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GENERAL

These guidelines are designed to assist authors and chemical managers with preparing
toxicological profiles for the Agency for Toxic Substances and Disease Registry (ATSDR). A
list of abbreviations and acronyms used throughout this guidance document appears in

Attachment B.

PURPOSE AND SCOPE OF THE ATSDR TOXICOLOGICAL PROFILES

The toxicological profiles are summaries of ATSDR's evaluations concerning whether and at
what levels of exposure adverse health effects occur and levels at which no adverse effects
occur. The profiles include information about exposure and environmental fate that may help
readers determine the significance of levels found in the environment. The primary users of
these documents are expected to be the informed public and health professionals who need
succinct interpretations of toxicological data for such purposes as responding to telephone

inquiries from the public and assessing a specific problem at a Superfund site, among others.

Toxicological profiles provide interpretations of data, which distinguishes them from ordinary
reviews. Interpretations are useful for those health professionals who may not have the

resources to gather and consider all the toxicological data themselves.

Interpreting data often requires judgment and implicit assumptions that are more a matter of
policy than objective science. Specifically, the profiles incorporate ATSDR's evaluations of the
validity of particular studies and the inferences that can be made from them. To this end, the
profiles do not provide all the information necessary to support these evaluations; presenting
data in sufficient detail to allow users to weigh all the evidence themselves is incompatible with
the concept of a "profile." Nor do the profiles present detail on selected studies (except as noted
in this document), because the absence of a discussion of other studies would not allow users to

form independent judgments of the meaning of the data.

QUALITY CRITERIA FOR ANIMAL AND HUMAN STUDIES
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ATSDR has adopted the National Research Council's (NRC's) "Guidelines for Assessing the
Quality of Individual Studies," which appear in TOXICITY TESTING: Strategies To Determine
Needs and Priorities, published by NRC in 1984. ATSDR agrees with the NRC that judging the
quality of past and future studies solely by today's standards is inappropriate. The NRC
considers a report of scientific findings adequate for use in health hazard assessment if the report

meets the following basic criteria (refer to Attachment C).

e  All elements of exposure are clearly described.

e  Results in test subjects are predictive of human response, and test subjects are
sensitive to the effects of the substance.

e  Controls are comparable with test subjects in all respects except the treatment
variable.

e  End points answer the specific questions addressed in the study, and observed effects
are sufficient in number or degree to establish a dose-response relationship that can be used
in estimating the hazard to the target species.

e  Both the design and the interpretation of the study allow for appropriate statistical

analysis of the data.

Where appropriate, these criteria should be applied to judgments on the quality of data from
epidemiological investigations and other scientific studies of relevance to ATSDR's

toxicological profiles.

The reliability of epidemiological data in hazard identification is increased when results are

obtained from studies that have the following characteristics (refer to Attachment D).

e  Are derived from well-designed and well-executed case control or cohort studies that
are free from bias.

e  Display a strong association unlikely to be due to chance variation.
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e  Follow a logical, temporal sequence of exposure-response.

e  Have been replicated in a variety of settings.

e  Exhibit a dose-response relationship, using valid estimates of exposure and dose.
e  Are toxicologically plausible.

e  Where possible, include an examination of causality.

In addition, ATSDR recognizes the following desirable factors of studies or reports of scientific

findings as set forth in the NRC guidelines:

e  Subjective elements should be minimized.

e  Peer review of scientific papers and of reports is desirable. Note: The Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA) mandates the peer
review of toxicologic testing results that ATSDR uses.

e  Results reported have increased credibility if they are supported by findings from
other investigations.

e  Similarity of results to those of tests conducted on structurally related compounds
increases scientific confidence.

e  Evidence of adherence to good laboratory practices improves confidence in results.
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GENERAL GUIDANCE FOR PREPARING A TOXICOLOGICAL PROFILE

When preparing a toxicological profile, avoid describing studies, with two exceptions.

e A brief description is required of the studies that provide no-observed-adverse-effect
levels (NOAELs) and lowest-observed-adverse-effect levels (LOAELSs) for each effect
included in a level of significant exposure (LSE) table.

e Ifa conclusion is uncertain or controversial, a brief description of the studies that are
the basis for the uncertainty may be included. Description should be limited to those

factors that are necessary to summarize the issue; do not include all the details of the study.

Consider all data when making conclusions. Support all conclusions with references to
original literature, not reviews. Refer to an abstract only if the original paper is not
obtainable. Current abstracts should be discussed in the **Ongoing Studies’* sections of
Chapters 3, 6, and 7. Older abstracts should be disregarded if not followed up in the

literature.

Refuting studies that contradict conclusions made in the profile is unnecessary. Such studies
should, however, be acknowledged in the text and listed in the reference list. This will aid
readers who have the resources and inclination to investigate the subject in greater depth, while
not distracting the primary audience for which the profile is written. You may choose to present
a succinct justification of your conclusion if it differs from what appears at first glance to be the

overwhelming weight of evidence, but this option should be exercised rarely.

An individual designated by the contractor works with the designated ATSDR representative to
obtain epidemiological studies, health surveys, and current chemical regulations and guidelines

from state health departments.

An individual designated by the contractor works with the designated ATSDR representative to
obtain information on U.S. Environmental Protection Agency (EPA) sponsored research using a

list of EPA employees/contractors and their respective chemical-specific research (to be
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provided by ATSDR/EPA). This information is compiled during a telephone survey and is used
in the preparation of Chapters 3 and 8.

A general outline for the profiles is provided in Exhibit 1. Note the following:

The following bullets have been amended from the original:

e  The outline presented in Exhibit 1 lists the topics that should be included in every
toxicological profile. It follows the organization of the table of contents for toxicological
profiles but does not match the Table of Contents exactly. Specifically, the outline contains
some subheadings that do not appear in the Table of Contents.

° The phrase "ATSDR boilerplate" denotes a heading or text that must be included in
every toxicological profile, even if information on the topic does not exist. (In that case,
the boilerplate headings or text should be followed by a statement indicating that
information on the topic does not exist.) All such required material is provided in this
guidance document and the attached exhibits, and in the WordPerfect templates that have
been created to facilitate development of the profiles (see the editorial guidelines that
follow). Boilerplate material is presented in a bold type to distinguish it from guidance
information.

e  The term "DUMMY" denotes a heading that can be included in a toxicological profile
if information on the topic exists. If the information can be incorporated into an already
existing section of the document, it should be. If the information does not readily fit into an
existing section, then the dummy heading can be added to accommodate the information.

As noted above, this guidance document contains both guidance information and boilerplate
material. Although some section titles in this document match the boilerplate titles used in
toxicological profiles, others do notCeither because they address more than one profile

subsection or because they represent more general guidance.
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FRONT MATTER

The front matter of the profile contains, in order, the following:

-Title Page (Exhibits 3 and 4)

-Disclaimer (Exhibit 5)

-Update Statement (Exhibit 5a)

-Foreword (Exhibit 6)

-Quick Reference for Health Care Providers (Exhibit 5b)
-Contributors (Exhibit 6a)

-Peer Review (Exhibit 6b)

-Contents (Exhibit 7)

-List of Figures (Exhibit 8)

-List of Tables (Exhibit 9)
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CHAPTER 1. PUBLIC HEALTH STATEMENT

Chapter 1 of the toxicological profile, if removed from the rest of the document, should still
communicate to the lay public essential information about the substance. This chapter is
intended to be a health effects summary written in layperson's, with the audience being the
general public, especially people living in the vicinity of a hazardous waste site or substance
release. Technical terminology should be avoided. Definitions of all common scientific,
toxicologic, medical, and epidemiologic terms should be provided in the text. Statements should
include references during the development stage but they should be deleted from the camera-

ready final.

The Public Health Statement (PHS) should be written at the reading level of a daily newspaper,
avoiding technical terms in Attachment E of this guidance document. If technical terms are
used, they should be defined in the text. Whenever appropriate, the PHS should be written in the
second person and in the active voice. Aim for a readability level in the "good" range (8th to
10th grade) from the Right Writer printout. Note: The name of the substance, synonyms, and
trade names (presented in Section 1.1) should be added to the Right Writer dictionary before

running the program.

The tone of this chapter should be factual rather than judgmental. Terms and units should be
used consistently throughout this chapter. Where possible, use parts per million (ppm). Define

units the first time they are used, e.g., one part of [substance x] in a million parts of water (ppm).

The following units of measure can be used when reporting environmental data, when describing

reliable human health data, or when providing recommended exposure limits:

Gas or vapor: ppm

Particulate: ~ mg/m’
Food: ppm
Water: ppm
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Other units of measure can be used if justifiable. Select units of measure that permit the use of

whole numbers.

Major headings for this chapter are in question format. The answer to each question should
include a sentence directing the reader to chapters in the profile that provide more information

on the given topic.

The following "boilerplate" language provided by ATSDR is to precede Section 1.1. Although
this boilerplate will be sufficient for most profiles that discuss a single substance, it may require
some modification for profiles covering more than one form, compound, or radionuclide. In
addition, if more than one map is presented in Chapter 6, the boilerplate will also require

modification.

This public health statement tells you about [substance x] and the effects of exposure.
The Environmental Protection Agency (EPA) identifies the most serious hazardous
waste sites in federal cleanup activities. [Substance x] has been found in at least
[number of sites] of the 1,613 current or former NPL sites. However, the total
number of NPL sites evaluated for [this, these] [substance, substances] is not known.
As more sites are evaluated, the sites at which [substance x] is found may increase.
This information is important because exposure to [this, these] [substance, substances]|

may harm you and because these sites may be sources of exposure.

When a substance is released from a large area, such as an industrial plant, or from a
container, such as a drum or bottle, it enters the environment. This release does not
always lead to exposure. You are exposed to a substance only when you come in
contact with it. You may be exposed by breathing, eating, or drinking the substance

or by skin contact.

If you are exposed to [substance x], many factors determine whether you'll be harmed.

These factors include the dose (how much), the duration (how long), and how you
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come in contact with it. You must also consider the other chemicals you're exposed to

and your age, sex, diet, family traits, lifestyle, and state of health.

Within each section of the PHS, information should be presented in an order that is clear,
concise, and logical. The guidance provides examples of specific material that should be
considered and discussed (if relevant) in each section. The discussion need not be limited to the

material requested.
1.1 WHAT IS [SUBSTANCE X]?

Introduce common synonyms and trade names for [substance x]. If the profile covers more than
one substance (e.g., DDT, DDE, DDD), discuss the different forms using lay terms. For profiles
in which the title covers more than one substance but only selected substances are discussed, it
should be clear to the reader which forms are discussed and why others are excluded. Discuss
which forms are most likely to be found in the environment, especially near hazardous waste
sites. Example: "Pure arsenic is a gray, metal-like material, but this form is not common in the
environment. Rather, arsenic is usually found . . . ." Provide a physical description (e.g., color,
physical state, volatility, flammability) of the chemical. Chemical reactivity should be included
for substances that have high reactivities with water, air, or other common substances. Again,

the discussion should emphasize the forms that are commonly found in the environment.

Describe how the substance smells and/or tastes. Distinguish between differences in perception
of odor and taste at low concentrations and high concentrations. If a substance is without a
characteristic odor or taste, state this. The odor and taste threshold should be included here and
the units defined, e.g., "Most people begin to smell benzene in air at 2 to 5 parts benzene per
million parts of air (ppm). Most people begin to taste benzene in water at 1 to 5 ppm." What are
the major natural and man-made sources of the substance? Does it occur naturally? If so,
where, when, or from what? Is the substance manufactured or mined? If so, from what?
Indicate if the substance has a high production volume, e.g., "Benzene ranks in the top 20 in
production volumes for substances produced in the United States." If the substance is no longer

produced, state when production was terminated. If the substance is a contaminant and not
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intentionally produced, identify the conditions under which it forms (both natural and
anthropogenic) and the substances in which it is found. Identify the common uses of the
chemical. Is it a final product, an intermediate, or is it formulated into something else (e.g., a
pesticide)? For high production substances, it is important to indicate whether most of the
substance produced is used to make other substances. Example: "Most of the vinyl chloride
produced in the United States is used to make polyvinyl chloride (PVC). PVC is used to make a
variety of plastic products, including . . . ." If the substance is no longer used, provide
information regarding its previous uses. Refer the reader to the Chapters 4 and 5, where further

information can be found.

1.2 WHAT HAPPENS TO [SUBSTANCE X] WHEN IT ENTERS THE
ENVIRONMENT?

Describe the ways in which the substance can enter the environment. (Do not discuss exposure
here.) Include atmospheric emissions, discharge into waterways, accidental spills, and leaks
from storage and waste sites. Discuss factors that determine the fate of a substance once it is
released into the environment. These factors should include physical-chemical properties (e.g.,
solubility, volatility, and sorption). How does it move once it enters the environment? How
quickly and easily can it move through soil (e.g., does the substance bind tightly to soil or does it
move freely through soil)? Where relevant, indicate that movement in soil depends on the type

and condition of the soil and other environmental factors.

Discuss how long the substance persists in different environmental media (e.g., days, weeks,
years). Do transformation and degradation occur? Are any of the degradation products toxic? If
so, do they pose a threat to humans? When presenting information on persistence of a substance
in environmental media such as water or soil, use field studies or other relevant studies. Be
aware that the information from laboratory studies conducted under ideal conditions (e.g., select
microbial population, elevated temperature) may misrepresent actual persistence. What is the
substance's potential for bioaccumulation and biomagnification in aquatic and terrestrial biota?

Refer the reader to Chapters 5 and 6, where further information can be found.
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1.3 HOW MIGHT I BE EXPOSED TO [SUBSTANCE X]?

This section should be consistent with information in Chapter 2 (Relevance to Public Health) and
Chapter 6. Discuss potential sources of exposure, including common and uncommon sources
(e.g., breast milk, soil). Provide some perspective, when possible, on the likelihood of exposure
resulting from different sources of contamination. Indicate which human exposure pathways are
expected to be the most significant at Superfund sites. Discuss the most probable routes of
exposure for the general population, people living around waste sites and/or manufacturing,
processing, or storage facilities, and people who work with or around [substance x]. Statements
like "Most people are exposed to very low levels of [substance x]," if indeed true, can be
included to indicate the extent of exposure to the general population. These general statements
should be elaborated on by explaining why this is the case and how exposure occurs. Discuss

how and by what means exposure to higher concentrations may occur.

For volatile organic compounds (VOCs), assess the importance of inhalation and dermal
exposure from contaminated potable water. Example: "Leakage from underground gasoline
storage tanks or from landfills and hazardous waste sites containing benzene can result in
benzene contamination of well water. People with benzene-contaminated tap water can be
exposed from drinking the water or eating foods prepared with the water. In addition, exposure
can result from breathing in benzene while showering, bathing, or cooking with contaminated

water."

Include background levels in different environmental media, e.g., groundwater, surface water,
soil, air (indoor and outdoor), and food. When presenting data, use averages or ranges; avoid
using median values. State the frequency of occurrence of [substance x] in different
environmental media, e.g., [substance x] was detected in 5% of the wells that were monitored. If
no data exist, state that. When known, provide an estimate or range of typical daily human
intake of [substance x] from these sources. Do not report levels from NPL sites and highly
contaminated areas as background levels, since these are often from isolated samples and may

not be representative of levels to which humans are exposed.
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What are occupational sources of exposure? Where extensive information exists, tables or
bullets can be used to list occupational sources of exposure, occupations that may involve
exposure, and/or situations in which people might be exposed to higher-than-normal levels of the
substance. Include the number of people estimated to be exposed to [substance x] in
occupational settings (see Section 6.5 of guidance). In some cases, not all occupations (and
hence workers) are covered in the survey; in these cases, indicate other occupations that involve
exposure but are not included in the estimated numbers. Refer the reader to Chapter 6, where

further information can be found.
1.4 HOW CAN [SUBSTANCE X] ENTER AND LEAVE MY BODY?

Explain the three major routes of uptake (ingestion, inhalation, and dermal exposure), the
relative rate and extent (e.g., "rapidly and completely") of uptake by each route, and the major
factors that affect uptake (e.g., duration of exposure, level of exposure). Describe what happens
to the substance after absorption. Is it metabolized to less harmful or more harmful products? If
the compound is stored in the body for a long period, identify the major organs/tissues involved
in storage. Discuss briefly how the substance is eliminated by the body; include excretion routes
(e.g., urine, feces, breath) as well as relative time frames (e.g., quickly, slowly, hours, days).

Refer the reader to Chapter 3 for further discussion.
1.5 HOW CAN [SUBSTANCE X] AFFECT MY HEALTH?
Insert the following boilerplate before the animal health effects discussion.

To protect the public from the harmful effects of toxic chemicals and to find ways to

treat people who have been harmed, scientists use many tests.

One way to see if a chemical will hurt people is to learn how the chemical is absorbed,
used, and released by the body; for some chemicals, animal testing may be necessary.
Animal testing may also be used to identify health effects such as cancer or birth

defects. Without laboratory animals, scientists would lose a basic method to get
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information needed to make wise decisions to protect public health. Scientists have
the responsibility to treat research animals with care and compassion. Laws today
protect the welfare of research animals, and scientists must comply with strict animal

care guidelines.

The discussion in this section should give the lay reader an understanding of the essential exposure-duration-
effect relationships that have been developed in the profile. Significant non-lethal effects at low and high doses
should be represented if the data permit. The exposure-effect relationship discussed in the boilerplate to the
PHS can be reemphasized here. When discussing health effects, state the medical terms, and define them in the
text. Organize data by routes of exposure, and introduce data in order (i.e., inhalation, then oral, then dermal;
acute exposure, then chronic exposure). Discuss human data before animal data. Distinguish between health
effects associated with brief exposures and health effects associated with long-term exposures. Information
from case studies, accidental poisonings, occupational and epidemiological studies, industrial accidents, and
other data sources can be used when discussing health effects. Give a general description of all health effects.
Actual levels or ranges and durations of human exposure should be used when the data are believed to be

reliable.

Be careful of the wording when describing adverse health effects or presenting data; do not give
the impression that everyone exposed experienced adverse health effects. Data can be presented

nn

by using descriptive ratios or general terms like "some," "few," "most," or "all." If sufficient
human data exist to allow for a discussion of effects for a specific route and duration of
exposure, do not present animal data. Any limitations to the human studies should be discussed.
Where human data are lacking and health effects are unknown, this should be stated. Animal
data can be used to support weak human data and in situations where human data do not exist.
Include the species in which the effects were observed. Use qualitative terms when describing
levels and durations of exposure from animal studies, and be consistent when using these terms.
Distinguish between effects that have been observed in humans and those that have been

observed only in animals. Where relevant, include statements of "effect not known" if there is

no information.
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The discussion of health effects should identify the major health effects of [substance x] (e.g.,
immunological, neurological, reproductive, major organ impairment). Report if the substance is
known or not known to cause birth defects and/or reproductive effects (infertility) in humans or
animals. Information should be provided where differences in the effects of the substance on
males and females are well documented. Include exposures in the text that are associated with
effects other than health (e.g., odor or taste threshold can be mentioned again). Have health
effects been reported for humans exposed at levels close to the odor or taste threshold? If the
data in Chapter 3 clearly show that certain individuals or populations are more susceptible to the
adverse effects of the substance, this information should be provided. If relevant, information on
hypersensitivity and allergic reactions should be discussed. When describing human health
effects at specific levels, refer readers to Sections 1.3 and 6.4 for information on typical ambient
levels. Consider whether these ambient levels are relevant to effect levels, and, if so, state this
relevance to the general population and to populations exposed to higher levels. Example:
"Most of the data on long-term exposure to benzene are from studies of workers employed in
industries that make or use benzene. These workers were exposed to levels of benzene in air far
greater than the levels normally encountered by the general population. Current levels of
benzene in workplace air are much lower than in the past. Because of this reduction, far fewer

workers have symptoms from benzene exposure."

If the substance has beneficial effects or is an essential or a normal constituent of human
biochemical processes, this should be discussed. If the substance is essential, the recommended
dietary allowance should be provided. Where relevant, distinguish between different forms of

the compound associated with beneficial and adverse health effects.

Discuss the carcinogenic effects of the substance descriptively. If epidemiological or case
studies show a strong link between exposure and cancer in humans, these studies should be
discussed. Again, the text should be worded to indicate that exposure may increase the risk of an
individual developing cancer and not that exposure is equated with cancer for all those exposed.
Do not discuss cancer potency. Include the duration and levels of exposure, if known.
Carcinogenic effects in animals should also be discussed including the organ systems affected.

When discussing cancer effects in animals, qualitatively discuss the duration and levels of
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exposure. If no human data exist, state so. If the data are not accepted by the National

Toxicology Program (NTP), IARC, or EPA as showing a causal relationship, discuss the

limitations.

If the substance has not been classified by the Department of Health and Human Services

(DHHS), NTP, IARC, or EPA, state that the substance has not been classified for carcinogenic

effects.

The discussion on cancer should be followed by the appropriate boilerplate statement for the

carcinogenic classification of [substance x] as shown in the table below.

Order of agencies is:

1. DHHS (NTP)

2. IARC
3. EPA
Use the following wording, as appropriate:
Organization
classification Agency/Beginning of sentence End of sentence
(N/A) For DHHS (NTP) use: ... is a known carcinogen
The Department of Health
and Human Services has
determined that [substance . .. may reasonably be
(N/A) X]... anticipated to be a carcinogen.
1 For IARC use: ... is carcinogenic to humans.
. ... is probably carcinogenic to
2a The International Agency humans.
for Research on Cancer ] : : ]
has determined that . .. Is possibly carcinogenic to
Zb [substance x] . .. humans.
. . . is not classifiable as to its
3 carcinogenicity to humans.
. . . is probably not carcinogenic
4 to humans.
A For EPA use: ... is a human carcinogen.
B1 or B2 ... is a probable human
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The Environmental carcinogen.

Protect.lon Agency has . ..is a possible human
C determined that [substance carcinogen.

X]...

! . . . is not classifiable as to its
D human carcinogenicity.
... has no evidence of

E carcinogenicity for humans.

1.6 HOW CAN [SUBSTANCE X] AFFECT CHILDREN?
Insert the following boilerplate before the child health effects discussion.

This section discusses potential health effects from exposures during the period from
conception to maturity at 18 years of age in humans.

Within each topic designated by a bullet, conclusions of human studies should be discussed
before those of animal studies. Topics marked by a closed bullet (®) must be discussed, if only
to say that no information is available. Issues marked by a open bullet (©) should not be
discussed if there is no relevant information.

This section, like all of chapter 1, should be written by scientists drawing on the remainder of the
profile as a source of information, with assistance from risk communicators and editors in
making the material accessible to the lay public. This section is not to be written with other risk
communication information [such as fact sheets from other state and federal agencies] as the
primary source, although the authors should be familiar with other sources of risk
communication information about [Chemical X]. If the chapter 1 authors find information in
other risk communication sources that they think should be included in chapter 1, but is not in
any of the other chapters of the Toxicological Profile, they should discuss the matter with the
principal author and authors of the appropriate chapters and the Chemical Manager to see if
additional information and references need to be added to the body of the profile. All
statements made in this section are to be backed up by scientific data and references in the
body of the profile. Please collaborate closely with ATSDR in developing this section.

