this relationship.”

e Section 3.9.3. The response to this question is same whether a value of n can
be derived or not.

When you have data or validated models that allow you to
quantitatively relate exposure to blood or deposition values as a
measure of time then you should use that relationship.

It is not valid to use a value of n derived for lethal effects for the mild
effects used to derive “safe” values. The biological endpoints and
duration response relationships are different. That being said, one is
left with using a conservative approach.

1. Extrapolation from short to long durations of exposure. For severe

effects the low end of the range of n values is 1 and for effects of
lesser severity the value of n is greater than 1. Therefore the
approach of using an n of 1 when extrapolating from short to long
duration exposures is the most conservative approach to use.
Extrapolation from long to short durations of exposure. The
convention used in Chapter 4 uses an n of 3 when extrapolating
from long to short durations of exposure and n is not known. That
is generally a valid approach for lethal effects. For effects of lesser
severity, the value of n approaches infinity as discussed above.
The extrapolation to shorter durations of exposure using an n of 3
is actually not conservative since n should be higher for minor
effects. When extrapolating to short durations of exposure the
concentration should be held constant to take the most
conservative approach, e.g. n is infinity.

The approach discussed in 1. and 2. above should be used in
general unless you have decent blood/deposition data. Modeling
lesser effects to derive n with ten Berge model is problematic. The
model assumes dichotomous data. However, when modeling
lesser effects, the effect is not simply yes or no. It is really yes of
varying severities and no. The yes responses are actually a
continuum and not dichotomous because they are not identical.
When modeling single exposures, for example 8 or 24 hour levels
from 1 hour exposure values the n value will generally be 1 and
will generally be overly conservative (with the notable exception
of phosgene). Chronic data should also be examined to decide if
the extrapolation is too conservative and the numbers adjusted
accordingly.

At the end, there are approaches that will have to be used as
defaults when data are limited. However, there will never be a
substitute for the exercise of professional judgment. You must
always ask, are the derived values reasonable when the entire body
of knowledge on the chemical is examined?
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Reviewer 11
I don’t believe the adjustment proposed in Section 3.9.3 applies to chronic oral
toxicity values.

Reviewer 12

Yes, especially with regard from longer to shorter durations where extrapolations
even under n=3 curve sharply upwards to higher and higher exposure
concentrations.

Reviewer 15
| agree with the method recommended by TCEQ. However, the 4-page
discussion of Haber’s Law in Section 3.9.1 is excessive.

2.1.10

Is the approach for identifying Inhalation Effect Levels consistent with accepted
risk assessment methodology (Section 3.14).

Reviewer 3
The approach described in section 3.14 for identifying inhalation no adverse
effect levels is appropriate and consistent with current practices.

Reviewer 4
[N/A]

Reviewer 5
The approaches described in 3.14 are consistent with current practice.

Reviewer 6

There is no one standard risk assessment methodology, rather there are many
accepted risk assessment methodologies adapted to each unique relevant scenario.
TCEQ’s selection of risk assessment methodology is well adapted, explained and
appropriate for the applications described. Rating=3. As requested, to quantify
relative strengths and weaknesses, | have used a positive 5 point system for
relative strength (1 is very weak, 2 is weak, 3 is consistent with accepted practice
and documentation, 4 is strong, 5 is very strong).

Reviewer 7

| thought this was an interesting discussion of predicting the central estimate of
the lowest exposure that can be expected to cause an adverse response in humans.
It does not include use of UFs, so is not what is usually done in risk assessment
methodology. It is for informational purposes only (page 95, line 26) and for
comparison with “safe” levels determined with the use of UFs for risk assessment.
The general tone of this section reminds me of when | served on a committee to
advise the Navy on the toxicity of airborne substances on submarines. The
commanders of the submarines were not interested in “safe” levels for a general
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population. They wanted to know when they had to take emergency measures
and surface to vent the air on the submarine. In that case, the population at risk
was somewhat homogenous, i.e., they were healthy young men. But in Section
3.14, the general population is of concern, including among others the elderly, the
young and the highly sensitive. So it is much harder to estimate a practical, “real”
inhalation effects level for such a diverse group. There will be a great deal of
uncertainty associated with such an estimate. There is a good discussion in this
section about those uncertainties. But there is one paragraph (Section 3.14.2) in
which the authors claim that their approach will allow them to predict an
inhalation effects level with “a reasonable degree of certainty” (page 96, line 24).
Using duration adjustments and UFs is said to add uncertainty (page 96, lines 21-
22). This gives a false impression of precision in the calculation of the inhalation
effects levels that is not warranted. The effects level will depend on who is being
exposed. It would be more reasonable to give a range of effects levels,
considering the diverse population of concern. The approach is apparently
intended to give a “central tendency” value, but this should not be confused with
certainty. As long as these calculations are restricted to the DSDs and all the
caveats that are discussed in Section 3.14 are clearly given, then | have no
problem with the exercise. However, it must be made clear that such estimates
have a great deal of uncertainty.