This section should be a summary of the issues discussed in 3.7 Children’s Susceptibility and
6.6 Exposures of Children. Special issues concerning extrapolation from animals to humans
may need to be explained. Discuss the following issues and, when necessary for clarity, define
the specific stages of growth and development to which the statements apply. Exposure issues
should be discussed before health effects. These issues should be discussed:

e  Are children exposed or likely to be exposed to [Chemical X]? How?

e  Are unique exposure pathways for children known? Examples include soil and paint pica
and hand-to-mouth activity.
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Are the parents’ work clothes likely to be a source of exposure to children? This topic
should only be mentioned if 6.6 contains specific evidence about documented take-home
exposures.

Are parents’ lifestyles or cultural practices (e.g., the use of mercury in occult practices such
as Santeria, Voodoo, and Espiritismo or in folk remedies for stomach disorders in Indian
and Asian populations) likely to be a source of exposure to children?

Are [Chemical X] vapors heavier than air? If so, use the following text:

“[Chemical X] vapors are heavier than air and since young children are closer to the
ground or floor because of their height, they may be exposed to more [Chemical X]
vapors than adults during accidental exposures.”

Are significant dietary exposures likely? Remember that a child=s diet often differs
substantially from that of adults.

Are children more or less likely than adults to be exposed to [Chemical X]? In other words,
are children likely to be different in their weightBadjusted intake of the toxicant?

What health effects have been observed in children? Are there health effects observed in
adults that are also of potential concern in children? What health effects have been
observed in adults exposed to [Chemical X] during childhood? What conclusions about
children can be drawn from animal studies? If there are no data on children, state that AThe
effects of [Chemical X] have not been studied in children, but they would likely experience
the same health effects seen in adults exposed to [Chemical X].

Does the susceptibility of children to the health effects from [Chemical X] differ from that
of adults? Describe how (greater, lesser) and if possible why (i.e., are pharmacokinetics
and metabolism different in children?). Are data adequate to draw conclusions? What do
animal studies suggest? Are there theoretical reasons why children might differ from adults
in susceptibility? When appropriate use statements such as: AWe do not know whether
children differ from adults in their susceptibility to health effects from [Chemical X].@
AChildren (may need to specify age) are more/less susceptible to health effects from
[Chemical X] than adults.

Is the developmental process altered by the toxicant? Developmental problems may
include functional neurological development, such as learning deficits and deficits in social
behavior, and may result from postnatal as well as prenatal exposure. Discuss the effects in
humans and then in animals. [Note that authors should now omit discussion of
developmental effects in 1.5 How Can [Chemical X] Affect My Health?]

Can [Chemical X] or its active metabolites reach (from inhalation, oral, or dermal exposure
to the mother) and cross the placenta? Have measurements been made of [Chemical X] or
its metabolite levels in amniotic fluid, meconium, cord blood, or neonatal blood that
indicate prenatal exposure? The issue of background levels may need to be discussed.
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1.7

Relevant intraperitoneal (i.p.) or intravenous (i.v.) data may be mentioned in context, if
appropriate.

Can [Chemical X] or its active metabolites reach (from inhalation, oral, or dermal exposure
to the mother) and be excreted in breast milk? Have significant quantities been measured in
breast milk? The issue of background levels may need to be discussed. Relevant
intraperitoneal (i.p.) or intravenous (i.v.) data may be mentioned in context, if appropriate.

Is [Chemical X] stored in maternal tissues during pre-conception exposure, and if so, can
these stores be mobilized during pregnancy or lactation? Will this process result in
exposure to the embryo/fetus or neonate?

Does [Chemical X] or its metabolites indirectly affect the fetus? Examples include
interference with blood flow, oxygen, or nutrient transport to the placenta or with waste
transport from the placenta.

Does [Chemical X] or its metabolites indirectly affect the neonate during lactation?

Are pharmacokinetics known or suspected to be different in children?

Is metabolism of [Chemical X] known or suspected to be different in children? If the
enzymes that metabolize [Chemical X] are known, does their expression or activity differ in
children in general?

Is the mechanism of action known or suspected to be different in children?

How can parental exposure affect children?

Discuss any issues related to childhood cancer and either prenatal or postnatal exposures to
[Chemical X].

Are there any biomarkers of exposure or effect that have been validated in children or in
adults exposed to [Chemical X] during childhood? Are there any biomarkers of exposure
or effect unique to children?

Are there any interactions with other chemicals that are unique to children?

HOW CAN FAMILIES REDUCE THE RISK OF EXPOSURE TO [SUBSTANCE
X]?

Risk communication messages about how parents can reduce their children=s exposures to
[Chemical X] should be included in this section. Some of these methods may also reduce adult
exposures. When outlining this section, please think carefully about the sources of exposure
mentioned in chapter 6 and the uses mentioned in chapter 5. Are there steps an individual
might take to reduce exposures of their children? Statements made in this section should be
consistent with the remainder of the Toxicological Profile, in particular 6.6 Exposures of
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Children and the author should actively check for consistency during profile preparation.
Consider the exposure scenarios discussed in any case studies mentioned in the Toxicological
Profile that resulted in health effects in children and whether any of these exposures could have
been prevented by parents. Remember that sources of exposure for the general populations are
also frequent sources of exposure for children and that these sources of exposure might be
potential targets for intervention. The major focus of this section should be on minimizing or
preventing realistic exposure situations for significant doses of [Chemical X] to children;
however, prudent or no/low cost or low effort strategies to reduce exposures from other
potential sources of [Chemical X] may also be discussed.

Consult the ATSDR Web site (http://www.atsdr.cdc.gov/) to see if any appropriate suggestions
are made in the Alerts, Health Advisories, or other posted information. Also consult the CDC
Prevention Guidelines Database
(http://aepo-xdv-www.epo.cdc.gov/wonder/PrevGuid/PrevGuid.htm) to see if any of these
documents have relevant advice or examples. Check with the Occupational Safety and Health
Administration (OSHA), the Environmental Protection Agency (EPA), the National Institute for
Occupational Safety and Health (NIOSH), the National Institute of Environmental Health
Sciences (NIEHS), the Consumer Product Safety Commission (CPSC), the Centers for Disease
Control and Prevention (CDC), and ATSDR to see if appropriate risk communication material
on relevant topics is already available and could be used as a source of ideas [see partial list of
resources in Attachment F]. Another potential source of ideas is Raising Children Toxic Free
by Herbert L. Needleman and Philip J. Landrigan (Farrar, Straus, and Giroux, Inc., New York,
NY, 1994). The chapter 8 author should already have checked the EPA fish and wildlife
advisory database [http://www.epa.gov/OST/fishadvice/| to see if there are any
recommendations based on [Chemical X] and that they have been mentioned in Table 8-1.
If any such advisories exist, they should be discussed here (see later example).

Risk communication information from sources other than ATSDR is to be used as a source of
ideas, not as a source of scientific information. Copies of other risk communication information
used as a source of ideas for writing this section should be delivered to ATSDR with the
appropriate draft. This section, like all of chapter 1, should be written by scientists drawing on
the remainder of the profile as a source of information, with assistance from risk communicators
and editors in making the material accessible to the lay public. It is not to be written with other
risk communication information [such as fact sheets from other state and federal agencies] as the
primary source, although the authors should be familiar with other sources of risk
communication information about [Chemical X]. All scientific statements made in this section
are to be backed up by scientific data and references in the body of the profile.

If information that should be included in chapter 1 is found in other risk communication sources
but is not discussed in the other chapters of the Toxicological Profile and should be, this
situation should be communicated to the principal author and other appropriate chapter authors
immediately. In many cases, there may be a valid reason for not including this particular
information in chapter 1. However, the principal author and authors of the appropriate chapters
should jointly consider, in consultation with ATSDR, whether relevant information is missing
from the body of the Toxicological Profile, and decide whether a supplemental search or a
review of the original search(s) and literature selection strategy is needed. Authors of chapters 3
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and 6, and chapter 1 as appropriate, should be familiar with both the main literature search
strategy and any supplemental search strategies used for [Chemical X] and whether these
searches are likely to have missed any relevant resources. Authors of chapters 1, 3, and 6 are
responsible for instigating supplemental literature searches [see Literature Search] as
necessary. The need for a supplemental literature search may become obvious at any time
during Toxicological Profile development.

Issues will occasionally arise in the preparation of 1.7 How Can Families Reduce the Risk of
Exposure to [Chemical X]? About the effectiveness of certain prevention strategies and related
issues that would not ordinarily be discussed in the body of the profile. Minor searches of
appropriate databases may be necessary. Discuss with ATSDR whether additional information
should be cited in the body of the Toxicological Profile. Be sure that regulations or
recommendations about [Chemical X] from other government agencies that are discussed in this
section are also discussed in Chapter 8: Regulations and Advisories.

Please collaborate closely with ATSDR in developing this section. AVOID
UNNECESSARILY ALARMIST STATEMENTS.

Consider the following issuesCand any other appropriate onesCin writing this section. These
suggestions are not a comprehensive list of potential issues. Within each topic designated by a
bullet, conclusions of human studies should be discussed before those of animal studies. The
discussion of relevant prevention strategies does not have to be in the order these issues are
raised in the following list. Organize this section so that the prevention of the greatest sources of
exposure is discussed first. Note that in some instances, there may be no actions an individual
can take to reduce their children=s exposure, and in such cases this section will consist of
boilerplate alone.

The following boilerplate text should be included:

If your doctor finds that you have been exposed to significant amounts of [Chemical X], ask
whether your children might also be exposed. Your doctor might need to ask your state
health department to investigate.

o  If screening of childrenCas a public health practiceCfor exposure to [Chemical X] is
appropriate, explain when. An example is blood lead screening. What have ATSDR and
CDC recommended? Relevant recommendations by EPA, the World Health Organization
(WHO), and other agencies may be discussed if appropriate.

o Are there nutritional deficiencies that enhance the absorption or change [for the worse] the
distribution, metabolism, or excretion of [Chemical X]? [Example: influence of calcium
and iron deficiencies and fasting on absorption of lead]. Suggest a balanced diet with
adequate amounts of [relevant nutrient].

o  Are there accurate and costBeffective methods for testing or surveying homes for

[Chemical X]? When should homes be screened for the presence of [Chemical X]?
Examples: radon testing, lead testing, visually inspecting for exposed asbestos.
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Are structural materials of the home (e.g., lead from plumbing and radioactivity from
certain construction materials made of particular mining slags) likely to release
[Chemical X]? Is testing or remedial action feasible?

Are significant amounts of [Chemical X] likely to be in finished drinking water? Can the
water content be easily tested? Are there practical remedies? If [Chemical X] is in the
public drinking water supply, do any relevant federal regulations apply to the supplier?

Are there hobbies conducted in the home that might expose children? [Lead solder used in
making stained glass; solvent use, etc.?] How can exposure be minimized? [Ventilation?]

Discuss EPA and Food and Drug Administration (FDA) recommendations about decreasing
exposure, if appropriate.

Are there regulations about the presence of [Chemical X] in schools? Provide a brief
description. Example: asbestos.

Are particular incidents (e.g., children playing with mercury) likely to be sources of
exposure to children?

Is [Chemical X] used on pets? Is there a risk of significant exposure to children? Are there
alternatives?

Are significant amounts of [Chemical X] likely to be on objects that children might place in
their mouths? Explain.

Possible text includes:

-You should discourage your children from putting foreign objects in their mouths.
Make sure they wash their hands frequently and before eating. Discourage your
children from putting their hands in their mouths or from other handBtoBmouth
activity.

Are significant amounts of [Chemical X] likely to be found in dirt in a bioavailable form?
Under what circumstances? Possible text includes:

“Some children eat a lot of dirt. You should discourage your children from eating dirt.
Make sure they wash their hands frequently and before eating. Discourage your
children from putting their hands in their mouths or other handBtoBmouth activity.”

If [Chemical X] is found in common household products, is it present in a form or amount
that makes acute ingestion of toxic quantities by young children a possibility? If so, use the
following text:
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“Household chemicals should be stored out of reach of young children to prevent
accidental poisonings [or skin burns]. Always store household chemicals in their
original labeled containers. Never store household chemicals in containers that
children would find attractive to eat or drink from, such as old soda bottles. Keep
your Poison Control Center=s number next to the phone.”

If [Chemical X] is found in common household products, are children likely to be exposed
to significant amounts of [Chemical X] while the products are being used by adults? If so,
are there easy precautions that can be taken to minimize exposure, such as following the
package instructions about proper ventilation?

Are older children likely to be exposed to toxicologically significant amounts of
[Chemical X] by sniffing household or commercial products? Possible text:

“Sometimes older children sniff household chemicals in an attempt to get high. Your
children may be exposed to [Chemical X] by inhaling products containing it. Talk
with your children about the dangers of sniffing chemicals.”

Is [Chemical X] contained in household items (e.g., dishes, miniBblinds, and broken
thermometers) that might pose a risk of significant exposure to children? Is there an easy
way of minimizing exposure? Is there an easy and accurate way of testing these items for
the presence of [Chemical X]?

If [Chemical X] is likely to be spilled in the home, is it hazardous to clean it up yourself?
Clearly explain when it is appropriate to call the local fire department, poison control
center, or local or state health department for assistance.

Do NOT make any statements about screening breast milk for contaminants and the
advisability of breast feeding without consulting ATSDR. There are significant benefits
from breast feeding. ATSDR and CDC do not wish to make recommendations without
carefully weighing the risks of exposure against the benefits of breast feeding.

Is [Chemical X] in any mainstream pharmaceuticals used on children? Are there
alternatives? An example is lindane (y-hexachlorocyclohexane) being used for ridding
children of head lice. [See Sanford Antimicrobial Guide for effective alternatives.] Instead
of instructing parents not to use lindaneBcontaining lice treatment on their children, tell
them: “You may expose your child to lindane if you use lindane to treat lice on your
child’s head. There are alternatives that do not involve the use of lindane.”

Identify any folk remedies or cultural practices that might result in significant exposure of
children to [Chemical X]. Explain the common names of [Chemical X] and where it might
be purchased. Do not order the reader not to engage in these practices, but rather tell them
“If you use [common name] in a practice unique to your heritage, then you are using
[Chemical X] and may expose your child.” This statement may need to be modified to fit

the details of a particular cultural practice and to explain exactly how it might expose
children.

DRAFT-Do Not Cige or Quote-DRAFT
7



o  If[Chemical X] is used as a medicine, folk remedy, or cosmetic, is the place where it is
kept (e.g., the medicine cabinet) accessible to young children? Is it in a bioavailable form?
Suggest to the reader that [Chemical X] should be kept out of children’s reach to avoid
accidental poisonings.

o Is take-home or secondary exposure (e.g., to lead and asbestos) from parental jobs likely to
be a problem? See Report to Congress on Workers’ Home Contamination Study
Conducted Under The Workers’ Family Protection Act (NIOSH 1995) for a good review of
the literature and examples of chemicals likely to be taken home inadvertently. This topic
should not be discussed here unless there is actual evidence of take-home exposure
discussed in chapter 6. Some possible text:

“It is sometimes possible to carry [Chemical X] from work on your clothing, skin,
hair, tools, or other objects removed from the workplace. This is particularly likely if
you work in [identify industries]. You may contaminate your car, home, or other
locations outside work where children might be exposed to [Chemical X]. You should
know about this possibility if you work with [Chemical X]. *

“Your occupational health and safety officer at work can and should tell you whether
chemicals you work with are dangerous and likely to be carried home on your clothes,
body, or tools and whether you should be showering and changing clothes before you
leave work, storing your street clothes in a separate area of the workplace, or
laundering your work clothes at home separately from other clothes. Your employer
should have Material Safety Data Sheets (MSDSs) for many of the chemicals used at
your place of work, as required by the Occupational Safety and Health Administration
(OSHA). Information on these sheets should include chemical names and hazardous
ingredients, important properties (such as fire and explosion data), potential health
effects, how you get the chemical(s) in your body, how to properly handle the
materials, and what to do in an emergency. Your employer is legally responsible for
providing a safe workplace and should freely answer your questions about hazardous
chemicals. Your OSHA-approved state occupational safety and health program or
OSHA can answer any further questions and help your employer identify and correct
problems with hazardous substances. Your OSHA-approved state occupational safety
and health program or OSHA will listen to your formal complaints about workplace
health hazards and inspect your workplace when necessary. Employees have a right
to seek safety and health on the job without fear of punishment.”

o Are children likely to be exposed to toxicologically significant amounts of [Chemical X] in
the diet?

Consumption of animal products: Discuss the data in chapter 6. If there are FDA
recommendations, guidelines, or regulations in Table 8-1, discuss these next. Then, if
an advisory about fish or game consumption based on the presence of [Chemical X] is
mentioned in Table 8-1, use the following text and modify as appropriate.
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“You or your children may be exposed to [Chemical X] by eating certain types of
fish or wildlife caught from certain locations. Certain states, Native American
tribes, and U.S. territories have issued fish [and wildlifeCspecify the species: fish
(freshwater or saltwater), turtles, type of ducks, frogs, moose, woodchucks, etc.]
advisories to warn people about [Chemical X]Bcontaminated fish [and/or
wildlife]. Each state, Native American tribe, or U.S. territory sets its own
criteria for issuing fish and wildlife advisories. A fish [or wildlife] advisory will
specify which bodies of water [or hunting areas] have restrictions. The advisory
will tell you what types and sizes of fish [or game] are of concern. The advisory
may completely ban eating fish [or game] or tell you to limit your meals of a
certain fish [or game] type. For example, an advisory may tell you to eat a
certain type of fish no more than once a month. The advisory may tell you only
to eat certain parts of the fish [or game] and how to prepare or cook the fish [or
game] to decrease your exposure to [Chemical X]. The fish [or wildlife]
advisory may be stricter to protect pregnant women, nursing mothers, and young
children. To reduce your children=s exposure to [Chemical X], obey fish [or
wildlife] advisories. Information on Fish and Wildlife Advisories in your state is
available from your state health or natural resources department. Signs might
also be posted in certain fishing [and hunting] areas.”

Consumption of produce: Discuss the data in chapter 6. Also see the following issues
concerning pesticides.

o  If[Chemical X] is a pesticide, consider the following issues:
Is the pesticide used around the home?

“If you buy over-the-counter pesticide products to apply yourself, be sure the
products are in unopened pesticide containers that are labeled and contain an
EPA registration number. Carefully follow the instructions on the label. If you
plan to spray inside, make sure the pesticide is intended for indoor use.”

“If you feel sick after a pesticide has been used in your home, consult your
doctor or local poison control center.”

If the pesticide is commonly used in the home or garden, are there safer and effective
alternatives? Only discuss this issue if you can find reputable scientific evidence for
workable alternatives.

Is the timing of reBentry after pesticide application an exposure issue? If there are
reliable data about the need for children to wait longer for reBentry than commonly
suggested on labels, discuss these data. For example, there have been multiple reports
about measurement of chlorpyrifos residues on children=s toys and the floor and
carpet after the specified reBentry time has elapsed. Otherwise, use the following text:

DRAFT-Do Not Cigg or Quote-DRAFT



“Children can be exposed to pesticides by entering a room or playing on a lawn
too soon after a pesticide has been applied. Carefully read and follow the
directions on the pesticide label about how long to wait before reBentering the
treated area.”

Could accidental ingestion of household pesticides result in poisonings?

“Pesticides and household chemicals should be stored out of reach of young
children to prevent unintentional poisonings. Always store pesticides and
household chemicals in their original labeled containers. Never store pesticides
or household chemicals in containers children would find attractive to eat or
drink from, such as old soda bottles.”

Has [Chemical X] been banned or restricted for home, farm, or commercial use?
Another series of misuse incidents, such as occurred with methyl parathion, would be
regrettable. Use the following text:

“Your children may be exposed to [Chemical X] if an unqualified person applies
pesticides containing it around your home. In some cases, the improper use of
pesticides banned for use in homes has turned homes into hazardous waste sites.
Make sure that any person you hire is licensed and, if appropriate, certified to
apply pesticides. Your state licenses each person who is qualified to apply
pesticides according to EPA standards and further certifies each person who is
qualified to apply Arestricted use@ pesticides. Ask to see the license and
certification. Also ask for the brand name of the pesticide, a Material Safety
Data Sheet (MSDS), the name of the product's active ingredient, and the EPA
registration number. Ask whether EPA has designated the pesticide Afor
restricted use@ and what the approved uses are. This information is important if
you or your family react to the product.”

“If you buy over-the-counter pesticide products to apply yourself, be sure the
products are in unopened pesticide containers that are labeled and contain an
EPA registration number. Carefully follow the instructions on the label. If you
plan to spray inside, make sure the pesticide is intended for indoor use.”

“If you feel sick after a pesticide has been used in your home, consult your
doctor or local poison control center.”

Is [Chemical X] likely to be on produce, either commercially grown or homegrown?
Is [Chemical X] more likely to be on imported produce (i.e., has it been banned in the
United States, but not elsewhere)?

[Give some general information about FDA regulation of pesticide residues, their
sampling methodology (random?), whether test results are likely to be available
before food is distributed, and what assumptions are made in their analysis about
whether the peel of various fruits and vegetables will be eaten. Explain the role
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of EPA]. Clearly explain whether human health effects were considered in
setting relevant regulatory levels [tolerances, etc.]. Make it clear that produce
sold in the United States should generally have minimal amounts of pesticide
residues.

If pesticide residues are likely to be on the surface of produce when it reaches the
consumer, discuss whether there are effective methods of removing it (e.g.,
washing, scrubbing with water, or washing with water containing extremely
diluted dishwashing liquid). Only discuss this issue if reputable scientific data
can be found for the effectiveness of these methods. Should peeling be
considered? Explaining that washing produce also reduces potential microbial
contamination of the food surface may be appropriate.

o  Ifthere are any additional unique exposure pathways for children that are preventable (e.g.,
treated playground equipment), explain how parents could prevent the exposure of their
children.

An extensive example of appropriate text for a section on mercury follows, as well as
suggestions for issues to be discussed for lead.

Mercury:

“Children are often exposed to metallic mercury when they play with it. Metallic mercury
is a heavy, shiny, silver liquid. When metallic mercury is spilled, it forms little balls or
beads. Children sometimes come into contact with metallic mercury when they trespass in
abandoned warehouses and closed factories. Children have taken metallic mercury from
school chemistry and physics labs. Broken thermometers are another source of metallic
mercury. Sometimes children find containers of metallic mercury that were improperly
disposed of, or adults bring home metallic mercury from work on purpose. To protect your
children from metallic mercury, tell them not to play with shiny, silver liquids.
Schoolteachers (particularly science teachers) and school staff need to know about students'
fascination with metallic mercury. Teachers and school staff should tell children about its
dangers (that is, getting sick from touching and breathing mercury), and they should keep
metallic mercury in a safe and secured area (such as a locked storage room) so that children
do not have access to it without the supervision of a teacher. Metallic mercury evaporates
slowly, and children can breathe toxic mercury vapors if it is not stored in a closed
container.”