Reviewer 10

Typically this type of assessment is not done except sometimes when incidence
levels are calculated for risk benefit determinations. Thus it is difficult to answer
the question. Is this determination for susceptible populations? If so that should
be stated.

Section 3.14.1 uses the most sensitive species. This may not always be
appropriate. For irritants, the rat is probably the better model than the mouse.
The most appropriate species should be used, not the most susceptible. You are
using an HEC determination that has problems. See my general comment 5 on
dosimetry corrections.

Section 3.14.2. Since you are not using UFs that implies the effects predicted will
occur at lower doses in susceptible individual. If that is what is meant then state
it.

Section 3.14.3. There are a lot of caveats in this section so | am not sure what
will be calculated. One gets the impression that the problems are so great these
values might not be calculated. Consideration might be given to computing the 1
in 10 cancer rate. It would be a novel exercise of predicting cancer rates in the
experimental range. If these calculations are performed TCEQ might consider
staying away from predicting cancer from single exposures. The uncertainties
with lifetime predictions are difficult enough without adding single exposure
estimates.
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Reviewer 12

This section attempts to apply what this reviewer refers to as probabilistic
considerations of PODs (both N/LOAEL and BMD/Cs) and what they may mean
in human populations. Most “accepted” risk assessment methodologies do not
usually provide the reader with this aspect, thus this approach should be
considered not only as acceptable, but an attribute of the guidance.

Reviewer 15
[N/A]

2.2 Specific Issues for Evaluating Mode Of Action (MOA)

2.2.1

TCEQ follows current U.S. EPA cancer guidelines for hazard identification, mode-
of-action analysis and dose-response assessment for developing inhalation URF and
oral SFo values (Chapter 5). Is this appropriate, or would other guidance be more
appropriate? Is TCEQ interpreting and applying the guidance correctly? If not,
what changes to the methods would you suggest?

Reviewer 1

In general, this document follows USEPA cancer guidelines. However, | believe
that the field of Toxicology is undergoing a development that is not captured in
this document. | refer to the 2007 National Research Council (NRC) document
“Toxicity Testing in the 21st Century: A Vision and a Strategy” and some other
documents relating to this issue (NRC, 2007, Models in Environmental
Regulatory Decision Making; NRC, 2007, Applications of Toxicogenomic
Technologies to Predictive Toxicology and Risk Assessment; NRC, 2009,
Science and Decisions; Advancing Risk Assessment, Washington, DC: National
Academies Press). Newer methods of Molecular Biology, bioinformatics, and
computational toxicology based on human biology are going to be much more
informative about MOA in the future. This will involve a broad range of doses
and will focus on perturbations of critical cellular responses. This type of
pathway analysis is a move away from high dose to low dose extrapolation. It
allows one to distinguish between perturbations in pathways that are adaptive
responses and perturbations of pathways leading to morbidity/toxicity.

Using some of these newer approaches will eliminate some of the confusion about
Adverse Effects. | found lines 12-16 on page 58 to be vague and unintelligible.
What is a reserve loss?

Section 3.7.1.4 is also confusing. What is the purpose of distinguishing between
Non-adverse, Less serious, Transitional, and Serious effects? Why aren’t changes
in gene expression or protein levels that are adaptive responses listed under non-
adverse effects? What level of necrosis is less serious? Why does this section not
include a discussion of apoptosis? What is a “Major serum chemistry change”?
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By the way, Sfo does not appear in the Glossary or list of Acronyms and
Abbreviations.

Reviewer 2

Mode of action evaluations are not my area of expertise, but I know of no current
better options for hazard identification, mode-of-action analysis and dose-
response assessment. It appears to me that TCEQ is interpreting the guidance
correctly.

Reviewer 9

The EPA guidance presented is appropriate, but our understanding of the
guidance and how to apply it is further enhanced by the publications and case
studies cited under Question 1, and | would recommend that additional emphasis
be placed on those publications.

Reviewer 14

It is most appropriate that the TCEQ follows current U.S. EPA cancer guidelines
for hazard identification, mode-of-action analysis and dose-response assessment
for developing inhalation URF and oral SFo values. Since SF in toxicological
literature refers to a “Safety Factor”, it would be useful to list SFo in the
Acronyms and Abbreviations as a “Slope Factor”. The TCEQ is using the
U.S.EPA cancer guidelines correctly.

2.2.2

Chapter 3 (Section 3.5) and Chapter 5 (Section 5.7) describe the general process that
TCEQ will follow to conduct an MOA analysis. Is this process complete, accurate,
and consistent with accepted risk assessment practices?

Reviewer 1

Section 3.5 hardly deals with MOA at all. Most of Section 5.7 does not deal with
MOA analysis either. Section 5.7.2 is titled “MOA” but refers to the 2005 Cancer
Guidelines. The criteria needed to call something a Mutagenic Carcinogen is in
Section 5.7.4.1, but it would make more sense to have it earlier.

In general, this discussion follows ideas in USEPA (2007). However, there are
some problems. The definition of McCarroll et al. (2010) of Mutagenicity is not
accepted by many experts (including those who reviewed USEPA, 2007). The
key element of Mutagenicity must be heritability (see USEPA, 2007). As
currently practiced, mutagenicity assays depend on heritability (clones are
counted), but chromosome aberration assays do not. In fact, most chromosome
aberration assays do not measure cytotoxicity properly, and so the aberrations
seen are in dead cells that will never replicate [see discussion in Klein et al.,
Toxicol. Appl. Pharmacol. 222:289-297, 2007]. There are many examples of
agents that cause chromosome aberrations in the absence of mutagenicity.
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Page 156, line 22 lists WOE approach #1 as “Does the carcinogen have genotoxic
and/or mutagenic potential?” This should be changed to “Does the carcinogen
show mutagenic activity at relevant concentration?” (i.e. at concentrations that do
not result in high toxicity). It is NOT enough that an agent is “genotoxic”. This
is much too vague a category. Assays for “genotoxicity” (DNA adducts, strand
breaks, chromosome aberrations, micronuclei, SCE, UDS, etc.) are useful as
Biomarkers of exposure and in hazard identification. They do not predict
mutagenicity, which is the key event in a mutagenic MOA.

Line 35 states “Within the context of these definitions, agents that are mutagenic
are also genotoxic....” This is not necessarily true. An agent can cause mutations
by altering nucleotide pools and by interfering with proteins that are important in
DNA replication, repair, apoptosis, and cell cycle control. For example, if
mismatch repair is blocked either by enzyme inhibition or by effects on gene
expression, a mutator phenotype is produced. Indirect mutagenicity can be
defined as interactions with non-DNA targets leading to mutagenic effects. It is
expected that indirectly mutagenic agents should have a threshold concentration
below which there is no effect, due to the fact that non-DNA targets exist in many
copies in the cell, unlike DNA (Kirsch-Voldars et al., Mutat. Res. 540:153-163,
2003). In the European Union, considerations of indirect genotoxic mechanisms
have led to new appreciation of thresholds in risk assessment (Pratt and Baron,
Toxicol. Lett. 140-141:53-62, 2003).

Page 157 continues based on these errors, and should be rewritten or deleted.
Table 5-3 is incorrect in a number of instances. Aneuploidy is rarely evaluated in
gene mutation assays, and usually does not result from DNA damage. It also
usually has thresholds (see Elhajouji et al. Mutagenesis 26(1), 199-204, 2011).
Neither are chromosome aberrations assessed in mutagenesis assays. It is
sometimes assumed that so-called “small colonies” in the MLA assay are due to
chromosome aberrations, but this is not usually proven. Many chromosome
aberrations are lethal. In any case, as mentioned above, this type of assay is not
based on heritability. The Comet assay also detects alkali-labile sites if run under
alkaline conditions. Other endpoints of interest for a MOA include gene
amplification and epigenetic effects (which are often mistaken for mutagenesis).