“If you use metallic mercury in religious practices, you may expose your children or unborn
child and contaminate your house. Such practices include Santeria (a Cuban-based religion
whose followers worship both African deities and Catholic saints), voodoo (a
HaitianBbased set of superstitions and secret rites), Palo Mayombe (a secret form of
ancestor worship practiced mainly in the Caribbean), or Espiritismo (a spiritual belief
system native to Puerto Rico), and other folk or magical practices. Metallic mercury is sold
under the name "azogue" in stores (which are sometimes called botanicas) that specialize in
religious items. Some people in Hispanic communities (such as family members,
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spiritualists, card readers, and santeros) recommend azogue for religious practices.
Typically, azogue is carried on one's person in a sealed pouch prepared by a spiritual
leader, or it is sprinkled in the home or car. Some store owners suggest mixing azogue in
bath water or perfume. Some people place azogue in devotional candles. Because metallic
mercury evaporates into the air, it is a health risk to anyone spending a substantial amount
of time in a room where the mercury is sprinkled or spilled onto the floor, put in candles, or
kept in open containers.”

“A small amount of metallic mercury (for example, a few drops) can raise air
concentrations of mercury to levels that can be harmful to health. Metallic mercury and its
vapors are extremely difficult to remove from clothes, furniture, carpet, floors, walls, and
other items. The mercury contamination can remain for months or years. The use of
metallic mercury in a home or apartment not only threatens the health of people who live
there now, but also threatens future residents who do not know about the contamination.”

“Metallic mercury is used in many household products and industrial items, including
thermostats, fluorescent light bulbs, barometers, glass thermometers, and some blood
pressure machines. You must be careful when you handle and dispose of all items that
contain metallic mercury. If small amounts of mercury are spilled, be very careful while
cleaning it up. Do not try to vacuum spilled metallic mercury. Using a vacuum cleaner to
clean up the mercury causes the mercury to evaporate into the air, creating greater health
risks. Mercury also ruins the vacuum cleaner. Metallic mercury vapors are very toxic and
cannot be smelled. Try not to breathe mercury dust, vapor, mist, or gas, and try not to let
metallic mercury contact your eyes, skin, or clothing. If you think you have been exposed
directly to metallic mercury, wash yourself thoroughly and discard contaminated clothing
by placing it in a sealed plastic bag.

“If a thermometer breaks, remove children from the area. Clean up the beads of metallic
mercury by carefully rolling them onto a sheet of paper or sucking them up with an eye
dropper. After picking up the metallic mercury, put it into a plastic bag or airtight
container. The paper or eye dropper should also be bagged. Both these bags should be
disposed of properly according to instructions provided by your local health department or
environmental officials. Try to ventilate the room with outside air, and close the room off
from the rest of the home. Use fans for a minimum of 1 hour to speed the ventilation. If
larger amounts of metallic mercury are found (for example, a jar of it), make sure the
metallic mercury is in an airtight container, and call your local health department for
instructions on how to safely dispose of it. If an open container of mercury does not have a
lid, place a piece of plastic wrap around the top and wash your hands thoroughly. If a
larger amount is spilled, leave the area and contact your local health department and fire
department. Do not simply throw metallic mercury away, but instead seek professional
help.”

“If you notice that a child has metallic mercury on his or her clothing, skin, or hair, call the
fire department and let them know the child needs to be decontaminated. *
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“ATSDR and EPA do not recommend using uncontained metallic (liquid) mercury (that is,
mercury not properly enclosed in glass as it is in thermometers) in homes, automobiles, day
care centers, schools, offices, and other buildings. “

“Some Chinese and Indian folk remedies for stomach disorders (for example, herbal balls)
contain mercury. If you give these herbal balls to your children, you may harm them. If
you are pregnant or nursing a baby and you use mercuryBcontaining folk remedies, you
could pass the mercury to your unborn child or your baby. It is wise to know the
ingredients of any medicines you or your children take. If you keep mercuryBcontaining
folk remedies in your home, make sure your children cannot reach the remedies, because
they could be poisoned by mistake.”

“You or your children could be exposed to methyl mercury by eating certain types of fish
caught from certain locations [or wildlifeCstate species, if applicable after searching EPA
database]. Certain states, Native American tribes, and U.S. territories have issued fish [and
wildlifeCspecify the species: fresh or saltwater fish, turtles, type of ducks, frogs, moose,
woodchucks, etc.] advisories to warn people not to eat fish [and/or wildlife] contaminated
with methyl mercury. Each state, Native American tribe, or U.S. territory sets its own
criteria for issuing fish and wildlife advisories. A fish [or wildlife] advisory will specify
which bodies of water [or hunting areas] have restrictions. The advisory will tell you what
types and sizes of fish [or game] are of concern. The advisory may completely ban eating
fish or tell you to limit your meals of a certain fish type. For example, an advisory may tell
you to eat a certain type of fish no more than once a month. The advisory may tell you only
to eat certain parts of the fish [or game] or how to prepare and cook the fish [or game] to
decrease your exposure to methyl mercury. The fish [or wildlife] advisory may be stricter
to protect pregnant women, nursing mothers, and young children. To reduce your
children’s exposure to methyl mercury, obey fish [and/or wildlife] advisories. Information
on Fish and Wildlife Advisories in your state is available from your state public health or
natural resources department, and signs may be posted in certain fishing [and hunting]
areas.” [Note that this paragraph will need to be modified as appropriate after the EPA
database on Fish and Wildlife Advisories is searched.]

[Discuss Food and Drug Administration (FDA) recommendations not to eat shark or
swordfish more than once a week because of higher mercury levels in these predatory fish.]

Lead:
The following issues should be considered in constructing this section:

o

“Parents should know whether the paint in their house contains lead. Lead was banned in
household paint in 1978, but if your house or apartment was built before then, it might still
have lead paint on the walls. Decaying, peeling, or flaking paint can cause household dust
to become full of lead, and the paint may need to be fixed. If your paint is decaying or your
child has symptoms of lead poisoning, you may want to have your house tested for lead.
Lead can be measured in dust or directly in paint. Contact your state or local health
department about testing. The National Lead Information Center (1-800-532-3394) has a
listing of approved risk assessors (people who have met certain criteria and are qualified to
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assess the potential risks at a given site) and of approved testing labs (for soil, paint, and
dust).”

“Sanding surfaces painted with leadBbased paint or using heat to peel the paint may cause
exposure to high levels of lead; therefore, any renovations should be done by a licensed
contractor who will minimize exposures to household members from the distribution of
leadBcontaining dust. It is important for the area being renovated to be isolated from the
rest of the house because of leadBcontaining dust. The federal government requires that
contractors who test for or remove lead must be certified by EPA or an EPABapproved
state program. Ask to see the certifications of potential contractors. Your state health
department or environmental protection division should be able to identify certified
contractors for you. The National Lead Abatement Council (P.O. Box 535, Olney, MD
20932; telephone 301-924-5490) can also send you a list of certified contractors.”

“If you are buying a home that was built before 1978, you may want to know if it contains
leadBbased paint. The federal government requires that a person selling a home must tell
the real estate agent or person buying the home of any known leadBbased paint hazards on
the property.”

“Prevent your child from eating paint chips or chewing on the woodwork if you live in a
house that has leadBbased paint. If you live in a house that has leadBbased paint, lead may
be in household dust and, thus, on objects that children might place in their mouths. You
should discourage your children from putting foreign objects in their mouths. Make sure
they wash their hands frequently and before eating. Discourage your children from putting
their hands in their mouths or other handBtoBmouth activity.”

“Discuss situations in which blood lead screening of children is appropriate. Note that the
most recent CDC recommendations (Screening Young Children for Lead Poisoning, CDC
1997) are for targeted screening of children who are at high risk for lead poisoning and not
for universal screening. Please consult this publication and briefly discuss the highBrisk
situations for which parents might want to have their child tested. Describe what will
happen during a blood lead test: A...your child=s finger will be thoroughly cleaned to
prevent contamination of the blood sample with lead from the environment, and the finger
will be pricked so that blood can be collected. If this test shows your child has blood lead
concentrations greater than a certain amount, your health care provider will then draw
blood from your child=s vein and test it to confirm the presence of lead. Blood drawn from
a vein is less likely than blood drawn from a finger capillary to be contaminated with
environmental lead during the process of drawing the blood.”

“Some children eat a lot of dirt. If dirt around your home contains lead, you should prevent
your children from eating the dirt. Make sure they wash their hands frequently and before
eating. Discourage your children from putting their hands in their mouths or other hand-to-
mouth activity.”
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“Many folk remedies (such as greta, azarcon, coral, payBlooBah, and rueda) contain lead.
If you give your children these substances, you will expose them to lead. [Are all of these
medicines used orally? Is the lead in a form it can be absorbed? Delete or modify previous
sentence as necessary.] If you are pregnant or nursing and use leadBcontaining folk
remedies, you may expose your children. [Check about adult gastrointestinal absorption of
the forms of lead in these remedies and whether they can be transferred across the placenta
or into breast milk; if not, then delete previous sentence.] It is wise to know the ingredients
of any medicines you or your children take. If you keep leadBcontaining folk remedies in
your home, make sure your children cannot reach the remedies because they could be
poisoned by mistake.”

Investigate claims about lead-containing hair dyes and whether the lead is in a form that
would be dangerous to children around adults who have dyed hair. Only discuss this if it is
likely to be a source of a significant dose. Scientific data should be discussed in chapter 6.
Is there a risk that children might swallow such dyes or dermally absorb them?

If the lead in non-Western cosmetics (such as surma and kohl) is in a form that could be
absorbed by humans, this needs to be mentioned. Is there a risk that children might
swallow such cosmetics or dermally absorb them?

Because fasting and nutritional deficits of iron and calcium enhance lead absorption (see
3.3.1 Toxicokinetics: Absorption), suggest that children should eat a balanced diet with
adequate amounts of calcium and iron.

Please discuss in chapter 6 whether the amount of exposure from certain hobbies would be
measurable and of health significance. If scientific references confirm this situation, then
the following points might be discussed in this section. State whether practicing some
hobbies, such as using lead solder to make stained glass or for other purposes, cutting or
sawing colored glass that may contain lead, and casting ammunition or fishing weights may
get lead into the air. Discuss appropriate prevention strategies [Never doing these hobbies
in a room with children? Using a room well ventilated with outdoor air? Changing clothes
before entering other household areas? Air filters?] if scientific data are available.

Discuss takeBhome or secondary exposure. In addition to information in chapter 6 of the
profile, see Report to Congress on Workers’ Home Contamination Study Conducted Under
The Workers’ Family Protection Act (NIOSH 1995) for a good review of the literature.
Some possible text:

“It is sometimes possible to carry lead from work on your clothing, skin, hair, tools, or
other objects removed from the workplace. This is particularly likely if you work in
[identify industries]. You might contaminate your car, home, or other locations
outside work where children could then be exposed to lead. You should know about
this possibility if you work with lead.”

“Your occupational health and safety officer at work can and should tell you whether
chemicals you work with are dangerous and likely to be carried home on your clothes,
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body, or tools and whether you should be showering and changing clothes before you
leave work, storing your street clothes in a separate area of the workplace, or
laundering your work clothes at home separately from other clothes. Your employer
should have Material Safety Data Sheets (MSDSs) for many of the chemicals used at
your place of work, as required by the Occupational Safety and Health Administration
(OSHA). Information on these sheets should include chemical names and hazardous
ingredients, important properties (such as fire and explosion data), potential health
effects, how the chemical gets in your body, how to properly handle the materials, and
what to do in an emergency. Your employer is legally responsible for providing a safe
workplace and should freely answer your questions about hazardous chemicals. Your
OSHABapproved state occupational safety and health program or OSHA can answer
any other questions and help your employer identify and correct problems with
hazardous substances. Your OSHABapproved state occupational safety and health
program or OSHA will listen to your formal complaints about workplace health
hazards and inspect your workplace when necessary. Employees have a right to seek
safety and health on the job without fear of punishment.”

“Lead is sometimes found in pottery and ceramics, where it is used in the glaze. In 1990,
FDA issued recalls and warnings about leachable lead in pottery. In 1991, FDA set limits
on the leachable lead in pottery and ceramics. To limit your child’s exposure to lead from
this source, do not use earthenware for storing acidic food, be careful of products purchased
in other countries, do not use antiques or lead crystal to hold food or drinks, and be careful
of ceramics made by hobbyists.@ Discuss the lead-testing kits that are widely available in
stores. Are they an accurate method of determining ceramic/pottery lead content?” You
will need references in chapter 6 documenting all the points mentioned in this paragraph.

“Ink containing lead is often used to print labels on bread bags and other food wrappers. If
you reuse bread bags for storing food, make sure they are used right side out so that the
printing does not touch the food.” You will need to supply references documenting these
facts in chapter 6.

Is lead in drinking water a significant enough exposure pathway to worry about? Some
possible text follows, but you will need to document these facts by discussing published
exposure studies on this topic in chapter 6.

“Children may also be exposed to lead in drinking water. Some older water mains are
made of lead. [Discuss legal obligations of water utility with regard to lead content of
water.] Inside plumbing installed before 1930 is the most likely to contain lead.
Copper pipes have replaced lead pipes in most residential plumbing. However, the
use of lead solder with copper pipes is widespread. This lead solder is the major cause
of lead contamination of household water in the United States. EPA recommends that
anytime water in a particular faucet has not been used for 6 hours or longer, you
should flush your cold water pipes by running the water until it becomes as cold as it
will get (5 seconds to 2 minutes). Because lead dissolves more easily in hot water,
you should use only cold water for drinking, cooking, and preparing baby formula.
You may also want to have your water tested by a competent laboratory. Contact your
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water supplier or local health department to get information about laboratories.

[Please actually talk to a scientist in an appropriate office at EPA to see if EPA still
recommends running your tap water for an interval to get out the lead that has diffused
into the water while it sat overnight in the pipes. Has EPA changed its advice because
of concerns about water conservation? Note that some items on the EPA web site are
very old, so you do need to confirm current EPA advice.] If your water tests indicate
the presence of a significant amount of lead, consult your water supplier or local
health department about possible remedies. The solution may depend on the source of
the lead and whether it is organic or inorganic, or particulate or dissolved.”

1.8 IS THERE A MEDICAL TEST TO DETERMINE WHETHER I HAVE BEEN
EXPOSED TO [SUBSTANCE X]?

This should be a brief paragraph. The information should be consistent with that presented in
Sections 3.6.2, 3.9.2, and 7.3.1. The paragraph should state whether there is a medical test or
not. What can be measured? Is the test specific? Is it diagnostic of exposure and/or effect?
Differentiate between substance-specific and nonspecific tests. Does the test correlate
quantitatively with exposure? Can the test be used to predict potential health effects or adverse
changes following exposure? How long after exposure is discontinued will the test be useful? Is
the test available through most doctors' offices, or is it quite elaborate or not routinely available

or used? Refer the reader to Chapters 3 and 7 for more information.

1.9 WHAT RECOMMENDATIONS HAS THE FEDERAL GOVERNMENT MADE TO
PROTECT HUMAN HEALTH?

Insert the following boilerplate at the beginning of Section 1.9.

The federal government develops regulations and recommendations to protect public
health. Regulations can be enforced by law. Federal agencies that develop regulations
for toxic substances include the Environmental Protection Agency (EPA), the
Occupational Safety and Health Administration (OSHA), and the Food and Drug
Administration (FDA). Recommendations provide valuable guidelines to protect

public health but cannot be enforced by law. Federal organizations that develop

recommendations for toxic substances include the Agency for Toxic Substances and
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Disease Registry (ATSDR) and the National Institute for Occupational Safety and
Health (NIOSH).

Regulations and recommendations can be expressed in not-to-exceed levels in air,
water, soil, or food that are usually based on levels that affect animals; then they are
adjusted to help protect people. Sometimes these not-to-exceed levels differ among
federal organizations because of different exposure times (an 8-hour workday or a 24-

hour day), the use of different animal studies, or other factors.

Recommendations and regulations are also periodically updated as more information
becomes available. For the most current information, check with the federal agency
or organization that provides it. Some regulations and recommendations for

[substance x] include the following:

Provide quantitative narrative on guidelines and standards for inhalation, drinking water, food,
dermal exposure, etc. Accurately define and state the conditions of exposure for which the
recommendations and regulations apply, e.g., 8-hour workday or 40-hour workweek. (See
Eighth Set Toxicological Profile for Carbon Disulfide for a good example of how to present
information in this section.) EPA Ambient Water Quality Criteria (AWQC) for fish and aquatic
organisms should be included, where available, for compounds that are extremely lipophilic and
have relatively high bioconcentration factors (BCFs). Differentiate between recommendations
and regulations. Non-occupational health information should precede occupational health
information. For occupational recommendations, do not report a short-term exposure limit

(STEL) unless it is the only one listed.

Consider:
Air: EPA, OSHA, and NIOSH
Water:  EPA Primary and Secondary Drinking Water Standards, Health Advisories,

AWQC
Food: FDA, EPA
Other:  EPA and other federal agencies, other organizations
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Refer readers to Chapter 8 for further information.

1.10 WHERE CAN I GET MORE INFORMATION?
Include the following boilerplate.

If you have any more questions or concerns, please contact your community or state

health or environmental quality department or:

Agency for Toxic Substances and Disease Registry
Division of Toxicology and Environmental Medicine
1600 Clifton Road NE, Mailstop F-32

Atlanta, GA 30333

Web site: www.atsdr.cdc.gov

* Information line and technical assistance

Phone: 1-800-CDC-INFO (1-800-232-4636) [use current phone #'s]
Fax: (770) 488-4178 [use current phone #'s]

ATSDR can also tell you the location of occupational and environmental health
clinics. These clinics specialize in recognizing, evaluating, and treating illnesses

resulting from exposure to hazardous substances.

* To order toxicological profiles, contact:

National Technical Information Service
5285 Port Royal Road
Springfield, VA 22161
Phone: (800) 553-6847 or (703) 605-6000

CHAPTER 2. RELEVANCE TO PUBLIC HEALTH

The purpose of Chapter 2 - Relevance to Public Health is to provide to the reader an executive
summary-type overview of the nature, manufacture, uses, general population exposures, and

health effects of the substance under review. When confronted with making a real-time
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determination of whether the presence of a particular substance in the environment poses a
potential threat to human health, a public health professional should be able to obtain from this
chapter sufficient information about the profiled substance to make an initial determination of
whether further evaluation of the exposure scenario is warranted and of the type of health effects
that primary care providers should be aware if exposure is determined to be of biological

significance.

This chapter should be limited to information presented in the other chapters of the toxicological
profile. The presentation in this chapter should be sufficient to provide a public health official
with information that would be germane to making an initial assessment of a particular
environmental scenario, but should not contain a level of detail that goes beyond this purpose.

For a more detailed discussion, the reader can refer to the other chapters of the profile.

Chapter 2 should be concise (10-15 pages depending on the substance being profiled), yet
informative. Statements should include references during the development stage but they should

be deleted from the camera-ready final. This chapter should be separated into three sections:

2.1 BACKGROUND AND ENVIRONMENTAL EXPOSURES TO [CHEMICAL X]
IN THE UNITED STATES.

2.2 SUMMARY OF HEALTH EFFECTS

2.3 MINIMAL RISK LEVELS

2.1 BACKGROUND AND ENVIRONMENTAL EXPOSURES TO [CHEMICAL X] IN
THE UNITED STATES.

Chapter 2 should begin with a brief identification of the substance. For substances that are
essential elements or nutrients, information to this effect should be included up front in the
overview. A brief discussion of the basis for essentiality should be provided including the

recommended dietary allowance and normal reference laboratory values.
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-Chemical identification and uses? If banned, or no longer produced, say so and give some

specifics dates.

“DDT is an organochlorine insecticide that has found a broad range of agricultural
and nonagricultural applications in the United States and worldwide beginning in
1939. In 1972, DDT use was banned in the United States and in many parts of the
world, except for use in controlling emergency public health problems. DDT is still

used in certain parts of the world to control vector-borne diseases, such as malaria.”

-How is the general public likely to be exposed, what are the likely sources of exposure and
important pathways for humans. Include ambient air and drinking water levels. If
available, provide dietary intakes. Utilize data from large-scale studies or surveys (e.g.
EPA Office of Drinking Water, FDA market basket studies, etc). Avoid data from
individual studies; if this is the only information that is available, it is appropriate to

include a range of values.

“The estimated dietary intake of PCBs for an average adult was about 0.03 ug/kg/day
in 1979, but this had declined to <0.001 ug/kg/day by 1991.”

-What common lab tests (eg. blood, urine) are available to determine whether exposure

occurred? (ie. biomarkers of exposure). Include normal baseline values, if available.

“The mean total mercury levels in whole blood and urine of the general population
are approximately 1-8 ug/L and 4-5 ug/L, respectively. Recently, the International
Commission on Occupational Health (ICOH) and the International Union of Pure and
Applied Chemistry (IUPAC) Commission on Toxicology determined that a mean value
of 2 ug/L was the background blood level of mercury in persons who do not eat fish.
These blood and urine levels are "background" in the sense that they represent the
average levels in blood in the general population and are not associated with a
particular source for mercury. However, the intra- and interindividual differences in

these biomarkers are substantial, possibly due to dental amalgams (urine) and

DRAFT-Do Not Citg or Quote-DRAFT
4



ingestion of contaminated fish (blood). Long-term consumption of fish is the source of
nearly all of the methylmercury measured in the general population, and individuals
in communities with high fish consumption rates have been shown to have blood levels

of 200 ug/L, with daily intake of 200 ug mercury.”

If available, provide specific insights about the substance being discussed. For example, chapter
2 for a substance such as lead should include its use as a gasoline additive and resulting dispersal
throughout the environment; its use in solder and impact to canned foods and water pipes; folk
remedies; lead-based paint, etc. Such a historical perspective would be informative to the reader
but also indicate any present day impacts (e.g. although many of these uses are banned, leaded
paint is still prevalent in older housing and of special concern for young children who exhibit
hand to mouth behavior. As lead based paint deteriorates, it contributes to indoor lead dust
which accumulates floors where children crawl; lead solder may still be of concern in older

housing as well).
2.2 SUMMARY OF HEALTH EFFECTS

The introduction to Chapter 2.2 - Summary of Health Effects should only include a summary of
the most notable effects of the substance as will be presented in the latter part of the
system/target organ section. Emphasize the human data; indicate in a general way if the animal
data is supportive.

-are there any delayed effects from exposure?

-are there any long term effects from exposure?

“The preponderance of the biomedical data from human and laboratory mammal
studies provide strong evidence of the toxic potential of exposure to PCBs.
Information on health effects of PCBs is available from studies of people exposed in
the workplace, by consumption of contaminated rice oil in Japan (the Yusho incident)
and Taiwan (the Yu-Cheng incident), by consumption of contaminated fish, and via
general environmental exposures, as well as food products of animal origin. As

summarized below and detailed in Chapter 3, effects that have been associated with
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exposure to PCBs in humans and/or animals include liver, thyroid, dermal and ocular
changes, immunological alterations, neurodevelopmental changes, reduced birth
weight, reproductive toxicity, and cancer. The human studies of the Yusho and Yu-
Cheng incidents, contaminated fish consumption, and general populations are
complicated by the mixture nature of PCBs and possible interactions between the
components (see Chapter 3 for additional information). Therefore, although PCBs
may have contributed to adverse health effects in these human populations, it cannot
be determined with certainty which congeners may have caused the effects. Animal
studies have shown that PCBs induce effects in monkeys at lower doses than in other
species, and that dermal/ocular, immunological, and neurobehavioral changes are
particularly sensitive indicators of toxicity in monkeys exposed either as adults, or

during pre- or postnatal periods.”