Reviewer 2

The general process for applying MOA analysis appears to be accurate and
consistent with accepted risk assessment practices. | would recommend that
TCEQ consider the ideas in Moore et al. (2008: Analysis of in vivo mutation data
can inform cancer risk assessment. Regulatory Toxicology and Pharmacology
51:151) and Allen et al. (2005: Dose-response modeling of in vivo genotoxicity
data for use in risk assessment: some approaches illustrated by an analysis of
acrylamide. Reg. Tox. Pharm. 41:6-27) as an approach for more completely
evaluating the consistency of purported genotoxic responses with the endpoints of
ultimate regulatory concern (health-related adverse effects). Such approaches
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may have merit for deciding whether mutagenic or genotoxic insults are
responsible for the health effects of concern and whether they should be regulated
on the basis of a linear low-dose extrapolation.

Reviewer 9

Section 3.5 gives a nice discussion of how MOA is applied for multiple decisions
in risk assessment. It would be useful to more directly tie the analytical thinking
in evaluating MOA to the modified Hill criteria, and explain either here or
elsewhere in particular the importance of dose-response and temporal
comparisons between the key events and the apical endpoint. (This is important
because the thinking is a bit different from the simple application of these ideas
for evaluation of causality — the key point here is to compare the key event data
with those for the apical endpoint). In addition, reference to case studies (e.g., the
Meek et al., 2003 reference cited above [under charge question 1]) is useful for
illustrating how the concepts are applied. It may also be useful to cite work of
Rhomberg regarding identifying “high-stakes” hypotheses resulting from the
hypothesized MOA and using that to test the MOA hypothesis. (He uses a
different term that I can’t recall, but the idea is developing hypotheses that are not
easy to meet, and that rigorously test the MOA..)

Reviewer 14

Section 3.5 is very brief and inadequate. It needs to be stated that an MOA
analysis will be discussed in detail in Section 5.7. Section 5.7 provides an
excellent discussion of the TCEQ MOA process that is complete, accurate, and
consistent with accepted risk assessment practices.

2.2.3

Are the definitions of genotoxicity and mutagenicity used in the guidelines and
adopted from McCarroll et al. (2010) appropriate in the context of discussing a
mutagenic MOA evaluation? Are all major and relevant considerations (or key
steps) included and put into appropriate context in weight of evidence approach for
chemical carcinogenicity via mutagenic MOA? If possible, please help identify
endpoints already included in the guidelines as genotoxic or mutagenic and provide
other relevant input.

Reviewer 1
| already wrote my comments on McCarroll et al. [under charge question 2.3.2].

The important considerations for WOE (p. 158) are well stated.

There is no discussion about whether it is always justified to assume that
mutagenic carcinogens never have thresholds. Section 5.7.3.3 gives a few
examples of carcinogens that have thresholds because a key event is cytotoxicity.
As discussed above, indirect mutagenicity is expected to have a threshold
concentration below which there is no effect, due to the fact that non-DNA targets
exist in many copies in the cell, unlike DNA (Kirsch-Voldars et al, 2003a). It is
also the case that some directly mutagenic agents have a threshold for
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2.2.4

clastogenesis (reviewed in Elhajouji et al. Mutagenesis 26(1), 199-204, 2011).
Some DNA repair mechanisms are robust at low concentrations, and become
saturated as the concentration increases. This leads to a threshold (e.g. for
alkylating agents that form O°® methylguanine adducts (see discussion in Slikker et
al., TAAP 201:203-225, 2004; and review by Jenkins et al., Toxicology 278:305-
310, 2010). Data is appearing showing thresholds for tumorigenesis of mutagenic
agents (e.g. dibenzo[a,l]pyrene in trout, Bailey et al., Chem Res Toxicol.
22:1264-1276, 2009).

Reviewer 2

The definitions used by TCEQ are adequate for the purposes of the TCEQ
guidelines. It appears that all the relevant key steps and major considerations are
considered for the weight of evidence approach. See comment above about
considering methods of Allen et al. and Moore et al. [under charge question 2.3.2]
as they pertain to the weight of evidence for chemical carcinogenicity (i.e.,
relevance of genotoxic or mutagenic responses to the ultimate caner response).

Reviewer 9
The definitions are appropriate, and the key steps are included.

Reviewer 14

Section 5.7.4.1 provides an excellent discussion of the definitions of genotoxicity
and mutagenicity that are appropriate for a mutagenic MOA evaluation. The
major and relevant considerations are included and put into an appropriate context
in a weight of evidence approach for chemical carcinogenicity via a mutagenic
MOA.

Please comment on any issues relate to mode of action analysis that have not already
been addressed.

Reviewer 1

Chemicals can work in a variety of ways that could lead to cancer. For example,
take benzo(a)pyrene (BaP), a model compound that is metabolized to genotoxic
intermediate(s). Recently, it was reported that challenge of HeLa cells with BaP
activates Long Interspersed Nuclear Element-1 (LINE-1), a mobile element
within the mammalian genome. This is accomplished epigenetically (Teneng et
al., Epigenetics 6:335-367, 2011). Mobilization of LINE elements is one
mechanism for genetic rearrangements, a potential MOA.

Another example: The carcinogen inorganic arsenic has numerous possible
MOA:s, is not significantly mutagenic, and yet is treated as a mutagenic
carcinogen (Klein et al., Toxicol. Appl. Pharmacol. 222:289-297, 2007).
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Reviewer 2

Although not part of one of the charge questions, | feel the need to comment on
one aspect of the discussion in Chapter 3 concerning the determination of
adversity (P. 55 ff., Section 3.7.1). There are several comments and implications
in this discussion that appear to be inappropriate or incorrect.

For example, lines 13-14 of P. 55 seem to imply that adaptive or incidental
changes are ones that occur “merely by chance” and be unrelated to
exposure. However, some adaptive or incidental changes are related to
exposure; it is the fact that one somehow (more appropriately) determined
that they are not adverse that allows an assessor to “ignore” such
endpoints even though they do demonstrate a dose-related behavior.
Conversely, effects that truly are adverse can occur “merely by chance;” in
fact, many adverse effects may occur merely by chance after exposure to a
toxicant when the effect of that toxicant is unrelated to that endpoint (i.e.,
it is affecting other systems or organs). It is one of the tasks of a risk
assessment to separate out the truly adverse effects that are related to the
exposure in question from those that are not related to exposure.

The consideration of statistical significance of dose-related changes in
relation to the determination of adversity (bottom of P. 55, top of P. 56) is
misplaced. Adversity should be able to be decided on a chemical-
independent basis; the chemical-specific decisions are related to the
magnitude or level of the change in the adverse effects, e.g., estimation of
a BMD or some similar value, as a function of the exposure level. It is not
the case that EPA has “provided guidance ... to determine whether the
benchmark response and corresponding 95% confidence level of the
benchmark dose is adverse or not” (P. 56. lines 16-18). The BMR
defaults recommended by EPA say nothing about adversity; in fact, they
assume that the endpoints for which BMDs are derived are relevant for a
risk assessment (including considerations of adversity) and have been
chosen based on expectation about what levels of response are generally
consistent with responses close to the observable range and which can be
used for PODs with some comfort that derived RfDs (or a similar
estimate) that are going to be safe enough.

The adversity question should be evaluated separately. Figure 3-4 is, in a
sense, upside down: first rule out those effects that are not adverse, then
for those that are, determine if they demonstrate a dose-related behavior.
If some endpoint does not show a dose-related change, then it is not
correct to say that that endpoint is not adverse, only that it is not an effect
that is induced by the chemical in question.

The use of statistical significance (at the 0.05 level or any other level) is
not appropriate for determining adversity (as in the bullet lists under
Section 3.7.1.4.1). It is well known that sample size affects statistical
significance even if the magnitude of the difference between treated and
control groups does not change. Moreover, the reference to the BMDL
being comparable to a NOAEL (P. 59, | 28-29) has no place in this list of
criteria for determining severity. this bullet item is merely a restatement
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of one objectives that BMD(L) estimation was designed to satisfy, i.e.,
that it provide a more robust, consistent and stable estimate that could

replace the problematic NOAELS that used to be relied upon for POD

determination.

e Related to the above comments about the BMD and BMR, the “definition”
in Table 3-3 for the BMR is not correct. The BMR is not an adverse
effect; it is a specific (user-selected) level of change in an effect (probably
an adverse effect) that has some specific characteristics (e.g., represents a
10% increase in risk, or a change of 1 standard deviation, etc.). Moreover,
the reference in that table to a change in the range of 5 to 10% is
unnecessarily restrictive and inappropriate for some types of response
measures (e.g., continuous endpoints).