The non-numbered subsections of ONLY the MAJOR system/target organs section should

follow immediately after the general introduction to provide a more detail.

Reproductive Effects. The subtitle is in bold and the discussion begins on the same line.
The discussion should not contain references or specific experimental design information,
but it should be a general discussion of scientific findings based on the weight of evidence

of studies.

2.3 Minimal Risk Levels
Unlike sections 2.1 and 2.2, the discussion of minimal risk levels should contain more detail
regarding citations, doses, and other relevant information. The reader should be referred to

Exhibit 14 (MRL Worksheets) for more detail.

Any expert panel meetings convened for the purpose of discussing a particular profiled
chemical/substance and the results of, or recommendations from, that meeting and their
relevance to the MRL in particular and public health in general shall also be briefly discussed in
Section 2.3. Similarly, any other factors relevant to MRL derivation which warrant specific

discussion or explanation should also be presented in such a paragraph.
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Inhalation MRLs

e AnMRL of  has been derived for (duration) inhalation exposure (14 days or

less) to [substance x].
Oral MRLs
e AnMRL of  has been derived for (duration) oral exposure to [substance x].

Directly under each heading (inhalation and oral) should be the bulleted statements (shown in
examples above) for the corresponding MRLs (order: acute, intermediate, and chronic). Under
each bullet, discuss the key study, effect level, and target organ of effect for which the MRL was
derived, and provide a brief description of studies that support the derivation or that provide

evidence for the sensitivity of the endpoint selected.

When MRLs have not been derived for a specific duration, the bullets of MRLs that do not exist
should be deleted. If MRLs have not been derived for a specific exposure route or duration
within the route, provide a concise and accurate justification for the lack of MRLs. This
information should be entered as paragraphs, not bullets. The explanation must be as clear as
possible; communication between the author, chemical manager, and MRL workgroup is

essential.
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CHAPTER 3. HEALTH EFFECTS

OVERVIEW

Chapter 3 summarizes information regarding the health effects of the substance. The
information is intended to be useful to community-level public health officials, physicians,
toxicologists, and concerned citizens. Therefore, in all sections, emphasis must be placed on
providing a synthesis and evaluation of the information available for each subsection, rather
than a detailed description of the studies. Scientifically prudent judgments, interpretations, and
reasoned speculations are both appropriate and desirable. Definition of more difficult concepts,
medical terms, or medical conditions should be provided in the text. In general, ATSDR prefers
to avoid the use of nonstandard acronyms (those not in Exhibit 25, which appears as Appendix C
in the toxicological profile). In cases where the text would flow better, certain terms that occur
routinely in Section 3.2 can be substituted with scientifically acceptable acronyms, which should
then be added to Appendix C of the toxicological profile. The acronym should be defined the

first time it is used.

Chapter 3 is divided into subsections, as follows.

3.1 INTRODUCTION

3.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE
3.3 GENOTOXICITY

3.4 TOXICOKINETICS

3.5 MECHANISMS OF ACTION

3.6 TOXICITIES MEDIATED THROUGH THE NEUROENDOCRINE AXIS
3.7 CHILDREN’S SUSCEPTIBILITY

3.8 BIOMARKERS OF EXPOSURE AND EFFECT

3.9 INTERACTIONS WITH OTHER SUBSTANCES

3.10 POPULATIONS THAT ARE UNUSUALLY SUSCEPTIBLE

3.11 METHODS FOR REDUCING TOXIC EFFECTS

3.12 ADEQUACY OF THE DATABASE

A detailed description of the appropriate content of each section is provided below.
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3.1 INTRODUCTION
This section begins with the following boilerplate.

The primary purpose of this chapter is to provide public health officials, physicians,
toxicologists, and other interested individuals and groups with an overall perspective
on the toxicology of [substance x]. It contains descriptions and evaluations of
toxicological studies and epidemiological investigations and provides conclusions,
where possible, on the relevance of toxicity and toxicokinetic data to public health.

A glossary and list of acronyms, abbreviations, and symbols can be found at the end of
this profile.

If additional introductory material is necessary (e.g., to clarify the topic of discussion if the
official title of the profile is potentially confusing), a brief discussion should be added. Note:
The decision as to what should be included in the text versus in the official title of the profile is
the responsibility of ATSDR. For profiles that only discuss some of the topics mentioned in the
title (e.g., when the title covers more than one substance or form of a substance (such as isomers,
mixtures, and compounds), clearly identify which forms will be discussed and why. This should
also be mentioned in Section 1.1 (What Is [Substance X]?). The introduction to this section
should also:
¢ Differentiate between forms of the substance or compounds discussed in the text.
¢ Define any acronyms or abbreviations that will be used to represent the substance(s)
or compound(s).
e Discuss any important information that the reader should consider in the overall
evaluation of the database.
e Provide a brief discussion of essentiality, if relevant. If the profile covers different
forms or compounds, the order in which these are discussed should be constant
throughout the profile.

3.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE
This section begins with the following boilerplate.

To help public health professionals and others address the needs of persons living or
working near hazardous waste sites, the information in this section is organized first
by route of exposure (inhalation, oral, and dermal) and then by health effect (death,
systemic, immunological, neurological, reproductive, developmental, genotoxic, and
carcinogenic effects). These data are discussed in terms of three exposure

periods: acute (14 days or less), intermediate (15-364 days), and chronic (365 days or
more).

The boilerplate continues as follows. Modify this information for profiles without LSE tables
and figures and for profiles covering radionuclides.
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Levels of significant exposure for each route and duration are presented in tables and
illustrated in figures. The points in the figures showing no-observed-adverse-effect
levels (NOAELS) or lowest-observed-adverse-effect levels (LOAELSs) reflect the actual
doses (levels of exposure) used in the studies. LOAELS have been classified into "less
serious" or "serious" effects. '"Serious' effects are those that evoke failure in a
biological system and can lead to morbidity or mortality (e.g., acute respiratory
distress or death). "Less serious" effects are those that are not expected to cause
significant dysfunction or death, or those whose significance to the organism is not
entirely clear. ATSDR acknowledges that a considerable amount of judgment may be
required in establishing whether an end point should be classified as a NOAEL, "less
serious' LOAEL, or "serious" LOAEL, and that in some cases, there will be
insufficient data to decide whether the effect is indicative of significant dysfunction.
However, the Agency has established guidelines and policies that are used to classify
these end points. ATSDR believes that there is sufficient merit in this approach to
warrant an attempt at distinguishing between "less serious' and "serious' effects.
The distinction between '"less serious' effects and "serious" effects is considered to be
important because it helps the users of the profiles to identify levels of exposure at
which major health effects start to appear. LOAELSs or NOAELS should also help in
determining whether or not the effects vary with dose and/or duration, and place into
perspective the possible significance of these effects to human health.

The significance of the exposure levels shown in the Levels of Significant Exposure
(LSE) tables and figures may differ depending on the user's perspective. Public
health officials and others concerned with appropriate actions to take at hazardous
waste sites may want information on levels of exposure associated with more subtle
effects in humans or animals or exposure levels below which no adverse effects have
been observed. Estimates of levels posing minimal risk to humans (Minimal Risk
Levels or MRLs) may be of interest to health professionals and citizens alike.

Make the following modifications to the next boilerplate paragraph as applicable.
Delete the paragraph if there are no cancer studies.

Remove the EPA unit risk information if there 1s no unit risk available.

e Where cancer effect levels (CELs) are provided in all tables, do not provide specific
table and figure numbers.

Where CELs are not provided in all the tables and figures, include the tables and
figures where they are provided. If all of these figures also have EPA unit risks,
then do not include the figure numbers again under unit risk.

Levels of exposure associated with carcinogenic effects (Cancer Effect Levels, CELs)
of [substance x] are indicated in Table(s) (provide specific table numbers) and
Figure(s) (provide specific figure numbers). Because cancer effects could occur at
lower exposure levels, (the) figure(s) (provide specific figure number if only one range
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is given) also show(s) a range for the upper bound of estimated excess risks, ranging
from a risk of 1 in 10,000 to 1 in 10,000,000 (10™ to 107"), as developed by EPA.

Add the following boilerplate unless no MRLs were derived.

Estimates of exposure levels posing minimal risk to humans (Minimal Risk Levels or
MRLs) have been made for [substance x]. An MRL is defined as an estimate of daily
human exposure to a substance that is likely to be without an appreciable risk of
adverse effects (non-carcinogenic) over a specified duration of exposure. MRLs are
derived when reliable and sufficient data exist to identify the target organ(s) of effect
or the most sensitive health effect(s) for a specific duration within a given route of
exposure. MRLs are based on non-cancer health effects only and do not reflect a
consideration of carcinogenic effects. MRLs can be derived for acute, intermediate,
and chronic duration exposures for inhalation and oral routes. Appropriate
methodology does not exist to develop MRLs for dermal exposure.

Although methods have been established to derive these levels (Barnes and Dourson
1988; EPA 1990), uncertainties are associated with these techniques. Furthermore,
ATSDR acknowledges additional uncertainties inherent in the application of the
procedures to derive less than lifetime MRLs. As an example, acute inhalation MRLs
may not be protective for health effects that are delayed in development or result from
repeated acute insults, such as hypersensitivity reactions, asthma, or chronic
bronchitis. As these kinds of health effects data become available and methods to
assess levels of significant human exposure improve, these MRLs will be revised.

The following boilerplate should appear in all profiles:

A User's Guide has been provided at the end of this profile (see Appendix B). This
guide should aid in the interpretation of the tables and figures for Levels of Significant
Exposure and the MRLs.

For profiles that include more than one form of a substance or compound in the text, but only
certain forms are entered in the LSE table or figures, a statement explaining the reason for this
should be provided after the boilerplate (see Set 9). If the decision affected the entire Chapter 3,
the discussion should go under the boilerplate in Section 3.1, and only the information that
pertains to Section 3.2 should be entered here. If the substance was administered in different
formulations (e.g., cis and trans mixtures) and quite a few different formulations were used,
consideration should be given to adding a table of formulations and their composition to the
introduction.

General Guidance for Section 3.2

The purpose of Section 3.2 is to specify the health effects associated with the substance and the
degree of certainty attached to that association. Reliable studies showing no effect or negative
data for a specific end point in which positive data exist should also be discussed. Where the
database is limited, studies that are not in the tables and figures should be presented and the
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limitations addressed. In cases where limitations exist, but the studies are still considered
reliable enough to include in the tables and figures, a brief explanation of the limitations should
be provided.

Emphasis must be placed on providing a synthesis and evaluation of the weight of evidence
available on each topic, rather than a detailed description of the studies in the LSE tables.
Scientifically prudent judgments, interpretations, and reasoned speculations are both appropriate
and desirable. The text should consist of conclusions and supporting data to determine whether
the effect occurs or not, and whether the data are reliable. Focus should be first on conclusions
about occurrence in humans followed by results observed in other species. Compare and
contrast effects observed in humans with those observed in laboratory animals (e.g., "These
effects are consistent with the observed renal toxicity of [substance x] in humans"). If data
permit, discuss the differences in exposure levels that produced effects in humans and animals
(i.e., whether the levels of effect are similar or whether there are large differences in
susceptibility to adverse effects). Do not discuss extrapolation of animal studies to humans in
this section; the appropriate place is Chapter 2 (Relevance to Public Health). Compare health
effects and effect levels for different species and strains, if relevant. This, along with the
toxicokinetic data in Section 3.3, should provide the basis for discussion of relevant species in
Chapter 2 and data needs in Section 3.10.

When information suggests that an effect occurs but the dose-response relationship is unclear,
discuss this issue in the text. For example, if there are two well-conducted studies, one which
reports renal tubular necrosis at 25 ppm and 250 ppm chronic exposure, and another which
reports no effect at 50 ppm and 100 ppm but records renal necrosis at 500 ppm chronic exposure,
present that information in the text. Repeating every NOAEL for sections in which there are a
lot of data is unnecessary. The lowest levels of effect within a duration and end point should be
provided. Differences in effects (type and level of occurrence) should be emphasized.
Differences between species, strains, and gender in the response to the substance should be
discussed if there is relevant variation. Consider physiological differences for humans, animals,
and strains when assessing effects. This is especially important in discussing strains used for
cancer studies. The exposure regimen (e.g., hour/day or days/week) need not be given for every
effect in the LSE tables and figures. However, terms such as "intermittent" and "continuous" for
inhalation and oral (water, food) should be used when describing the type of exposure. For oral
studies, discuss differences in effects observed that might or can be attributed to the method of
administration (food, capsule, water, gavage, bolus versus continuous) and vehicle used. The
discussion of studies and levels in which effects occurred should flow smoothly (i.e., information
should be used in context to support the conclusion). Feasible or well-accepted explanations of,
or reasons for, differences in toxicity that are provided by the authors of the studies should be
presented and the appropriate references cited. Use introductory statements to provide a
summary of the information under each heading or a summary paragraph to provide conclusions
on human and animal data (see Ninth Set Profile for Benzene for an example).

Important: Refer to General Guidance (Quality Criteria for Animal and Human Studies) and
Appendices C and D of this guidance when writing this section.

Text Organization
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As noted in the introductory boilerplate for Section 3.2, toxicity information should be organized
according to route of exposure. Most of the information describing reliable studies should be
included in the tables. Text should be reserved for conclusions, discussions, and explanations.
The following major headings should be used.

3.2.1 Inhalation Exposure

3.2.2 Oral Exposure

3.2.3 Dermal Exposure

3.2.4 Other Routes of Exposure

Other routes of exposure (e.g., intraperitoneal, intramuscular, subcutaneous) and in vitro studies
should be discussed in section 3.2.4. If no information exists, use the following boilerplate:

No studies were located regarding other routes of exposure to [substance x].

Unlike sections for inhalation (3.2.1), oral (3.2.2), and dermal (3.2.3), the information in section
3.2.4 Other Routes of Exposure should not contain headings. Only provide information on
health effects that augments the information presented in the sections for inhalation, oral, and
dermal exposures or that increases the understanding regarding pathogenesis of effects,
mechanisms of toxicity, etc.

Studies where more than one route exist (e.g., epidemiological studies) are discussed under the
principal route of exposure and cross referenced with other probable routes of exposure.
Consider what is known about the toxicokinetics of the compound when deciding where to place
this information.

If numerous studies suggest or establish a causal relationship but little information is available to
indicate a specific route or level of exposure, the organizational scheme can be modified to
present health effects in humans (exposure route unspecified) first. Where data on route are
limited for humans but blood levels or other forms of quantitative exposure information exist,
rearranging the organizational scheme will be necessary. The principal author should discuss all
proposed changes in format or anticipated problems with the categories with the contract editor,
chemical manager, and project officer. In all cases, the arrangement should attempt to provide as
much information as possible on effects in humans before discussing effects in animals.

For profiles covering elements and their compounds, effect levels in the text, tables, and figures
should be expressed in terms of the element. For example, text should read, "Rats received 3.18

mg silver/kg/day as silver nitrate" rather than "Rats received 5 mg/kg/day of silver nitrate."

Within each route of exposure, discussions should be presented according to effect, in the
following order.

3.2.1.1 Death
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3.2.1.2  Systemic Effects
Respiratory Effects
Cardiovascular Effects
Gastrointestinal Effects
Hematological Effects
Musculoskeletal Effects
Hepatic Effects
Renal Effects
Endocrine Effects
Dermal Effects
Ocular Effects
Body Weight Effects
Metabolic Effects
Other Systemic Effects (optional)
3.2.1.3  Immunological and Lymphoreticular Effects
3.2.1.4  Neurological Effects
3.2.1.5 Reproductive Effects
3.2.1.6  Developmental Effects
3.2.1.7  Cancer

Place each effect in one or several of the categories listed above. The unnumbered heading
"Other Systemic Effects" may be used to address effects not listed. If there is no data, do not

include it.

These categories have been chosen so that the figures and tables can be standardized. The term
"other" should be used in the tables and figures of Chapter 3 to refer only to "Other Systemic
Effects," as defined above. Where effects fall under more than one category, choose the most
appropriate category in which to discuss the effects and cross reference the discussion in the
other categories. For example, dermal sensitization could be considered both an immunological
effect and a dermal effect. Dermal sensitization should be addressed as a dermal effect and cross
referenced to the immunological effects. Sensitization reactions and the mechanism of the
allergic response should then be further discussed. If the chemical manager and principal author
feel that doing so provides a better picture of the toxic potential of the profiled substance, the
same effect can appear under more than one system category in the LSE tables and figures.

However, developmental studies where exposures occurred under prenatal (only) or prenatal and
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postnatal conditions should include effects to the developing organism or offspring under

"developmental" in the table and not under specific effect categories, such as neurological.

Dermal and ocular effects are addressed separately, and body weight changes, endocrine effects,
and metabolic effects have their own categories. Immunological effects include lymphoreticular

effects, and reproductive effects are presented before developmental effects.

If equivocal data exist for any of the unnumbered headings, this fact should be stated.

All numbered headings must appear, in order, even if there are no data. Use the following
boilerplate when no data are located for major headings under health effects (e.g., death,

systemic effects, immunological effects).

No studies were located regarding [health effect] in [humans and/or animals] after

[inhalation, oral, dermal] exposure to [substance x].

When no human or animal data are located for three or more major (numbered) headings in a

row, they may be collapsed in order.

No studies were located regarding the following [health effects] in [human or animals] after

[inhalation, oral, and dermal] exposure to [substance x]:

3.2.2.1 Death

3.2.2.2 Systemic Effects

3.2.2.3 Immunological and Lymphoreticular Effects
3.2.2.4 Neurological Effects

When no data are located for systemic (unnumbered) headings, these headings may be collapsed
in the order listed below. The boilerplate sentence should be inserted at the beginning of the

systemic section and the unnumbered headings should be deleted.
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No studies were located regarding cardiovascular, musculoskeletal, hepatic, renal, or

dermal/ocular effects in humans or animals after inhalation exposure to [substance x].

Within each effect, discussions should be organized by species (humans first, then animals);
within this breakdown, discussions should be organized by duration (acute, intermediate,
chronic). Information from human and animal studies should be presented in separate
paragraphs. Interpretive sentences, where possible, should be used to compare effects. If the
profile covers different forms or compounds in the health effect section, there should be
consistency in the order of presentation of the information. The organization should consider the
degree of information available for each form or compound, the categories in which the
compounds are grouped (e.g., inorganic versus organic, cis versus trans, trivalent versus
hexavalent), differences in toxicity, and the relationship of the substances discussed (e.g.,
metabolites). The organization should be carefully planned to present the least confusion to the

reader.

LSE Tables and Figures
Examples of LSE tables and figures are shown in exhibits 10, 11, and 12. A User's Guide for
these tables and figures (see Exhibit 13) should be included as Appendix B of the profile. (See

guidance for profile appendices for further information about the User's Guide.)

For profiles that include elements and compounds (e.g., a metal and its salts), the tables should
be titled "Levels of Significant Exposure to [Substance X]," and not "Levels of Significant
Exposure to [Substance X] and Compounds," because the exposure levels in the table are for the

metal.

For profiles discussing more than one substance, the principal author must discuss the
organization of text, tables, and figures with the contract editor, chemical manager, and project
officer prior to completion of the first draft and the consistency review. The organizational
scheme should allow for a clear and concise presentation of data. The amount of information
available, differences in toxicity, and mode of action should be considered in the arrangement

and presentation of information.
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The purpose of the LSE tables and figures is to show the following:

e The effects that are seen as exposure levels increase.
¢ The effects that are seen as exposure duration increases.
e Differences in response by species, strain, and sex.

e Levels of exposure to humans below which the risk of adverse effects is presumed to
be minimal (MRLSs) for effects other than cancer.

e CELs, where data permit.

e Effects that occur at concentrations less than those that result in 100% mortality.

LSE tables and figures are computer-generated based on the supplemental document. A table
should be generated for inhalation, oral, or dermal data and a figure should be created for
inhalation and oral data, even if limited data points exist. These tables and figures should be

presented in landscape format, with the table typeface matching other tables in the profile.

The tables and figures should be organized by effect, in the same order as described for Section
3.2 of the text. As in the text, the term "other" can be used in LSE tables and figures but should
refer only to "Other Systemic Effects" and should always appear (in the table) at the end of the
list of systemic effects. The term "other" must be defined in the text in parentheses after the

LOAEL. There are no NOAELs for Aother@ systemic effects. In the absence of related

endpoints, decreased food and water intake can be included under Aother@ systemic effects.

To facilitate clarity in presenting toxicologic data, please try to adhere to the following

guidelines.

e When studies were conducted using various forms of the compound (e.g., salts,
isomers, isotopes), the form used, if different from the column heading, should be
indicated in the reference column under the reference. The table headings should
indicate that doses (or exposures) were in mg [substance]/kg/day or mg
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[substance]/m’ (see Exhibit 11). In addition, chemical forms should be indicated in
the figure with an appropriate symbol or abbreviation.

¢ Provide all concentration and dose calculations in the supplemental document (see
guidance for the supplemental document). These will appear in the LSE table but
not in the LSE figure.

e Use the term "once" instead of "1 x/day" if the substance was only administered once
(e.g., one-day gavage LDsg studies). For inhalation studies and dermal studies
conducted for less than one day, use the actual time, e.g., 4 hr, 10 min.

e The oral LSE table should indicate the dosing method using appropriate abbreviations
(e.g., (F) feed, (W) drinking water, (G) gavage, (C) capsule, etc.). Indicate the
vehicle used for gavage dosing (e.g., ‘(GW) for water, (GO) for oil, (G) for not
specified. If the "neat" compound is used, discuss in the comment field.

e Separate Gd and 7-15 with a space, as Gd 7B15. This should be done for all specified
durations (e.g., Ld 14B18, ppd 28B41, 2 x/day).

e The age of the animal should be specified in the "Exposure duration/frequency”
category if the animal was exposed at times other than adulthood.

Examples:
5-10d
Ld 14-18 ppd 28-41,

where Ld = lactation day(s), ppd = post-parturition day(s).

e If pulse studies are used, describe the regimen under the "Exposure
Duration/Frequency" category and explain it fully under the description of study.

e Be consistent in the order in which entering information in the "Exposure
Duration/Frequency" category, e.g., total number of days, number of doses per day
(1 x/day, ad libitum, etc.), and condition in which exposure occurred (Gd 1-16, ppd
28-41).

¢ For developmental studies where exposures occurred under prenatal only or under
prenatal and postnatal conditions, effects to the developing organism or offspring
must be discussed under "developmental" in the table and not under specific effect
categories, e.g., neurological.

Parenthetical text in the effect column should be descriptive enough to delineate between less
serious and serious LOAELs. When presenting a health effect that occurs with varying severity,
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the text should clearly describe the degree or magnitude of the effect (e.g., hepatic, less serious
LOAEL of "small, infrequent foci of necrosis with no biochemical or functional alterations";
hepatic, serious LOAEL of "frequent focal and coalescing areas of necrosis with markedly
elevated SGPT and SGOT"). Include all adverse effects noted under the end point. If the study
shows both less serious and serious effects at the same dose level for the endpoints, put all the
effects under the serious category.

e Clearly define the endpoint effect(s), and do not use "generic descriptions." Avoid
nonspecific terms such as degeneration, severe signs of neurotoxicity, necrosis,
neurological effects, CNS effects, fatty changes, and the like. For example, rather
than "increased enzyme activity," specify "increased levels of SGOT, SGPT . . . ."

e The classification of endpoints should agree with the guidance. There should be

consistency with respect to calling certain end points less serious and serious (see
Tables 3-1— 3-17).