e The discussion at the end of section 3.7.2 (P. 63, | 12 ff.) is consistent with
my comments above, i.e., that statistical significance is not an appropriate
criterion for judging adversity. More importantly for the guidance
document, those comments quoted from Lewis et al. (2002) are not
consistent with what was written earlier in the guidance, i.e., those items
that | have commented on above.

e And finally, do not make the claim that BMD model can identify a
threshold (as is done on P. 63, | 33-34). The real advantages of the BMD
approach over the NOAEL approach are sufficient to support its use, as
TCEQ correctly does. [By the way, the percentiles given on P. 66, | 7
cannot be correct: the normal distribution is symmetric, so it probably
should be “below the 5" percentile or above the 95" percentile.”]

Reviewer 9

P. 161: Cell proliferation is a key event (and one that is occurs in any
carcinogenic process), not a MOA. While the term may have been used that way
by Swenberg et al., it is better not to perpetuate the terminology.

The approach for comparing dose-response and temporal relationships between
mutagenic events in the target tissue and a tumor was addressed in concept by
Moore et al. 2008:

e Moore, M.M., R.H. Heflich, L.T. Haber, B.C. Allen, A.M. Shipp, R.L.
Kodell. 2008. Analysis of in vivo mutation data can inform cancer risk
assessment. Reg. Toxicol. Pharmacol. 51(2):151-61.

It may be useful to supplement the equations on P. 163 with text explaining the
concept — that the ADAF is applied for only a relatively small portion of the
lifetime. Thus, the impact of the ADAF on the risk estimate is a change of only
60%, even though the adjustment for early years is a factor of 10.

Reviewer 14
None.
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2.3 Specific Issues for Hazard Characterization and Exposure-
Response Assessment Using Epidemiology Data

2.3.1

The major topics covered in Chapter 7 are listed below. Are there additional
important topics that should have been discussed in these guidelines? Should any of
these topics have been covered in more depth (keeping in mind that the Guidelines
mainly present summary information with references to key documents that contain
additional information)?

7.4 Endpoint Selection

7.5 Exposure Characterization

7.6 Exposure Metric

7.7 Dose-Response Models

7.8 Quantitative Cancer Exposure-Response Characterizations

7.9 Excess Risk Calculations for the General Population

7.10 Determination of URFs and SFo Values from Dose-Response Modeling

7.11 Meta-Analyses

7.12 Reality Checks

7.13 Uncertainty Analysis

Reviewer 1

7.4 Endpoint Selection: Why is MOA discussed here? Epidemiologists use
disease mortality or incidence. | see no other examples here. MOA would come
into play only if one believes that an endpoint other than disease (but key to it)
could be used as a surrogate. Is that what is being proposed here? If so, you need
a lot more discussion with many examples and justifications.

7.5 Exposure Characterization: | have no problem with this.

7.6 Exposure Metric: | have no problem with this, except that | would expand on
the subject of exposure metric relevance (p. 17, lines 12-14.).

7.7 Dose-Response Models: This section is out of date with regard to thresholds,
as | discussed concerning the previous Chapters. Section 7.7.1, line 7:
“genotoxic” should be replaced by “mutagenic”. I do not understand the point
about “those acting at a site where cancers occur spontaneously”. Why does this
make it biologically plausible to use a linear model? | assume this means linear
but with a positive Y intercept. | also do not understand the statement #3 (line
12). Suppose more than 1 model fits the data? How do you choose? Philosophy?

7.8 Quantitative Cancer Exposure-Response Characterizations: OK assuming
linear D/R

7.9 Excess Risk Calculations for the General Population: I have no problem with
this.
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7.10 Determination of URFs and SFo Values from Dose-Response Modeling: For
linearity, this is reasonable. Section 7.10.2 deals with non-linear Models. More
needs to be said about MOA and determining whether response is really linear.

7.11 Meta-Analyses: | have no problem with this, assuming a linear D/R.
However, looking at Appendix B, where this assumption was made, it seems to
have been made in contradiction to the data. Figure B.4 (Lubin et al. data)
appears to have a threshold up to about 6000 pg.m>-years. Figure B.6 (the Jones
et al. data) shows a clear threshold up to at least 400 pg.m>-years. It is not
possible to see the lower doses from the other studies. Do th