¢ For developmental studies, including those conducted during lactation, indicate if the
effects were to the dam or fetus if it is not intuitively obvious (e.g., delayed vaginal
opening in pups, increased heme synthesis in dams).

e [f available, include percentages or ratios for effects that may occur with varying

incidence or magnitude (e.g., percent resorption, percent decrease in body

weight/body weight gain and number of deaths/number of test animals).

Presentation of Levels (Units, Dose)

Within the inhalation and oral sections of the profile, data on NOAELs and LOAELSs are
summarized in LSE tables and figures. Within the dermal section, data on NOAELs and
LOAELSs are summarized in an LSE table only; no LSE figure should be prepared for dermal
data. All levels should be expressed as concentrations (air), administered dose (oral), or applied
dose (dermal). Do not attempt to estimate absorbed dose. Where absorbed dose or dose to
specific organs is estimated by the author of the study, it may be appropriate to include this in
the text of the profile. If conversion from concentration in food or drinking water to estimated
daily dose is required, and the necessary information (e.g., body weight, food or water
consumption) cannot be obtained from the reference, refer to the following document for
standard assumptions: EPA. 1988. Reference values for risk assessment. Prepared for the
Office of Solid Waste, Washington, DC. Cincinnati, OH: Environmental Criteria and
Assessment Office. ECAO-CIN-477.
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Use mg/m’ or ppm for inhalation as appropriate (ppm for gases, mg/m’ for particulates) and
mg/kg/day for ingestion. (If necessary use pg, ng, or another unit, instead of mg to keep dose
information in the whole-number range.) For profiles covering compounds, all salts should be
converted to the parent substance, and the information should be expressed in the table as units
of parent compound (e.g., mg Cr/m’ and mg Cr/kg/day, for chromium). Refer to guidance on
MRLs and the supplemental document for information on conversions. For the oral and
inhalation routes, the units should be the same as that specified in the column heading. An
exception may be made for dermal exposure. The data for dermal exposure are often in different
units and often conversions are often not possible or useful (i.e., either by using information
presented in the reference or by standard conversions). For dermal exposure records, remove the
units in the column heading and enter the units for each level in the table beside the level. All
calculations and conversions must be double checked. This should be done during

preparation and quality control of the supplemental document.

What To Include in the LSE Tables and Figures

e Studies that lack quantitative estimates of NOAELs or LOAELSs, or that are not
reliable, should not be included in LSE tables and figures. Important: Refer to
General Guidance (Quality Criteria for Animal and Human Studies) and
Appendices C and D of this guidance when writing this section. All data in the
inhalation and oral LSE tables must be plotted on the corresponding LSE figures.
Dermal, which do not have an accompanying LSE figure.

¢ Do not define NOAELSs for death. For studies in which death occurred, provide the
number of animals that died (e.g., number of deaths/number of test animals).

¢ For data-poor substances, plot all reliable NOAELs, LOAELs, and CELs that are
available for the substance. For data-rich substances, identify NOAELs and
LOAELSs for each specific effect, species, and duration (and, where applicable, each
compound) from the available studies that satisfy the criteria in Attachment C
(Evaluating the Quality of a Toxicological Study). After selecting the studies to be
used in the LSE tables and figures, plot only the highest NOAEL values and all
LOAEL values for each specific effect, species, duration, and compound for each
study.

¢ Within each duration category (acute, intermediate, chronic), when duration is the
only variable between two or more studies, include the study with the shortest
duration for an observed effect.
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Example: A

INTERMEDIATE EXPOSURE
Exposure Frequency Effect Level Effect
A) Rat 50 mg/kg/d 14 LOAEL Tubular necrosis
wk
B) Rat 50 mg/kg/d 15 LOAEL Tubular necrosis
wk

In the above example, use study A.

Including Sex Differences in Exposure Levels and/or Effects in LSE Tables and Figures

There are four conditions in which sex differences must be indicated in the tables.

Where males and females were exposed or dosed at the same or different levels and
definite differences were observed between the sexes with regard to effects
and/or level of effect. (See Example A that follows).

e Where different doses (accounting for differences greater than 10%) were used for
males and females. For example, for male rats dosed at 50, 180, and 320
mg/kg and for female rats dosed at 30, 125, and 280 mg/kg, results should be
reported as shown in Example B.

e Where only one sex was examined, the sex should be entered after each level in the

table, e.g., 0.1 M (increased RBC, WBC).

e Where both sexes exhibited only NOAELSs for a certain end point, only the sex
showing the highest NOAEL is indicated (See Example C).

Example A. Where the sexes showed different effects at different levels, the effects

and levels are entered as follows.
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NOAEL LOAEL LOAEL (serious)
Neurological 180 M 320 M (excitability) 30 F (convulsions)

Example B. Where both sexes showed similar effects but at different levels, the
effect and levels are entered as follows.
NOAEL LOAEL
Respiratory 50 M 180 M (alveolar hyperplasia and increased lung
weight)
125 F 280 F

Example C. Where both sexes exhibited only NOAELSs for a certain endpoint, only
the sex showing the highest NOAEL is indicated.
NOAEL LOAEL
Renal 320M

In all cases, the sex of the animal should be entered one space to the right of the level, using "M"

to indicate male and "F" to indicate female. (See Examples A, B, and C above.)

e When entering this information in an LSE figure, choose the most sensitive gender
(i.e., the one with the lowest LOAEL) and enter this LOAEL and the
corresponding NOAEL for the same sex. In Example B above, the following
levels for the male should be entered: NOAEL of 50 and LOAEL of 180. In
Example A above, only the serious LOAEL for the female should be entered.
The gender of the animal is not specified in the LSE figure.

Where sex differences are indicated in an LSE table but not in the corresponding LSE
figure, use the following boilerplate (or a modification thereof) as footnote b (after
footnote a which states "The number corresponds to entries in Figure 3— ).
Differences in levels of health effects and cancer effects between males and
females are not indicated in Figure 3— . Where such differences exist, only the
levels of effect for the most sensitive gender are presented.

Including the Strain in the LSE Table

The strain of the species should be noted in parentheses under the "species" entry of the table, as

shown below.
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Species

Rat
(Wistar)

The strain should not appear in the LSE figure.

Cancer

When cancer is the endpoint, plot the lowest exposure levels associated with increased tumors in
experimental or epidemiological studies; these are termed CELs, rather than LOAELs. Note: In
some cases, it may be appropriate to use levels that are NOT statistically significant, because the
resolving power of the study may be insufficient to capture cases where tumors are historically
rare. Discuss this fact with the chemical manager. Do not include NOAELSs for cancer, either in
the LSE table or the LSE figure, although doses not causing measurable cancer increases should
be mentioned in the text. When providing CELs in an LSE table, include the cancer effect(s),
e.g., 25 (CEL: liver tumors), 10 (CEL: acute myelogenous leukemia).

If different cancer effects were observed at levels higher than the lowest CEL, both levels and

effects should be included in the table. List the lower CEL first.

10 (CEL: lymphoma)
50 (CEL: oral cavity tumor)

Also plot the range associated with the upper bound for an individual lifetime cancer risk of 10
to 107, as derived by EPA's Human Health Assessment Group through the ql* methodology.
Label this range "Estimated Upperbound Human Cancer Risk Levels" (see LSE figures, Exhibit
12). In some cases, EPA has extrapolated ql*s from one route to another. In other cases, such
extrapolations have not been made. Plot the ranges for the second and third routes of exposure if

and only if EPA has done the extrapolation. Contractors should not derive g; s on their own.

Specific Guidance for LSE Figures

At the bottom of each page of each LSE figure, provide a key to the LSE figure "2," "3," etc.
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Next to each point plotted on the LSE figure, indicate the following information.

e The number of the study as shown in the corresponding LSE table.
e Species, using the following abbreviations. (Abbreviations used in the figure should
be listed in the key in this order)

k = monkey

r = rat

m = mouse

g = guinea pig
s = hamster
d=dog
c=cat

h = rabbit ("hare")
p =pig

f = ferret

n = mink

a = sheep

e = gerbil

C = COW

x = chicken

j = pigeon

o = other

The key should show effects, using the following symbols.

Squares for LDsy or LCs values

Circles for data from animals

Triangles for data from humans

Half-filled symbols for LOAELSs for "less serious" effects
Black symbols for LOAELSs for "serious" effects

Open symbols for NOAELs

Black diamonds for CELs in animals

Black inverted triangles for CELs in humans

MRL symbols

Vertically align dots in LSE figures to clarify existing dose-response relationships for a
particular species and to group effects appropriately (e.g., a LOAEL should be above the
corresponding NOAEL).
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When CELs are presented in the LSE figure, place an asterisk on the "Cancer" heading and add
the following footnote to the key of the figure.

*Doses represent the lowest dose tested per study that produced a tumorigenic
response and do not imply the existence of a threshold for the cancer endpoint.
See the sample LSE tables and figures in Exhibits 10, 11, and 12 for illustrations of the content

and the appearance of these items.

Relationship Between LSE Tables/Figures and Profile Text

The text should not simply repeat information in LSE tables. Rather, the text should focus on a
weight-of-evidence evaluation of whether the effect does or does not occur in humans or
animals. All studies in LSE tables and figures should be discussed (or at least referred to, if
the substance is data-rich) in the text. Discussion should include any reliable studies that
provide qualitative data but were not included in the LSE table due to lack of quantitative data.
The identified limitations should be included in the text and the supplemental document.
Epidemiological studies and case reports often fall into this category. For data-poor substances,
include a discussion of the strengths and weaknesses of the available data on a study-by-study
basis. For data-rich substances, provide a more general discussion of the strengths and
limitations of the available data, presenting an overall sense of the weight of evidence. Discuss
whether different data sets are quantitatively similar, or whether NOAEL and LOAEL estimates
vary widely between studies or species. If estimates vary widely, discuss likely or possible

reasons.

In the text, refer to the LSE table and/or figure in each effect section. Use the following
boilerplate at the beginning of the section on systemic effects and at the end of all other sections

for which there are data in the LSE table.

The highest NOAEL values and all LOAEL values from each reliable study for
(endpoint) in each species and duration category are recorded in Table 3-  and

plotted in Figure 3- .
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When used, this statement should be modified to reflect the values accurately.

Note: In the Systemic Effects section, reference to the LSE table and figure often follows the
introductory statement on the categories for which no studies were located. When this occurs,
use a transitional statement, e.g., "The systemic effects observed after oral exposure are

discussed below." The next sentence should refer to the tables.

Relationship Between LSE Tables/Figures and Profile Text for MRLs

Each data point used to derive an MRL is marked with a dashed line and an anchor symbol in the
LSE figure and with a footnote in the LSE table. The footnote should use language patterned

after the following examples.

e Example 1COral LOAEL in animals where dose has been adjusted for
intermittent exposure:

Used to derive an intermediate oral minimal risk level (MRL) of
mg/kg/day; dose adjusted for intermittent exposure and divided by an
uncertainty factor of 1,000 (10 for use of a LOAEL, 10 for extrapolation
from animals to humans, and 10 for human variability).

e Example 2CInhalation NOAEL in humans where dose has been adjusted for
intermittent exposure:

Used to derive an acute inhalation minimal risk level (MRL) of _ ppm;
dose adjusted for intermittent exposure and divided by an uncertainty
factor of 10 (for human variability).

e Example 3CInhalation NOAEL in animals:

Used to derive a chronic inhalation minimal risk level (MRL) of _ ppm;
dose converted to an equivalent concentration in humans and divided by an
uncertainty factor of 100 (10 for extrapolation from animals to humans and

10 for human variability).

If more than one footnote for MRLs exists in a table, only spell out minimal risk level (MRL) the

first time the phrase is used; thereafter, use the abbreviation.
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The MRL should also be explicitly described in the appropriate location in the text, using

language patterned after the following.

Based on this value, an acute oral MRL of 10 mg/kg/day was calculated as described

in the footnote to Table 3-2 and in Appendix A.

Classification of Endpoints as NOAELSs and Less Serious and Serious LOAELSs

The judgment of whether an endpoint is a NOAEL or a LOAEL depends in part upon the
toxicity that occurs at other doses in the study or in other studies, and in part upon knowledge
regarding the mechanism of toxicity of the substance. ATSDR defines the term "adverse health
effect" in its Biennial Report, Volume II, to the Assistant Secretary for Health, U.S. Public
Health Service: "a harmful or potentially harmful change in the physiologic function,
physiologic state, or organ structure that may result in an observed deleterious health outcome
[which] may be manifested in pathophysiologic changes in target organs, psychiatric effects, or
overt disease." This definition is interpreted to indicate that any effect that enhances the
susceptibility of an organism to the deleterious effects of other chemical, physical,

microbiological, or environmental influences should be considered adverse.

All LOAELSs should be identified in LSE tables and figures as "less serious" or "serious." In
general, a dose that evokes failure in a biological system and can lead to morbidity or mortality
(e.g., acute respiratory distress or death) is referred to as a serious LOAEL. For additional
assistance regarding differences between less serious and serious effects, refer to "Guidance for
the Derivation of MRLs," which appears later in this section. ATSDR acknowledges that a
considerable amount of judgment is required in this process and that, in some cases; there will be
insufficient data to decide whether or not an effect will lead to significant dysfunction. The
chemical manager can help decide such questions by bringing knowledge of ATSDR's policies to
the discussion. The distinction between less serious and serious is intended to help the users of
the document see at what levels of exposure "major" effects begin to appear, and whether the
less serious effects occur at approximately the same levels as serious effects or at substantially

lower levels of exposure. ATSDR recognizes the difficulties in the use of LOAELSs for this
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purpose, particularly when species and dosing regimens are different and the doses are displayed
as administered doses rather than absorbed doses. Nonetheless, ATSDR believes that there is
sufficient merit in the approach to warrant an attempt at distinguishing between less serious and
serious effects. The classification of an effect as less serious or serious is also important because

the Agency's practice is not to derive MRLs from serious LOAELSs.

When assessing the relevance (to humans) of observed effects, be aware of lesions that may be
species related (e.g., nephropathy and renal tumors in the male rat associated with alphay,-
globulin; spontaneous disorders such as chronic progressive nephropathy in the rat; the typically
high incidence of mammary fibroadenoma in the rat; nodular hyperplasia of the adrenal cortex,
liver, and spleen in aging dogs; the extramedullary hematopoiesis that may normally persist

throughout the life of mice).

The following classification scheme provides more definitive guidance for the development and

standardization of supplemental document and LSE tables and for the derivation of MRLs.

No Adverse Effects

e Weight loss or decrease in body weight gain of less than 10%.

e Changes in organ weight of non-target organ tissues that are not associated with
abnormal morphologic or biochemical changes (see guidance on "Assessment of
Organ Weight Change").

¢ Increased mortality over controls that is not significant (p>0.05).

e Some adaptive responses (see guidance on "Assessment of Hepatic Adaptive

Responses").

Less Serious Effects

e Reversible cellular alterations at the ultrastructural level (e.g., dilated endoplasmic
reticulum, loss of microvilli, myelin figures) and at the light-microscopy level (e.g.,
cloudy swelling, hydropic degeneration, fatty change).

e Necrosis (dependent upon location, distribution, and magnitude), metaplasia, or
atrophy with no apparent decrement of organ function.

e Serum chemistry changes (e.g., moderate elevations of SGOT, SGPT).
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¢ Organ weight change in known target organ tissue that is not associated with
morphologic or biochemical alterations (see "Assessment of Organ Weight Change").

e Weight loss or decrease in body weight gain of 10-19% (assuming normal food
consumption).

e Some adaptive responses (see "Assessment of Hepatic Adaptive Responses").

Transitional Effects (Between Less Serious and Serious)

Note: Some effects (such as necrosis, atrophy, metaplasia, and serum chemistry alterations)
could be classified as less serious or serious based on their reversibility, the organ affected, or

the degree of associated dysfunction.

Serious Effects

e Death.

¢ Clinical effects of significant organ impairment (e.g., convulsions, icterus, cyanosis).

e Morphologic changes in organ tissues that could result in severe dysfunction (e.g.,
marked necrosis of hepatocytes or renal tubules).

e Weight loss or decrease in body weight gain of 20% or greater (assuming normal food
consumption).

e Serum chemistry changes (e.g., major elevations of SGOT, SGPT, BUN).

e Major metabolic effects (e.g., ketosis, acidosis, alkalosis).

e Cancer effects.

To provide more specific guidance and encourage more consistent MRL derivation, seventeen
system categories are presented below in greater detail. Effects within the system categories are
also discussed below and classified as less serious or serious in Tables 3-1—3-17. The LOAEL
descriptor that appears in the LSE tables of the profile should be modeled after the terminology
used in these tables. Avoid terms that are vague or nonspecific (e.g., CNS depression, ECs, for

behavioral effects, and CNS toxicity).

System Categories: General Issues
The discussion within each effect category should focus on the primary site of attack of the
substance or compound. Example: For neurological effects, are the effects more motor, sensory,

or cognitive? Consider all effects in this regard, i.e., where did the effect occur? Always

DRAFT-Do Not Cite or Quote-DRAFT
66



indicate if the effects occurred only in animals that died. Maternal toxicity should always be

indicated if it occurred in developmental studies.

When presenting human studies, include the cohort size, follow-up period, and the incidence of
the effects. The incidence of effect and/or severity should also be mentioned in the text for
animal and human studies wherever confusion could arise regarding the interpretation of
concentration or dose responses (e.g., if a concentration or dose response is noted in the text but

not in the table, provide the evidence).

Death

e The section under "death" should address whether increased mortality has been
observed in human or animal studies and, if so, what was the cause of death. If from
cancer in human studies, state that retrospective mortality studies associating
exposure with cancer are discussed in Section 3.2. . .

e Deaths should always be classified as “serious LOAELs” and NOAELSs are not used.
If an article does not provide data on the mortality of animals, do not discuss this
article in the death section. If an article provides data regarding the mortality of
animals and no animals died, this can be discussed as “no deaths occurred.” For
studies which provide a range for an LDs, the lowest dose should be used for the
LSE table and figure LOAEL (do not put in ranges).

Systemic Effects

Assessment of Organ Weight Change. Organ weight change is considered to be an adverse
effect if observed in a known target organ. For the purpose of MRL derivation, organ weight
change in a known target tissue is considered as a minimal LOAEL (uncertainty factor of 3
applied) if the response is associated with no other alterations (morphologic, biochemical); organ
weight change in this case may be representative of early-stage adverse effects. Increased liver
weight following exposure to known hepatotoxins is a good example of such an effect. Changes
in the organ weight of nontarget organ tissues that are not associated with morphologic or

biochemical alterations are not considered to be adverse effects.
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Increased lung weight may be the result of pulmonary edema. In this case, the effect would not
be treated as minimal. Similarly, decreased organ weight may be associated with severe atrophy
with resulting deterioration of organ function (e.g., testicular, ovarian, or thymic atrophy). In
assessing the nature and significance of changes in organ weight, use data provided in the study

along with sound scientific judgment.

LOAELSs should not be based on changes in absolute organ weight in the absence of body weight
information. If body weight information is provided and there are no body weight effects, either

absolute or relative organ weight changes can be used as the basis for LOAELSs.

If body weight is reduced, then a decrease in absolute organ weight could reflect a body weight
reduction or it could be an effect all by itself. If relative organ weight is not provided, do not
base a LOAEL on absolute organ weight change unless other supporting data is provided; if
relative organ weight is provided and it is significantly decreased, then decreased absolute organ
weight may be used for a LOAEL. If body weight is reduced and absolute organ weight is
increased, then this increase is probably real (and may be used as a LOAEL). If absolute organ
weights do not differ, but there is dose-related decrease in body weight, then there would appear
to be an increase in relative organ weight in the treated group; do not report a LOAEL for the
increased relative weight. Changes in body weight, absolute organ weight, and relative organ

weight all need to be assessed before it can be decided whether an organ weight change is real.

Maternal Effects. Systemic effects (as well as immunological/lymphoreticular, neurological,
death, or cancer) which occurs in the dam should be discussed under their respective effect
categories, rather than under “reproductive.” However, it should be clearly stated in the
discussion that these effects occurred to the dam (e.g., “decreased maternal body weight gain” or

“convulsions in dams”, etc.).

Dose-response and LOAELSs. If an adverse effect occurs at all dose levels, but it is only
statistically significant at the low dose (and not the high dose), scientific judgment must be used
to determine if the lowest dose should be considered a LOAEL. If all dose levels significantly

affect an endpoint, but there is no clear dose-response relationship, the lowest dose level might
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be a LOAEL. It is possible that a lower incidence of intensity of effects (such as cancer or other
histopathological lesions) at the high dose is due to increased mortality at the high dose and more
animals may have developed the lesion had they lived, or the maximum response was already
achieved with the lowest dose level. It is also possible that the effect may be due to a saturated

enzyme or pathway at the high dose, or the effect could be a spurious result.

Adaptive responses are generally considered to be effects that enhance an organism's
performance as a whole and/or its ability to withstand a challenge (i.e., homeostatic
mechanisms). However, the boundary between an adaptive and toxic response is not always
well delineated. Adaptive responses in effect may result in changes that are beneficial or
potentially detrimental to the host. Hypertrophy of skeletal muscle in response to an increased
work load is an example of an adaptive change that would be expected to prove beneficial to the
host. Metaplasia may be considered an adaptive response, but the predictive value for lesion
progression and secondary effects on other organs is not always clear. The morphologic term
metaplasia does not give any information concerning the biological significance of such a
change. If metaplasia occurs in the pancreasCfor example, squamous metaplasia of pancreatic
ducts associated with exposure to a test substanceCit does not interfere with pancreatic function.
However, if squamous metaplasia occurs in the tracheal epithelium, it may interfere with normal
respiratory defense functions. Therefore, assessment of the biological significance of an
adaptive response is most appropriately made on a case-by-case basis in conjunction with the

Chemical Manager.

Respiratory Effects

Respiratory effects include any effects related to the respiratory system and its functioning. This
includes effects to the lung, trachea, and nasal cavity. Examples of specific respiratory effect

endpoints are listed and classified as less serious or serious in Table 3-1.

Table 3-1. Respiratory Effect Endpoints

Effect Less Serious Serious
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Tachypnea (rapid, shallow respiration) + +

Dyspnea (labored breathing) + n
Wheezing n
Pulmonary edema n
Altered lung function (changes in respiratory volume, +

forced vital capacity, etc.)

Lung congestion +

Lung or nasal irritation +
Hemothorax (blood in the pleural cavity) +
Bronchitis + +
Rales (abnormal respiratory sounds) +

Cardiovascular EffectsCardiovascular effects include any effects related to the heart and

circulatory system and its functioning. Examples of specific cardiovascular effect endpoints are

listed and classified as less serious or serious in Table 3-2.

Table 3-2. Cardiovascular Effect Endpoints

Effect Less serious Serious
Altered blood pressure (increased or decreased) + +
Bradycardia (slowed heart beat/pulse) + +
Tachycardia (excessively rapid heart beat) + +
Cardiac arrest +
Myocardial edema +
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Myocarditis +

Altered prothrombin time +

Palpitations + +

Gastrointestinal Effects

Gastrointestinal effects include any effects related to the digestive system. This includes effects
on the esophagus, stomach, and small and large intestines. Some pancreatic effects are reported
as gastrointestinal (see Endocrine Effects below). Examples of specific gastrointestinal effect

endpoints are listed and classified as less serious or serious in Table 3-3.

Table 3-3. Gastrointestinal Effect Endpoints*

Effect Less serious Serious
Diarrhea* +
Emesis (vomiting) +
Ulceration +
Constipation +
Nausea +

* For diarrhea and emesis, these effects could be serious if they occur for a long length of time

Hematological Effects

Hematological effects include effects related to blood chemistry and hematology. Examples of
specific hematological effect endpoints are listed and classified as less serious or serious in Table

3-4.
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Table 3-4. Hematological Effect Endpoints

Effect Less serious Serious
Anemia + +
Cyanosis +
Erythrocytopenia (erythropenia) + +
Altered hemoglobin (increased or decreased) +
Altered hematocrit (increased or decreased) +
Leukopenia +
Thrombocytopenia +
Increased erythrocytes + +
Bone marrow hyper or hypoplasia +
Decreased bone marrow cellularity +

Musculoskeletal Effects

Musculoskeletal effects are those related to the muscles and skeletal system and its functioning.

Examples of specific musculoskeletal effect endpoints are listed and classified as less serious or

serious in Table 3-5.

Table 3-5. Musculoskeletal Effect Endpoints

Effect

Less serious

Serious

Loss of muscle tone or strength

+
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Muscular rigidity +

Muscular atrophy +
Arthritis +
Altered bone density +
Arthralgia (joint pain) +

Hepatic Effects

Hepatic effects are those related to the liver and its functioning. Additionally, effects to the

gallbladder should be discussed under “hepatic effects.”

In the liver, exposure to many substances may result in adaptive changes that are characterized
by induction of the mixed function oxidase enzyme system and proliferation of smooth
endoplasmic reticulum; other changes that may be observed include hepatocellular hypertrophy,
cytoplasmic eosinophilia, increased organ weight, and liver enlargement. Modifications
occurring in the mixed function oxidase system as a consequence of the adaptive response may
potentiate or inhibit toxic responses to other exogenous substances. Agents that induce chemical
metabolizing enzyme systems generally tend to potentiate hepatic injury produced by
compounds such as chloroform, carbon tetrachloride, or halothane. For ATSDR, this is an
especially important concept to consider because, in addition to the specific chemical causing

adaptive changes, there is the potential for exposure to many other substances at NPL sites.

The borderline between adaptive physiology and toxicity (functional impairment) is not always
well delineated. The following guidance provides general direction for assessing hepatic
adaptive responses; although this guidance will be appropriate in most cases, there may be
exceptions. However, for the purpose of assessing the biological significance of adaptive
responses in the liver, the following criteria should be used: Biochemical changes characterized
by induction of enzymes of the mixed function oxidase system along with morphologic changes

of hepatocellular hypertrophy and proliferation of smooth endoplasmic reticulum should be
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considered potentially adverse and should be classified as a less serious LOAEL. Other

supportive changes that may be observed include increased organ weight, hepatic enlargement,

and accentuated cytoplasmic eosinophilia. To maximize the accuracy of assessing hepatic (or

other) adaptive responses, in addition to the guidance given here, this interpretive process must

be accompanied by insightful case-by-case analysis.

Examples of specific hepatic effect endpoints are listed and classified as less serious or serious in

Table 3-6

Table 3-6. Hepatic Effect Endpoints

Effect Less serious Serious

Altered liver enzymes +
Hepatomegaly (enlargement of the liver) +
Porphyria (disturbance of porphyrin metabolism) +
Hepatocyte vacuolization +

Congestion of liver + +

Hepatic necrosis +

Cirrhosis +
Jaundice +

Gall bladder effects + +

Fatty changes in liver + +

Hepatocellular degeneration + +

Renal Effects
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Renal effects include any effects related to the kidneys and their functioning. Additionally,
effects to the urinary bladder should be discussed under Arenal effects.@

Interpretation of Renal Pathology in the Male Rat. The chapter-specific guidance given
here must be read in conjunction with Attachment G (Interpreting Renal Pathology in the
Male Rat).

Alpha,,-Globulin Induced Renal Pathology in Male Rats. Nephropathy and renal tumors
associated with chemicals that induce accumulation of ay,-g appear to be unique responses of the

male rat. Therefore:

e Nephropathy in the male rat that is associated with o,,-g accumulation should not be
used as an endpoint for quantitative non-carcinogenic risk assessment (MRL
derivation).

e Renal tubule tumors in the male rat that are associated with ay,-g accumulation should
not be used to support qualitative weight of evidence that a chemical poses a cancer
risk in humans; these endpoints also should not be used for dose-response

extrapolations that estimate human cancer risk.

Kidney effects data related to ay,-g accumulation in the male rat should be discussed in the
profile and included in the LSE tables (even though it may not be used for MRL derivation).
However, the association of renal lesions to 0,,-g accumulation and the relevance (or
irrelevance) of these endpoints to risk assessment (human extrapolation) should be clearly

discussed.

Chronic Progressive Nephropathy. Chronic progressive nephropathy (CPN) in the aging male
rat can complicate the interpretation of other renal lesions. However, nephropathy in the male
rat that is not attributable to either CPN or a;,-g accumulation may provide endpoints that are
suitable for consideration in the risk assessment process, particularly if similar effects are seen in
female rats, mice, or other species. Lesions related to CPN in exposed rats should not be used as

endpoints in quantitative risk assessment (MRL derivation), with some exceptions. Lesions of
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CPN in exposed rats may be considered as potential endpoints for estimating noncarcinogenic
risk if exposed male and female or only female” rats have CPN lesions that exhibit a clearly
defined dose response. More specifically, with increasing exposure doses there should be a
progressive significance of CPN lesions as characterized by (1) an earlier age of onset, (2)
increasing severity, (3) an increased frequency of animals affected. (One or any combination of
these three items may be present.) Observation of renal effects in other similarly exposed

species contributes to the weight of evidence in these cases.

In cases where the above criteria are met, NOAEL values for lesions of CPN can be considered
for quantitative risk assessment. A NOAEL in this situation is defined as a test dose that
produces no statistically significant enhancement of CPN lesions compared with the controls.
The effect description for NOAEL values should read "no enhancement of CPN in females" (and
males, if appropriate). At those doses where enhancement of CPN lesions is observed, effects
should be classified as less serious LOAELSs or serious LOAELSs, depending upon their
magnitude. Less serious LOAEL values can be considered for MRL derivation if NOAELSs have
not been identified. The effect description for LOAEL endpoints should read, "dose-related

enhancement of CPN in females" (and males, if appropriate).

Examples of specific renal effect endpoints are listed and classified as less serious or serious in

Table 3-7.

Table 3-7. Renal Effect Endpoints

Effect Less serious Serious
Fatty degeneration of tubules +
Altered blood urea nitrogen (BUN) +
Urinary bladder effects + +

“In untreated rats, CPN is typically much more severe in males. If exposed females exhibit a dose response, such
a pattern may be obscured in the exposed male rat due to the severity of the lesion.
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Altered urinary creatinine +

Proteinuria (excess of serum proteins in urine) +
Renal tubular degeneration + +
Decreased urine volume (not associated with decreased +

water intake)

Hematuria +

Hemoglobinuria +
Renal tubular casts +

Tubular necrosis + +

Endocrine Effects

Endocrine effects involve ductless hormone-secreting glands that includes the hypothalamus,
pituitary gland, adrenal glands (including the adrenal cortex and medulla), thyroid glands,
parathyroid glands, and the pancreatic islets. Examples of endocrine effects include adrenal
cortical atrophy, pituitary hypoplasia, thyroid hyperplasia, and adrenal calcification. Functional
changes involving hormonal deficiency or excess (e.g., deficiency of T4 and T4
[hypothyroidism], excess of cortisol [hyperadrenocorticism], and excess parathyroid hormone
[hyperparathyroidism]) also fall in this category. Although the ovaries and testes have endocrine
functions, for reasons of consistency always categorize effects involving these organs as

reproductive effects.

The pancreas is both an endocrine and an exocrine organ. As an exocrine organ, it is considered
to be part of the digestive system (secretion of digestive enzymes via the pancreatic duct into the
duodenum), and as an endocrine organ (secretion of insulin) it is an endocrine organ (obviously).
The pancreas should be discussed under “Endocrine Effects” unless it is known that the effect
involves the external secretions of digestive enzymes; under those circumstances, it would be

discussed under “Gastrointestinal Effects.”
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Examples of specific endocrine effect endpoints are listed and classified as less serious or serious
in Table 3-8.
Table 3-8. Endocrine Effect Endpoints

Effect Less serious Serious

Alternations of serum adrenocorticotropic hormones + +
Decreased thyroid, pituitary or adrenal function +
Goiter (enlargement of thyroid gland) +

Pituitary hypoplasia + +

Thyroid hyperplasia + +

Adrenal calcification + +

Pancreas effects + +

Adrenal cortical atrophy + +

Dermal Effects

Dermal effects include those related to the skin and its functioning. It should be noted that while
dermal sensitization could be considered both an immunological effect and a dermal effect, it
should be addressed under “dermal effects” and cross referenced to immunological effects.
Sensitization reactions and the mechanism of the allergic response should then be further

discussed.

Where dermal effects are noted upon exposure to a substance in air and where these effects are
not considered to be true systemic effects but due to the direct action of the substance (i.e.,
irritation) on the skin, these effects should be mentioned briefly under inhalation and further

elaborated under dermal exposure. State under the inhalation section that the effects were due to
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direct contact of the skin with the vapor and that other dermal effects resulting from direct

contact are mentioned in Section 3.2.3. The data should then be presented in the dermal LSE

table. Reference to the study in the dermal section should clearly state that the animal was

exposed to the substance via air.

Examples of specific dermal effect endpoints are listed and classified as less serious or serious in

Table 3-9.

Table 3-9. Dermal Effect Endpoints

cell layer of epidermis)

Effect Less serious Serious
Dermatitis +
Edema (swelling) +
Erythema (redness of skin) +
Hyperkeratosis (hypertrophy of corneous layer of skin) +
Ulceration +
Itching +
Rash +
Acne +

Necrosis of skin + +

Acanthosis (diffuse hyperplasia and thickening of prickle- +

Ocular Effects
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Ocular effects are those related to the eyes and their functioning. Examples of specific ocular

effect endpoints are listed and classified as less serious or serious in Table 3-10.

Table 3-10. Ocular Effect Endpoints

Effect Less serious Serious
Blindness +
Cataracts +

Myopia (nearsightedness) +
Lacrimation/tearing +
Exophthalmia +
Conjunctivitis +
Irritation +
Discharge or exudate +

Body Weight Effects

Body weight effects are changes in terminal body weight and changes in body weight gain for
adult animals (in a non-reproductive study). The NOAEL and LOAEL would be based upon
significant differences in terminal body weight between controls and treated animals. In a
reproductive study, discussing changes in maternal body weight gain is appropriate. Weight loss
or decreased body weight of 10-19% (assuming normal food consumption) is to be classified as a
“less serious LOAEL” and decreases of 20% or more are to be classified as a “serious LOAEL”
(see Table 3-11); a body weight decrease of less than 10% is not considered to be adverse effect.
If a decrease in body weight is accompanied by decreased food consumption in a feeding study,

then neither effect is considered an adverse effect.
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Table 3-11. Body Weight Effect Endpoints

Effect Less serious Serious
Decreased body weight (10—19%) with normal food +
consumption
Decreased body weight (> 20%) with normal food +
consumption

Metabolic Effects

Metabolic effects include disturbances in acid-base balance. The type and cause of the
abnormality should be distinguished, and these findings then correlated with the laboratory
results, clinical signs, and morphologic changes presented in the study. Essential to the
interpretation of metabolic effects is sound knowledge of the biomedical field. Other states that
should be discussed as Ametabolic effects@ include water depletion and water excess, hyper- and
hyponatremia, hyper- and hypokalemia, hyper- and hypocalcemia, hyper- and hypomagnesemia,
hyper- and hypophosphatemia, ketosis, hyperglycemia, hyperuricemia, increased osmolal gap,
and so on. The pH of extracellular fluid (ECF) in healthy individuals, which ranges between 7.35
and 7.45, is maintained by the equilibrium between H" and HCOs- levels in the body. Metabolic
acidosis represents a primary fall in ECF bicarbonate concentration; both blood pH and HCO:;-
levels are reduced. Respiratory acidosis involves a primary increase in arterial carbon dioxide
pressure; blood pH decreases and HCOs- concentrations increase if renal function is intact.
Metabolic alkalosis is defined as a primary increase in blood bicarbonate levels; blood pH and
HCO:;- levels are both elevated. Respiratory alkalosis involves a primary decrease in carbon

dioxide pressure; blood pH rises and HCOs- levels fall.

Examples of specific metabolic effect endpoints are listed and classified as less serious or serious

in Table 3-12.
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Table 3-12. Metabolic Effect Endpoints

Effect Less serious Serious
Acidosis or alkalosis +
Altered body temperature (hyper or hypothermia) + +
Altered perspiration + +
Ketosis, hyper or hypo: glycemia, uricemia, atremia, +
kalemia, calcemia, magnesemia, phosphatemia, etc.
Increased osmolal gap +
Altered oxygen consumption +
Altered metabolic rate + +

Other Systemic Effects

The Aother systemic effects@ category includes a wide variety of systemic effects_that do not fit

into the other categories listed above. Examples of some of these effects are listed in Table 3-13.

Table 3-13. Other Systemic Effect Endpoints

EFFECT Less Serious Serious
Altered water consumption +
Altered food consumption +
Alopecia +
Fur discolorations +
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Hirsutism (abnormal hairiness) +

Immunological and Lymphoreticular Effects

The immune system is a cellular complex that forms the basis of the body's defenses against both
biological and chemical exogenous substances. Lymphoreticular effects are morphological
effects involving lymphatic tissues such as the lymph nodes, spleen, and thymus. Cells that
mature or reside in these tissues, such as various populations of lymphocytes and nonlymphoid
cells (phagocytes), participate in immune responses. Nevertheless, lesions involving these
tissues may or may not be associated with functional changes in the immune response. Examples
of lymphoreticular effects are lymphoid aplasia of the thymus, lymphoid hypoplasia of the lymph
nodes, lymphoid hyperplasia of the spleen, hemosiderosis of the spleen, and lymph node
histiocytosis. Immunological effects, in contrast, are functional changes in the immune
response. These include a broad spectrum of effects, such as anaphylaxis, decreased cell-
mediated immunity, autoimmunity, altered complement activity, altered T-cell activity,

decreased mitogen response, and increased susceptibility to infection.

When a substance is identified as an immunotoxicant, sufficient supportive information must be
provided. Many substances have been identified that impart an immunological effect for
multiple routes and/or durations of exposure. Only after a thorough investigation of the
toxicological information in animals can an assessment be made concerning potential

immunological effects in humans.

Immunological and lymphoreticular effect endpoints are listed and classified as less serious or

serious in Table 3-14.

Table 3-14. Immunological and Lymphoreticular Effect Endpoints

Effect Less serious | Serious
Altered complement activity +
Altered macrophage activity +
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Effect Less serious | Serious
Altered resistance to tumor susceptibility by sarcoma virus +
Altered T-cell activity +
Chronic urticaria +
Decrease in lymph node cortical lymphoid cells® +
Decreased mitogen response +
Decreased skin graft survival time +
Degeneration or necrosis in immunologic components +
Delayed rejection time of foreign skin graft (non-self) +
Enhanced natural killer cell (N.C.) activity +
Humoral or cell-mediated immune response to sheep red blood
cells +
Increased susceptibility to infection +
Pemphigus vulgaris +
Reduced delayed-type hypersensitivity +
Reduced humoral antibody (I.G.) production +0 +
Severe reduction in cell-mediated immune response +
Suppression of lymphoproliferative response to T-cell mitogen +
Thymus or spleen lymphoid atrophy” +
Lymphoid hyperplasia of lymph node or spleen® +
Histiocytosis of lymph node or spleen® +
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* These changes are lymphoreticular effects because they represent morphological alterations in

affected tissues; immunological effects imply a functional change in the immune response.
Lymphoreticular effects may or may not be associated with functional changes in the immune
response. If morphological changes are present in lymphoreticular tissues, the possible
association with functional alterations should be addressed.

® The effect can be less serious or serious depending upon the degree.

Neurological Effects

Neurotoxicity is any adverse effect on the structure or function of the central or peripheral
nervous system by a biological, chemical, or physical agent. Neurologic effects may be
permanent or reversible, produced by neuropharmacological or neurodegenerative properties of a
neurotoxicant, or the result of direct or indirect actions on the nervous system. Neurological
effects can be categorized as motor, mood and personality, sensory, cognitive, neurochemical,
neurophysiologic, or neuropathologic. Examples of specific endpoints within these effect

categories are listed and classified as less serious or serious in Table 3-15.

Assessment of Acetylcholinesterase Activity Inhibition. (See Attachment H — Assessing
Cholinesterase Activity Inhibition) In classifying the neurological health-effect endpoint of
"inhibition of acetylcholinesterase activity" (in erythrocytes and/or brain), the following
guidelines should be followed: 20-59% inhibition of enzyme activity is classified as a less
serious LOAEL; enzyme activity inhibition of 60% or greater is classified as a serious LOAEL.
However, in addition to these guidelines, consideration should be given to associated clinical
symptoms (see Table 3-15b). If clinical effects observed at a particular exposure level are most
consistent with those symptoms described in the table under moderate or severe poisoning, this
exposure level should be classified as a serious LOAEL, even if the degree of inhibition of
acetylcholinesterase activity is less than 60%. In those cases where inhibition of enzyme activity
of less than 60% is classified as a serious LOAEL, the specific clinical effects that lead to this
classification (as well as the percentage of enzyme inhibition) should be clearly stated in the text
of Chapter 3 and in the LSE tables. Inhibition of acetylcholinesterase activity of 60% or greater
should always be classified as a serious effect. It is not appropriate to base LOAELSs on the

inhibition of pseudocholinesterase activity (plasma or serum cholinesterase), but this effect
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should be discussed under Aresults of study@ in the text of the supplemental document.
Inhibition of erythrocyte acetylcholinesterase should be discussed under neurological effects and

not hematological effects.

Table 3-15a. Neurological Effect Endpoints

Serious

MOTOR

Activity changes (sedation, anesthesia, somnolence, hyper-
/hypoactivity, decreased locomotor activity) +

+

Convulsions

Lack of coordination (unsteadiness, intoxication,
decreased swimming response ability, decreased psychomotor
performance, ataxia) +

Paralysis

Reflex abnormalities +

+ o+ [+ |+

Tremor, twitching (muscular spasm)

Weakness +

MOOD AND PERSONALITY

Excitability +

Delirium

Depression +

Hallucinations

Irritability

Nervousness, tension

Restlessness

+ |+ |+ [+

Sleep disturbances

SENSORY

Auditory disorders

Equilibrium changes +

Pain disorders +

Tactile disorders +

+ [+ [+ |+ |+

Vision disorders

COGNITIVE

Confusion +
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Serious

Learning impairment (decreased operant behavior) +

Memory problems +

Speech impairment +

GENERAL

Depression of neuronal activity

Fatigue (lethargy)

Loss of appetite +

Narcosis, stupor

Nerve damage

Prostration

Other integrative effects (hand/eye coordination) +

+ [+ [+ |+ |+

Unconsciousness

NEUROCHEMISTRY

cAMP or cGMP changes, catecholamine changes, dopamine
changes, (decreased enzyme activity) +

Changes in GFA protein

Decreased neuronal membrane lipids +

+ [+ [+ |+

Decreased metabolism (glucose utilization) +

NEUROPHYSIOLOGY

Altered EEG +¢ +

Salivation +

NEUROPATHOLOGY

(Peripheral neuropathy, demyelination, focal gliosis, cerebellar
lesions, cerebellar degeneration, malacca, hemorrhage) +

Adapted from: Anger AW. 1986. Workplace exposures. In: Annau Z, ed. Neurobehavorial
toxicology. Baltimore, MD: Johns Hopkins University Press, L.331-347.

Neurologic effects that could be less serious or serious must be described as "slight" or
"severe," or by another adjective describing severity.

No other clinical effects.
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Table 3-15b. Neurological Effects: Clinical Symptoms of Varying
Severity of Organophosphorus Poisoning and Corresponding ACHE" Value”

Level of poisoning

Clinical symptoms

Mild
<60% reduction of ACHE

Weakness, headache, dizziness, diminished vision,
salivation, lacrimation, nausea, vomiting, lack of
appetite, stomachache, restlessness, myosis,
moderate bronchial spasm; convalescence in 1 day

Moderate
60-90% reduction of ACHE

Abruptly expressed general weakness; headache;
visual disturbance; excess salivation; sweating;
vomiting; diarrhea; Bradycardia; hyperopia;
stomachache; twitching of facial muscles; tremor
of hand, head, and other body parts; increasing
excitement, disturbed gait, and feeling of fear;
meiosis nystagmus; chest pain; difficult respiration;
cyanosis of the mucous membrane; chest
crepitation; convalescence in 1-2 weeks

Severe
90-100% reduction of ACHE

Abrupt tremor, generalized convulsions, psychic
disturbances, intensive cyanosis of the mucous
membrane, edema of the lung, coma; death from
failure

a

Acetylcholinesterase activity

®  Adapted from: Kaloyanova FP, El Batawi MA. 1991. Human toxicology of pesticides.

Boca Raton, FL: CRC Press, 3-57.

Reproductive Effects

Reproductive toxicity is defined as a dysfunction induced by a chemical, physical, and/or

environmental agent that affects the process of gametogenesis from its earliest stage to

implantation of the conceptus in the endometrium.
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Examples of reproductive effect endpoints are listed and classified as less serious or serious in

Table 3-16.

Table 3-16. Reproductive Effect Endpoints

Effect Less serious | Serious

Abnormal sperm” (morphology, count, motility) +
Abortions +
Atrophy +
Decreased fertility® + +
Decreased litters +
Decreased spermatogenesis® + +
Degeneration of epididymides® + +
Disrupted spermatogenesis +
Females: no reproduction +
Maternal toxicity +
Increased estrus +
Irreversible histological change in testes +
Ovarian dysfunction +

Ovary weight change +
Postimplantation loss +
50% reduction in number of offspring +
Sterility +
Testicular atrophy +
Testicular degeneration + +
Granuloma epididymides* + +
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Effect Less serious | Serious

Tubular degeneration +
Tubule edema +
Vaginal bleeding +

* There is a certain degree of variability between normal/less serious/serious; €.g., a normal
human semen specimen has a volume of 3-4 mL, a sperm count of 30x10°, and 80%
morphologically normal and motile spermatozoa.

® The effect can be less serious or serious depending upon the degree.

¢ This condition can be considered serious because it can lead to progressive fibrosis.
Reproductive effects that are also considered developmental should be mentioned under
developmental effects as well, and they should be included in the LSE table with the other
developmental effects. In a reproductive study, changes in maternal body weight gain should be

presented as well as changes in body weight in males. Testicular effects can often be secondary

to decreased body weight gain.

Developmental Effects

The Developmental Effects sections will include developmental health effects on the
offspring resulting from exposures to: parental germ cells [formed when the parents were in
utero], the conceptus through the preBimplantation blastocyst stage, and all subsequent
developmental stages up through 18 years of age in humans or sexual maturity in animals.
These Developmental Effects sections will discuss exposures that might result in developmental
health effects to the embryo or later stages of life. Deaths at any stage before implantation will
still only be discussed in the Reproductive Effects sections because such outcomes do not affect
the health of the embryo, fetus, infant, child, adolescent, adult, or adult’s offspring. The reason
for this change in scope is recent research in animals showing that exposure of parental germ
cells or preBimplantation conceptuses to certain mutagens can result in structural malformations

in lateBstage fetuses and neonates, although these phenomena are often accompanied by an
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expectedly high death rate in litter mates (Rutledge et al. 1992; Spielmann and Vogel 1989;
Rutledge 1997; Generoso et al. 1990). In theory, either genetic or nonBgenetic damage (such as
changes in DNA methylation or disruption of the expression of key developmental regulatory
molecules) to the parental germ cells or the preBimplantation conceptus could result in
functional or structural defects in the offspring. Mutations and childhood cancer are also
theoretical outcomes of preBimplantation damage. Organogenesis is still considered the most

susceptible period for the induction of structural malformations.

References:

Rutledge JC, Generoso WM, Shourbaji A, Cain KT, Gans M, and Oliva J. 1992.
Developmental anomalies derived from exposure of zygotes and firstBcleavage embryos to
mutagens. Mutation Research 296:167-177.

Spielmann H and Vogel R. 1989. Unique role of studies on preBimplantation embryos to
understand mechanisms of embryotoxicity in early pregnancy. Critical Reviews in
Toxicology 20:51-64.

Rutledge JC. 1997. Developmental toxicity induced during early stages of mammalian
embryogenesis. Mutation Research 396:113—-127.

Generoso WM, Rutledge JC, and Aronson J. 1990. Developmental anomalies: mutational
consequence of mouse zygote exposure. Banbury Report 34: Biology of Mammalian Germ

Cell Mutagenesis, Cold Spring Harbor Press.

Determining whether exposure causes developmental effects or just causes health effects during
childhood is sometimes difficult. If this determination is unclear, discuss the effect either in a
Developmental Effects section or the appropriate systemic toxicity section, with a

crossBreference to the other section.

Topics marked by a closed bullet (o) must be discussed, if only to say that no
information is available. Issues marked by a open bullet (©) should not be discussed if

no relevant information is available.
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e What health effects have been observed in children? Are there health effects observed
in adults that are also of potential concern in children? What health effects have been
observed in adults exposed as children? What health effects have been observed in
immature animals from embryos up through maturity? Do children and immature
animals exhibit the same types of health effects as adults? Do the doses that cause
effects in children and adults or in immature and adult animals consistently differ?
How? Consider any epidemiologic studies that focus on the consequences of

exposures before age 18 years, even if the effects are not evident until adulthood.

¢ [s the developmental process altered by the toxicant? Discuss data on children and
animals. [Remember that in vitro developmental models and in vivo developmental
effects from exposures other than inhalation, oral, or dermal are discussed in Chapter
2 Relevance to Public Health.] Remember that the reproductive, immune, and
nervous systems especially continue to develop after birth. Developmental problems
may include functional neurological development, such as learning deficits and
deficits in social behavior. Consider endocrine disruption of developmental
processes and any epidemiologic studies that focus on the consequences of exposures
before age 18 years, even if the effects are not evident until adulthood. Ifthe
developmental process is altered by the toxicant, how does the effective dose or range
of effective doses in children compare with that in adults? If developmental effects
only occur near maternally toxic doses, this point should be discussed. Assistance in
interpreting developmental studies can be found in: Attachment I: Age at weaning
and sexual maturity for common laboratory species and humans and
Attachment J: Historical background rates for various developmental outcomes
used in interpreting National Toxicology Program (NTP) developmental studies

on rabbits, rats, and mice.

O Are there any studies linking preBconception exposure of either parent to germ line

mutations, developmental defects, childhood cancer, or other health effects?
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Developmental toxicity is any adverse effect on the developing organism from implantation,
through prenatal development, or postnatally to the time of sexual maturation. These effects can
result from exposure of either parent prior to implantation or exposure during prenatal and
postnatal development. Systemic, immunological, or neurological effects seen in the developing
organism prior to sexual maturity may be considered secondary to adverse developmental

effects.

Developmental effects are distinguished from reproductive effects by evaluation of the conceptus
after it is implanted. (Reproductive toxicity is defined as dysfunction induced by a chemical,
physical, or biologic agent that affects the processes of gametogenesis from its earliest stage to

implantation of the conceptus in the endometrium.

Developmental effects can be categorized as structural abnormalities, altered growth, functional
deficiencies, and death of the developing organism. Examples of specific endpoints within these

effect categories are listed and classified as serious or less serious in Table 3-17.

Structural abnormalities include malformations and variations, which also may be referred to as
anomalies, deformations, or aberrations. The term "teratogenicity" is used to describe permanent
structural abnormalities that may adversely affect survival, development, or function.

Altered growth can be induced at any stage of development, may be reversible, or may result in
permanent change. Changes in the mother (dam or doe) can influence or confound interpretation
of altered growth in the fetus or neonate. In general, altered growth seen in conjunction with
adverse effects in dams, such as decreased weight gain has been treated as an adverse effect in

the fetus or neonate.

Adverse effects observed in offspring (exposed in utero) prior to sexual maturity are considered
to be developmental effects. Mice and rats are weaned at about 21-28 days and then there is a
juvenile phase that follows. Full sexual maturity is assumed to occur several weeks after
weaning (at about 60—70 days). Effects noted in the juvenile phase after pre- and postnatal
exposure is still considered to be developmental effects. For example, if animals were exposed

in utero and are then allowed to grow up into young adulthood (45-60 days), and are tested for
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grip strength, an adverse effect from prenatal exposure would be considered a developmental

effect. Furthermore, if these animals were also tested for grip strength on day 300 (after sexual

maturity), adverse effects would still be classified as Adevelopmental@ because exposure

occurred in utero.

However, when considering continuous-exposure experiments (multi generation studies or when

offspring are exposed postnatal after sexual maturity), Adevelopmental effects@ and Asystemic

effects@ at the point of sexual maturity are categorized differently. Therefore, in a multi

generation study, at the time when the F1 animals are mated to produce the next generation, the

systemic category (or reproductive or neurological, etc.) is used.

Table 3-17. Developmental Effect Endpoints

Serious

STRUCTURAL ABNORMALITY

Delayed ossification

Skeletal anomalies (Shina bifida, cleft palate, fused ribs, webbed
feet)

Skeletal anomalies (ring tail®, supernumerary ribs, wavy ribs )

Visceral anomalies (heart defects)

Ultrastructural changesb

ALTERED GROWTH

Alteration in offspring organ weight

Alteration in offspring body weight®

Changes in crown-rump length*

FUNCTIONAL DEFICIENCY

Immunosuppression in offspring

Systemic effects

Behavioral abnormalities (see Table 3-15a)
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Ringtail-a disease of obscure etiology in suckling rats in which one or more fine constricting
ring occurs at some place along the length of the tail.

Changes in cellular structure (cellular organelles).

Could be considered serious, depending on the degree of severity.

Functional deficiency is defined as alterations or delays in functional competence of the
organism or organ system following exposure to an agent during critical periods of development

pre- and postnatal. Examples are:

e Immunosuppression (suppression of natural immune responses) in offspring. Immune
dysfunction may lead to increased risk of infectious diseases or to development of
neoplasia, autoimmune disorders, or allergies. Any of the immunological endpoints
listed in Table 3-14 apply.

e Behavioral tests in offspring. Many of the neurological tests listed in Table 3-15a are
used in studies of newborns to assess behavioral abnormalities in developing
offspring. Measurement of the course of development of swimming behavior, for
example, is a common technique for the evaluation of neuromotor development. The
neuromotor system is the system commonly studied when functional development is
being assessed. Evaluation of motor development must be of primary consideration
in detecting toxicity because the performance of certain responses is known to be
influenced by the testing conditions used and the motivational state of animals. To
accurately assess the behavioral effects of any substance, a test battery must use
multiple behavioral endpoints.

Maternal toxicity. Findings of developmental toxicity in the presence of maternal toxicity
(i.e., when adverse developmental effects are produced only at maternally toxic doses) are still
considered to represent developmental toxicity and should not be discounted as being
secondary to maternal toxicity. Maternal toxicity (even in the absence of developmental
toxicity) is an important endpoint to evaluate in the context of all available toxicity data. The

following are some examples of maternal toxicity endpoints.

e Mortality.
e Gestation length (when allowed to deliver pups).

¢ Body weight.

DRAFT-Do Not Cite or Quote-DRAFT
95



e Body weight change.

e Organ weights (in cases of suspected organ toxicity and when supported by adverse
histopathology findings).

e Food and water consumption (where relevant).

¢ Clinical evaluations, including types and incidence of clinical signs, enzyme markers,
and clinical chemistries.

¢ Gross necropsy and histopathology.

Body weight and changes in body weight are viewed collectively as indicators of maternal
toxicity for most species. These endpoints may not be as useful in rabbits, because body weight
changes in rabbits are not good indicators of pregnancy status. Changes in maternal body weight
corrected for gravid uterine weight at sacrifice may indicate whether the effect is primarily
maternal or fetal. For example, there may be a significant reduction in weight gain and in gravid
uterine weight throughout gestation but no change in corrected maternal weight gain, which
would generally indicate an intrauterine effect. Conversely, a change in corrected weight gain
and no change in gravid uterine weight generally suggest maternal toxicity and little or no

intrauterine effect.

Because the maternal animal and not the conceptus is usually treated during gestation,
developmental toxicity data may be presented as incidence per litter or as number and percent of

litters with particular endpoints, as in the following examples.

e Litters with implants:

Number of implantation sites/dam

Number and percentage of live offspring/litter

Number and percentage of resorption/litter

Number and percentage of litters with resorption

Number and percentage of late fetal deaths/litter

Number and percentage of litters with nonlive (late fetal deaths + resorption)
implants/litter

Number and percentage of affected (nonlive + malformed) implants/litter

Number and percentage of stillbirths/litter
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e Litters with live offspring:

Number and percentage of litters with live offspring

Number and percentage of live offspring/litter

Mean offspring body weight/litter

Number and percentage of externally malformed offspring/litter
Number and percentage of viscerally malformed offspring/litter
Number and percentage of skeletally malformed offspring/litter
Number and percentage of malformed offspring/litter

Number and percentage of litters with malformed offspring
Number and percentage of litters having offspring with variations
Individual offspring and their malformations and variations (grouped according to
litter and dose)

Clinical signs (measured at intervals until study termination)
Gross necropsy and histopathology

The following list of developmental toxicology references may be useful to chemical managers

and principal authors. (Contractors are not required to purchase these publications.)

EPA. 1986. Guidelines for the health assessment of suspect developmental toxicant.
Federal Register 51(185):34028.

EPA. 1989. Proposed amendments to the guidelines for the health assessment of suspect
developmental toxicant. Federal Register 54(42):9386.

EPA. 1991. Final guidelines for developmental toxicity risk assessment. Federal Register
56(234):63798-63826.

Kimmel CA, Buelke J. 1981. Developmental toxicology. In: Dixon R, ed. Target organ
toxicology series. New York, NY: Plenum Press, 233.

Rogers, JM, Kavlock, RJ. 1996. Developmental Toxicology. In: Klassen C, Amdur M,

Doull J, eds. Toxicology: The basic science of poisons. 5" edition. New York, NY:
McGraw Hill. 301-331.

Under developmental effects, there should be some discussion of whether effects were observed

at levels that also caused maternal toxicity. Do not dismiss developmental effects in favor of

maternal toxicity.
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As stated above, reproductive effects that are also considered developmental should be
mentioned under developmental effects as well, and they should be included in the LSE table

with the other developmental effects.

Cancer

The cancer category consists of human and animal studies which consider tumor incidence as an
endpoint. For epidemiological studies, the incidence of cancer effects should be provided
wherever statistics are not reported and wherever incidence data can supplement information on
the statistical significance of the results. NOAELSs for cancer are not included, and cancer
effects should always be categorized as “serious LOAELs” and CELs should be indicated where
applicable.

When presenting EPA cancer-potency estimates in the text, be sure to include all caveats (e.g.,
the unit risk should not be used if the air concentration exceeds ). All studies used in the
cancer risk estimate should have been discussed in the text preceding the EPA estimates. If the
EPA estimates involved extrapolation across routes of exposure, this information should be
included and the justification for the cross-route extrapolation provided (e.g., health effects and

toxicokinetic similarities).

3.3 GENOTOXICITY

Genotoxicity studies consist of in vitro and in vivo studies investigating the mutagenicity of the
compound. Genotoxicity studies presented in this section should define the exposure conditions
(level, duration, species, and strain) and effects observed. This section should be treated the
same as the others, except more emphasis should be placed on describing the exposure
conditions, because the genotoxicity studies are not presented in the tables and figures.
Conclusions regarding the genotoxicity of the compound following the specified route of

exposure should be made.
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3.4 HEALTH EFFECTS IN WILDLIFE POTENTIALLY RELEVANT TO HUMAN
HEALTH (OPTIONAL)

This section is optional depending on the substance that is being profiled. The decision to

include a Wildlife section should be made after careful evaluation of the literature and discussion

between the principal author and the chemical manager. This section should focus on available

studies observed in wildlife that may be relevant to humans in terms of wildlife acting as

possible sentinels for human health (NRC 1991). See Attachment K for an example of this

section.

In the event that a Wildlife section (3.4) is developed, the sections of Chapter 3 that follow

should be renumbered accordingly so that Toxicokinetics becomes section 3.5 and so forth.

3.4 TOXICOKINETICS

The discussion in this section is likely to overlap with Section 3.5 on Mechanisms of Action.
Where necessary to provide a clear narrative, information in Section 3.5 should be referred to in
this section (Toxicokinetics); however, as much as possible, any detailed discussion of

mechanisms should occur only in Section 3.5.

This section, like all preceding sections, should provide a synthesis and weight-of-evidence
analysis, with a description and discussion of key studies. In both the text and tables, special
attention should be given to providing quantitative data such as the rate coefficients/constants for
absorption, distribution, metabolism, excretion, and elimination. Metabolic parameters, such as
the maximum velocity (Vmax) and the Michaelis-Menten coefficient (K,,), for specific enzyme-
catalyzed metabolic pathways are quite useful, because these may aid in the identification of
dose-response thresholds. Attention should also be paid to changes in kinetic parameters with
dose (e.g., transition from linear to nonlinear kinetics), which may be demonstrable only in

studies in which pharmacokinetics have been studied over a sufficiently wide range of doses.
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Presently, pharmacokinetic parameters are available for a limited number of chemicals.
However, the literature should be searched for qualitative and quantitative data on biochemical
(e.g., Vmax, Km) and physiological (e.g., blood:air and blood:tissue partition coefficients, cardiac
output, body weight, blood flow rates, tissue volumes) parameters, as well as for data on the
physical-chemical properties of the chemical, such as rate coefficients. Sex and species
differences (especially between humans and animals) and route of administration differences
(including those that may indicate a significant first-pass effect or enterohepatic recycling input)
are also of importance here. Profiles should reflect how well authors have defined what they are
measuring in kinetic studies. For example, when elimination is followed after administration of
a radiolabeled chemical, assessing the researchers' methodology for separating the parent
compound from its metabolites is essential. Total radioactivity measurements, while providing
information on radiolabel retention, contribute little to the understanding of the relationships
between dose, body burdens, elimination rates, and toxicodynamics, and should be used only

with caution.

In recent years, especially for VOCs, physiologically based pharmacokinetic/pharmacodynamic
(PBPK/PD) modeling has been introduced to the risk assessment methodology. These models
include both the kinetics and the dynamics of an administered dose. Such studies not only
permit calculation of the "dose" of the administered compound or active metabolite(s) delivered
to target organs, but also permit extrapolation of animal data to humans. In addition, PBPK/PD
modeling studies may provide information on the mechanism of action. In Section 3.3.5 of the
profile, information (in brief) should be presented on all available models, with more detailed

discussion of the model(s) that best fits the existing data.

Overview. Several introductory paragraphs should be inserted under this heading (3.4
Toxicokinetics). These paragraphs should summarize the information in the four sections
(absorption, distribution, metabolism, and elimination/excretion) and discuss the information
available for the principal routes of exposure (inhalation, oral, and dermal). If there is evidence

of dose-dependent kinetics, this should be discussed.
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PBPK modeling data should be presented, together with any assumptions or known uncertainties

and an explanation of whether or not the models were adequately validated.

The following sections discuss toxicokinetic data by major headings (absorption, distribution,
metabolism, and elimination and excretion). Each section is organized by exposure pathways
(inhalation, oral, and dermal). Exceptions are noted below. "Other Routes of Exposure" can be
added as a subheading to the subsections. As in the discussion of toxicity, organize the
discussions by human versus animal studies and, within these divisions, by duration of exposure
where possible (especially for the duration of exposure in inhalation studies and the dose-time

interval for repeated dosing/exposure studies).

3.4.1 Absorption

The discussion of absorption should explain the process by which the substance crosses
biological membranes, and the site(s) of uptake where the substance enters the systemic
circulation. (The reader should be referred to Section 3.5, Mechanisms of Action, for full
discussion, where warranted.) Differentiate between exposure and dose. For example, specify
administered dose, systemically absorbed dose, or target organ or tissue dose. Also, specify and
distinguish between the rate and the extent of systemic absorption, especially "peak" values and
steady-state concentrations. Focus on data that provide quantitative estimates of the amount
absorbed and the absorption rate coefficient for each route of exposure. When known, give
levels (percentages) of the substance absorbed following inhalation, oral, or dermal
administration. Be particularly careful to mention the dosage vehicle for oral or dermal dosing,
especially when more than one study is cited. Identify and discuss any other factors that are
important determinants of absorption, such as changes in the rate and amount of absorption over
a range of doses, effects due to chemical form or method of presentation (e.g., in water versus

food), the nutritional status of the dosed animals, and so on.

Because some compounds may have only limited water solubility, and because the presence of
food (especially fatty food) in the gastrointestinal tract may significantly affect the rate and

extent of absorption of lipid-soluble environmental chemicals (often decreasing the rate but

DRAFT-Do Not Cite or Quote-DRAFT
101



increasing the extent), describe how the chemical was administered to test animals. Indicate
whether this is likely to be the same mode of exposure in humans. An absorption rate or extent
in an animal study in which the chemical was incorporated into the food may have little
predictive value for the rate and extent of absorption of the chemical by humans from drinking
water. If the mode of oral administration in the study is unclear, or if the general relevance of
the animal study for likely routes of human exposure is unclear, state this in the text and identify
the absence of reliable and relevant data as a data need. Overall, if reliable data are not available

or are questionable, say so.

Guidance specific to children=s health

e [s absorption known or suspected to be different in children?

O Are there nutritional deficiencies that enhance the absorption of [Chemical X] in
children or animal models (e.g., influence of calcium and iron deficiencies and fasting

on absorption of lead)?

3.4.2 Distribution

The discussion of systemic distribution should include the extent (i.e., concentrations or
amounts) of distribution to major organs and tissues. A comparison of concentrations or
amounts of the chemical distributed to different tissues is more important than data for single
tissues. If available, autopsy data should be presented in this section. If total radioactivity
studies are included in the distribution section, caveats need to be included in the text that no
distinction can be made between parent compound, metabolites, or "recycled" carbon
incorporated into normal body macromolecules. Partition coefficients (blood:tissue) should be

provided here, if known, as these are important parameters for PBPK modeling.

DRAFT-Do Not Cite or Quote-DRAFT
102



Focus on bioaccumulation in repetitive dosing studies; for example, describe data showing that
repeated doses result in a steady state. The discussion should refer to any known mechanisms
involved in the translocation of the substance(s) to tissues (e.g., passive diffusion,
facilitated/active transport), including whether one or more depots for the sequestration of
chemicals (e.g., the fat for lipophilic substances) are involved. (Refer the reader to Section 3.4
for full discussion, where warranted). If depots are involved, mention whether sequestered
material is readily available for subsequent redistribution. State whether the parent compound or
metabolites bind to plasma or tissue proteins. (Again, refer to Section 3.4 where warranted.)
Does binding to plasma proteins restrict hepatic metabolism during a first pass or otherwise
contribute to delivery-limited elimination by the liver or other organs? Are there differences in
distribution and/or rate depending on the route of administration? Where data are available,

bioaccumulation in target organs should be discussed.

Guidance specific to children’s health

e I[s distribution known or suspected to be different in children?

O Are there nutritional deficiencies that change the distribution of [Chemical X] in

children or animal models?

e Do [Chemical X] or its active metabolites reach (this may depend on the route of
exposure to the mother: inhalation, oral, or dermal exposure) and cross the placenta
or placental precursors? Do [Chemical X] or its metabolites preferentially
accumulate on the fetal side of the placenta? If possible, indicate quantitatively how
much of [Chemical X] crosses the placenta. Does the placenta itself trap and
accumulate [Chemical X]? If there are intraperitoneal (i.p.) or intravenous (i.v.)
data about the permeability of the placenta, they should be discussed in AOther
Routes of Exposure@ subsections with caveats about extrapolating to inhalation,
oral, or dermal exposure of the mother. Point out that human is unlikely to be

exposed to [Chemical X] by i.p. or 1.v. routes, but that any positive data show that
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[Chemical X] could cross the placenta if exposure was great enough to achieve
comparable maternal blood levels. Of course, negative i.v. data could be interpreted
to mean that [Chemical X] (at least the parent compound) would be unlikely to cross
the placenta regardless of the exposure circumstances. [Note that the scientist
selecting literature must acquire the data about i.p. and i.v. exposure and

placental transfer.]

It is particularly important to discuss access to the placenta in cases where the active form
of [Chemical X] could not possibly reach the placenta. An example of this would be
inhaled formaldehyde. Although formaldehyde itself can cross link DNA and protein,
inhaled formaldehyde is converted to formic acid on the surface of the upper respiratory
tract, and inhaled formaldehyde itself never reaches the systemic circulation. Thus, inhaled
formaldehyde would never reach the placenta, and small amounts of formic acid in the

maternal blood are likely to be innocuous.

e Can [Chemical X] or its metabolites reach (this may depend on the route of exposure
to the mother: inhalation, oral, or dermal exposure) and get into breast milk? Are
[Chemical X] or its metabolites preferentially accumulated in breast milk? If
possible, indicate quantitatively how much of [Chemical X] is transferred to the
breast milk. If there are relevant intraperitoneal (i.p.) or intravenous (i.v.) data
about transfer into breast milk, they should be discussed in AOther Routes of
Exposure@ subsections with caveats about extrapolating to inhalation, oral, or
dermal exposure of the mother. Point out that humans are unlikely to be exposed to
[Chemical X] by i.p. or i.v. routes, but that any positive data show that [Chemical X]
could be transferred to breast milk if exposure was great enough to achieve
comparable maternal blood levels. Of course, negative i.v. data could be interpreted
to mean that [Chemical X]Cat least the parent compoundCwould be unlikely to
transfer to breast milk regardless of the exposure circumstances. [Note that the
scientist selecting literature must acquire the data about i.p. and i.v. exposure

and transfer into breast milk.]
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It is particularly important to discuss access to the breast milk in cases where the active
form of [Chemical X] could not possibly reach the breast. An example of this would be

inhaled formaldehyde. See the previous discussion about the placenta.

e [s [Chemical X] stored in maternal tissues during pre-conception exposure, and if so,
can these stores be mobilized during pregnancy or lactation? Will this process result

in exposure to the embryo/fetus or neonate?

O Discuss the pharmacokinetic plausibility of the active form of [Chemical X]
actually reaching parental germ cells. It is particularly important to discuss this
issue in cases where the active form of [Chemical X] could not possibly reach the
germ cells. An example of this would be inhaled formaldehyde. See the previous

discussion about the placenta.

Remember that parental germ cells were formed when the parents themselves
were in utero, so relevant exposure times could range from the parental gestation
period to the time of conception. Damage to germ cells could either be genetic or,

theoretically, epigenetic (e.g., changes in DNA methylation).

This issue is particularly important if [Chemical X] has been shown to be
genotoxic in test systems or if the results of any studies link preBconception
exposure of either parent with germ line mutations, developmental defects,
childhood cancer, or other health effects. If this is the case, crossBreferences
should be made to the appropriate sections. If there are no data on the ability of

[Chemical X] to reach the germ cells, say so.

3.4.3Metabolism

The discussion of metabolism should include information on metabolic pathways (involving

catabolic and anabolic reactions) that either convert the substance to a form that is less toxic
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and/or can readily be excreted or that produces a biologically active intermediate that is
responsible for the toxic action (i.e., metabolic activation). Discuss pathways of detoxification
that are capacity limited. (Refer the reader to Section 3.4 for discussion of how capacity-limited
pathways contribute to or cause toxicity.) Levels of the chemical producing such "saturation"

should be discussed in this section if they are available in the literature.

This section should be organized by routes of administration, if route is not an important factor,
an integrated discussion may be used. If specific organs or tissues are qualitatively or
quantitatively involved, they should be mentioned and major or minor metabolic pathways
should be described. In vitro studies may be important not only because they provide important
information on intermediates and pathways but also because, for enzyme-catalyzed reactions,
they allow the determination of V.« and K,,. Discuss qualitative and/or quantitative strain or
species differences in metabolic pathways. Dose dependency is an important concept in
discussions of physiological, metabolic, and toxicologic thresholds and should be stressed.
Doses that cause one or more metabolic pathways to be "saturated" may be evaluated if these
constants are known or if they are clearly identified by nonlinearity of the applied dose and

evoked toxic response.

A diagram of the metabolic pathway should be included whenever there are adequate data (see
Exhibit 15). The pathway(s) leading to the toxic metabolite(s) should be identified. Phase II
metabolism often contributes to the generation of potentially reactive metabolites and/or
provides a means of transport from the site of formation (e.g., the liver) to target tissues. Hence,
phase II reactions should be included in the diagram as a rule and given equal consideration in
the text unless it is well known that these pathways do not contribute to
toxification/detoxification processes. If metabolism differs with the route of exposure, the
diagram(s) should be labeled to reflect this. Enzyme systems involved in the metabolism of the
substance should be indicated above the arrows. Major and minor pathways should be identified
as such. The diagram should serve as an illustration for the text and not a replacement. Where
relevant, activation and detoxification pathways, including those involving both phase I and

phase II reactions, should be indicated.
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Guidance specific to children=s health

¢ [s metabolism of [Chemical X] known or suspected to be different in children? If the
enzymes that metabolize [Chemical X] are known, does their expression or activity
differ in children in general? What is known about placental metabolism? Discuss

relevant animal studies.

See text and Table 2 [Attachment L] from Leeder and Kearns 1997 and text in
Pesticides in the Diets of Infants and Children (NRC 1993) on developmental patterns
of various enzymes. Alternative names for enzymes in Attachment L are provided in
Attachment M. Note that in humans CYP2EI expression begins several hours after
birth and continues to increase during the first year of life (Vieira et al. 1996). The
attached tables are intended only as an aid in outlining this section, and the
information in them should only be a starting point in writing this section. New
additions are made to the literature daily. If [Chemical X] is found to be metabolized
by a certain enzyme, then a thorough literature search should be done on the enzyme
and childBspecific search terms, and perhaps age. If a relevant enzyme is found to
vary developmentally, then the original papers documenting this variation should be
retrieved and referenced in the Toxicological Profile, and a copy of the papers should

be submitted to the Division of Toxicology Child Health Coordinator.

O Are there nutritional deficiencies that change the metabolism of [Chemical X] in

children or in animal models?

3.4.4Elimination

Decay constants. In general, the following equation may be written for the excretion of a
compound in the body: C (t) = C (0) x {e™ + eP'+ ¢*' + ...} where C (t) is concentration at time
t and C (0) is the initial concentration or concentration at time 0 in a given body compartment,

usually the blood... a, B, &, etc. may be called decay constants; the equations are generally
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written so that a>B>&>etc.; a is called the first order decay constant; B is called the second order
decay constant; and & is called the third order decay constant. In general, the bigger the a, B, &,
etc. constants are, the faster the compound disappears from the body, if the equation is
describing excretion. A special case is when f = & = 0, then 0.693/a is called the half life or t;,,

and in one half-life, the amount of compound present decays to half the original amount.

Elimination of a compound is usually described by the temporal relationship of blood
concentrations postadministration. This process involves distribution, metabolism, and excretion
of the compound. In the text, distinguish between excretion of the compound (i.e., removal from
the body) and elimination (i.e., loss of the compound from systemic circulation). The kinetics
may be of a simple first-order nature but more frequently require a multiexponential equation to
describe them. Do not assume first-order half-life kinetics for persistent compounds. When
available, the half-life of the substance in different tissues should be reported. Elimination also
includes the half-life of the substance in different tissues. The terminal elimination rate is,
perhaps, the most important parameter with respect to understanding the persistence of the
substance in the systemic circulation. Initial elimination rates, observed following intravenous
administration or after a peak blood concentration is reached following administration by other

routes, are often useful indicators of rates of distribution.

The discussion of excretion should include quantitative data, where available, for the principal
excretory routes: urine, feces (including biliary excretion), and exhaled breath. In a few cases,
other elimination routes such as hair and nails, milk, sweat, and saliva may be operative, and
therefore should be discussed. Specific routes of excretion may be included in PBPK models.
Differences in excretion patterns between humans and animals, as well as between different
species, strains, and sexes, should be discussed. The section should be specific for the exposure

route where possible. For example,

3.4.1. Absorption
3.4.2. Distribution
3.4.3. Metabolism
3.4.4. Elimination
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Guidance specific to children’s health

e [s excretion known or suspected to be different in children?

O Are there nutritional deficiencies that change the excretion of [Chemical X] in

children or in animal models?

3.4.5Use of PBPK/PD Models to Explain the Biological Basis for the Dose-Response
Relationship

Begin this section with the following boilerplate.

Physiologically based pharmacokinetic (PBPK) models use mathematical descriptions
of the uptake and disposition of chemical substances to quantitatively describe the
relationships among critical biological processes (Krishnan et al. 1994). PBPK models
are also called biologically based tissue dosimetry models. PBPK models are
increasingly used in risk assessments, primarily to predict the concentration of
potentially toxic moieties of a chemical substance that will be delivered to any given
target tissue following various combinations of route, dose level, and test species
(Clewell and Andersen 1985). Physiologically based pharmacodynamic (PBPD)
models use mathematical descriptions of the dose-response function to quantitatively

describe the relationship between target tissue dose and toxic endpoints.

PBPK/PD models refine our understanding of complex quantitative dose behaviors by
helping to delineate and characterize the relationships between: (1) the
external/exposure concentration and target tissue dose of the toxic moiety, and (2) the
target tissue dose and observed responses (Andersen et al. 1987; Andersen and
Krishnan 1994). These models are biologically and mechanistically based and can be
used to extrapolate the pharmacokinetic behavior of chemical substances from high to

low dose, from route to route, between species, and between subpopulations within a
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species. The biological basis of PBPK models results in more meaningful
extrapolations than those generated with the more conventional use of uncertainty

factors.

The PBPK model for a chemical substance is developed in four interconnected steps:
(1) model representation, (2) model parametrization, (3) model simulation, and (4)
model validation (Krishnan and Andersen 1994). In the early 1990s, validated PBPK
models were developed for a number of toxicologically important chemical substances,
both volatile and nonvolatile (Krishnan and Andersen 1994; Leung 1993). PBPK
models for a particular substance require estimates of the chemical substance-specific
physicochemical parameters, and species-specific physiological and biological
parameters. The numerical estimates of these model parameters are incorporated
within a set of differential and algebraic equations that describe the pharmacokinetic
processes. Solving these differential and algebraic equations provides the predictions

of tissue dose. Computers then provide process simulations based on these solutions.

The structure and mathematical expressions used in PBPK models significantly
simplify the true complexities of biological systems. If the uptake and disposition of
the chemical substance(s) is adequately described, however, this simplification is
desirable because data are often unavailable for many biological processes. A
simplified scheme reduces the magnitude of cumulative uncertainty. The adequacy of
the model is, therefore, of great importance, and model validation is essential to the

use of PBPK models in risk assessment.

PBPK models improve the pharmacokinetic extrapolations used in risk assessments
that identify the maximal (i.e., the safe) levels for human exposure to chemical
substances (Andersen and Krishnan 1994). PBPK models provide a scientifically-
sound means to predict the target tissue dose of chemicals in humans who are exposed
to environmental levels (for example, levels that might occur at hazardous waste sites)
based on the results of studies where doses were higher or were administered in

different species. Figure 3-x shows a conceptualized representation of a PBPK model.
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If PBPK models for [substance x] exist, the overall results and individual models are
discussed in this section in terms of their use in risk assessment, tissue dosimetry, and

dose, route, and species extrapolations.

(Insert figure of generic model structure.) (See exhibit 15.)

This section addresses the question, "Is PBPK/PD modeling for [substance x] possible?" The
section should include basic pharmacokinetic studies, PBPK models, and biologically based
dose-response (BBDR) models (i.e., toxicokinetic/pharmacodynamic models). The discussion of
mathematical models should differentiate between broad-based models. Address the objectives
and value of PBPK/PD models in species-to-species, high-to-low dose, and route-to-route
extrapolations and in risk assessments for the profiled substance. Information (in brief) should be
presented on all available models, with more detailed discussion of the model(s) that best fits the
existing data. Discuss whether researchers have validated the models by comparing simulation
with experimental data. If a PBPK model has not yet been developed and validated for a

chemical, this should be stated in the text.

A summary table of model input data should be included when such data exist in sufficient detail
to warrant a table. The table should also include physiological and anatomical parameters, e.g.,
tissue volumes; blood flow rates, cardiac output, and alveolar ventilation (see Andersen ME,
Clewell HJ III, Gargas ML, Smith FA, and Reitz RH. 1987) physiologically based
pharmacokinetics and risk assessment process for methylene chloride. Toxicol Appl Pharmacol
87:185-205). Provide an evaluation and assessment of the most appropriate values to use if
many values exist for a given parameter. The rationale for selecting specific parameters must be
provided in the text. Uncertainties in the interpretation of the pharmacokinetic and toxicological
information considered for use in a PBPK/PD model should be outlined. A search of the
literature should also include pharmacokinetics following intravenous administration, because
this route avoids complications arising from interactions at the site of uptake and the sometimes
complex factors involved in delivery of the dose to the systemic circulation (e.g., first-pass

effect). Discuss whether the kinetic data suggest mechanistic considerations (such as capacity-
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limited metabolic processes) for low-dose extrapolation applicable to the risk assessment

process.

Guidance specific to children’s health

e Are there PBPK models for children, fetuses/pregnant women, infants/lactating
women, or humans at any other appropriate age? Discussion of general models for

these stages may be appropriate.

3.5 MECHANISMS OF ACTION

The narrative for this section should present a brief overview of any known mechanisms of
metabolism, absorption, distribution, and excretion, and then discuss any substance reactions or
physiological processes that lead to or comprise the mechanism(s) of toxic effect. Keep in mind
that one intent of this section is to provide a survey of places where clinical intervention can or
might reduce the toxic effects of the profile substance, a subject that will be developed further in
Section 3.11 (Methods for Reducing Toxic Effects). The parent compound, active metabolites,
and any significant environmental breakdown products (identified in Chapter 7) should be

discussed here.

If general information is known about the substance (i.e., chemical class, structural similarities,
physical/chemical properties, etc.), the author should use reasonable conjecture to discuss a
possible mechanism of action (based on the scientific literature) when conclusive evidence for a
specific mechanism is not known. Potential areas of concern may be identified through

structure-activity relationships.

Guidance specific to children=s health

e [s the mechanism of action known or suspected to be different in children? Discuss the

evidence.
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0 Does [Chemical X] or its metabolites indirectly affect the fetus? Examples include
interference with blood flow, oxygen, or nutrient transport to the placenta or with

waste transport from the placenta.

0 Does [Chemical X] or its metabolites indirectly affect the neonate during lactation?

3.5.1 Pharmacokinetic Mechanisms

The following topics should be addressed, but the underlined topics are not headings.

Absorption.

By what mechanism is the substance transferred from the gut, lungs, and skin to the blood (or
site of toxic action, if the blood is not involved in transport)? For example, are the mechanisms
passive or active? Is a specific facilitated or active transport mechanism involved? Does
absorption involve an intermediary (e.g., metallothionein)? Is the absorption process saturable
or capacity limited? Does the parent compound have the ability to ionize? If so, what section of
the gastrointestinal tract is likely to absorb it, based on its pK,? If the compound is lipophilic, is
it of a small enough molecular weight to diffuse passively across the cell membranes of gut,
dermal, or pulmonary epithelial cells? Can it be metabolized by either gut microflora or
enzymes of the intestinal mucosa? If so, how does this affect absorption? Is it absorbed
primarily into the lymphatics or the blood? Does diet or micronutrients affect absorption? Is
information available on the influence of different vehicles or diluents on dermal or oral

absorption? Is pulmonary absorption perfusion or ventilation limited?

Distribution

What is the pattern of tissue distribution of the substance and its metabolites? Is distribution
dose-related? What is the mechanism by which the chemical is transported from the site of
absorption to the site(s) of deposition? Is there an intermediary, such as a binding protein? Is

there a first-pass effect in the liver, if the compound is absorbed from the gastrointestinal tract
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into the blood? If the compound is volatile, is it blown off during first-pass pulmonary

circulation?

Storage

Are there mechanisms for storage, e.g., binding to particular cellular macromolecules such as
metallothionein, lipophilic partitioning into adipose tissue, or sequestration to "deep" depots

such as bone?

Excretion

How is the chemical eliminated from the body? What contribution is made by excretion of the
parent compound or metabolites via renal, pulmonary, biliary, and other routes? Are these
excretion mechanisms active or passive? Do they show evidence of capacity limitation
(saturation) within the dose range of animal testing and/or expected human exposure? In regard
to metabolic elimination, is there a significant contribution by tissues other than the liver? If
more than one pathway of metabolism is involved in the metabolic elimination of the compound,
do the various pathways show differences in capacity limitation that might cause the metabolic
profile of the substrate to change as a function of dose? Is there a "futile cycle" in the
metabolism of the chemical? (An example is the N-acetylation of dapsone in humans; the N-
acetyldapsone formed cannot be excreted into urine but must be first deacetylated back to
dapsone before elimination can occur, either by urinary excretion of dapsone or metabolism to
N-hydroxydapsone, which can be excreted.) Are there mechanisms for reabsorption, such as

cleavage of conjugates in the urine or enterohepatic circulation?

Effect of Dose and Duration of Exposure on Toxicity

Is the dose-response curve unusually steep, or is there other reason to expect that toxicity seen at
high doses may not extrapolate linearly to low doses? Is there reason to expect that capacity
limitation of pathways of metabolism and/or excretion may influence dose-response
relationships for toxicity? Can such phenomena indicate that a threshold in the dose-response
relationship for toxicity is to be expected? Can toxicity be related to a specific concentration of
chemical in a target organ? Is toxicity reversible and related to excretion of the chemical? Can

the organism adapt to xenobiotic exposure, such as by induction of metabolic or DNA repair
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enzymes? If there is any question about whether a particular endpoint represents an adaptive
response, this is the appropriate place to discuss the issue. Is there evidence to suggest that
chronic exposure may lead to depletion of essential cosubstrates for metabolic elimination such
that dose-response relationships may change as a function of time of exposure? If so, is this

likely to be different in situations of high- and low-dose exposure?

In cases where toxicity results from the action of toxic active/reactive metabolite(s) and where
the toxicity assessment is based on epidemiological data gathered from occupational exposure,
clearly state how the dose/exposure level was calculated and the confidence that can be placed in
this assessment. Indicate whether or not the available evidence distinguishes between causality
of the chronic low-level exposure and the possibility of occasional accidental higher level
exposure. If appropriate, indicate PBPK data needs on the metabolic distribution of high versus

low doses of the chemical.

Route Dependent Toxicity

Is toxicity route-dependent? If so, is there a pharmacokinetic explanation?

3.5.2Mechanisms of Toxicity

Effects of Metabolism on Toxicity

Is toxicity associated with the parent chemical, its metabolite(s), or a combination(s) of parent
compound and metabolites? Is there reason to believe that toxicity is initiated by the action of a
chemically reactive metabolite of the parent compound and/or by reactive oxygen species
generated by redox cycling of one or more of its metabolites? In what organs are these
metabolic enzymes present? Do the pathways of metabolism become capacity limited or
saturated within the dose ranges used in animal testing or in the expected range of human
exposure? Discuss methods, if available, to identify the doses at which capacity limitation of
pathways may influence dose-response relationships. Can the ratios of various metabolites or
increases in the absolute levels of metabolites or of metabolite-derived products be used as
biomarkers of effect and/or susceptibility? Which pathways have the lowest capacities, and can

these capacities be related to possible exposure levels?
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What is known about the relationships between target tissue dose and applied dose? In the case
of toxicity resulting from an active or reactive metabolite, what information is available that
relates production of the ultimate toxic metabolite to metabolic parameters and metabolic
distribution to applied dose? Are ultimate toxic metabolites formed in the target tissue or
transported there after formation elsewhere, either as such or as proximate metabolites? Can the
rate of delivery of proximate or ultimate toxic metabolites to target tissues be estimated from

PBPK models?

Do relevant human polymorphisms (e.g., allelic variation for key metabolic pathways) exist? If
so, are they likely to influence susceptibility? (Polymorphisms usually have to be found by doing
a search on the identified enzymes; such information is often not identified in a substance-
specific search.) Discussion should be linked with both Section 3.10 (Populations That Are
Unusually Susceptible) and Section 3.12 (Adequacy of the Database).

Target Organ Toxicity

What is currently known about the mechanism by which the chemical initiates organ toxicity?
Present the evidence for individual steps in the toxic sequence, indicating what is established and
what is hypothesized. (A diagram may be helpful here.) Indicate alternate hypotheses where
there are adequate supportive data. Discussion should be linked to Section 3.12 (Adequacy of

the Database).

Are there human diseases or metabolic conditions that predispose the target organ to damage?
(This may require a separate search on target organ impairment.) Discussion should be linked to

Section 3.10 (Populations That Are Unusually Susceptible).

Are there species and/or strain features or special metabolic conditions in the laboratory animals
used in toxicity testing that may influence their responsiveness (due to enhanced or decreased
susceptibility) as compared with humans? Are physiological or anatomical differences of
concern in the extrapolation of the animal data to humans (i.e., likely to cause under- or

overestimation of dose-response relationships)?
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Carcinogenesis

Mechanisms for both non-cancer and cancer effects should be discussed. For cancer, the
following issues should be addressed, if possible. Is this xenobiotic a complete carcinogen? An
initiator? A promoter? Can DNA adducts be isolated? Have mutation spectra (a unique pattern
of transitions, transversions, and basepair deletions or additions characteristic of exposure to a
particular mutagen) been identified? Can electrophiles (potential DNA attackers) be identified
in the metabolic scheme? If so, are these electrophiles explicitly identified on the metabolic

diagram in Section 3.4.3 (Metabolism)? Is the xenobiotic an intercalator? A clastogen?

3.5.3 Animal-to-Human Extrapolations

Discuss qualitative and quantitative differences in the metabolic pathways for relevant
comparison species (i.e., species for which the majority of the toxicity data are available, or from
which key data are derived). Do these metabolic differences explain interspecies variance in

toxicity? Are certain animal models inappropriate to use for extrapolation to humans?

If toxicity differs between species, what is the most appropriate animal model for human health
effects? Is there a biologically plausible mechanism for explaining positive epidemiological
studies? Have certain health effects been demonstrated in animal models that are unlikely to
occur in humans (e.g., male rat-specific nephropathy caused by a,,-globulin accumulation)?
Does the mechanism suggest potential endpoints to examine in future epidemiological studies?

Discuss relevant in vitro data and models.

3.6 TOXICITIES MEDIATED THROUGH THE NEUROENDOCRINE AXIS

Add section 3.6 - Toxicities Mediated Through the Neuroendocrine Axis immediately following
section 3.5 - Mechanisms of Action. Continue to include "Endocrine Effects" under systemic

effects in Chapter 3 (Health Effects).

Begin the section with the following boilerplate:
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Recently, attention has focused on the potential hazardous effects of certain chemicals on
the endocrine system because of the ability of these chemicals to mimic or block
endogenous hormones. Chemicals with this type of activity are most commonly referred
to as endocrine disruptors. However, appropriate terminology to describe such effects
remains controversial. The terminology endocrine disruptors, initially used by Colborn and
Clement (1992) and was also used in 1996 when Congress mandated the Environmental
Protection Agency (EPA) to develop a screening program for A...certain substances [which]
may have an effect produced by a naturally occurring estrogen, or other such endocrine
effect[s]...@. To meet this mandate, EPA convened a panel called the Endocrine Disruptors
Screening and Testing Advisory Committee (EDSTAC), which in 1998 completed its
deliberations and made recommendations to EPA concerning endocrine disruptors. In
1999, the National Academy of Sciences released a report that referred to these same types
of chemicals as hormonally active agents. The terminology endocrine modulators have also
been used to convey the fact that effects caused by such chemicals may not necessarily be
adverse. Many scientists agree that chemicals with the ability to disrupt or modulate the
endocrine system are a potential threat to the health of humans, aquatic animals, and
wildlife. However, others think that endocrine-active chemicals do not pose a significant
health risk, particularly in view of the fact that hormone mimics exist in the natural
environment. Examples of natural hormone mimics are the isoflavinoid phytoestrogens
(Adlercreutz 1995; Mayr et al. 1992; Livingston 1978). These chemicals are derived from
plants and are similar in structure and action to endogenous estrogen. Although the public
health significance and descriptive terminology of substances capable of affecting the
endocrine system remains controversial, scientists agree that these chemicals may affect
the synthesis, secretion, transport, binding, action, or elimination of natural hormones in
the body responsible for maintaining homeostasis, reproduction, development, and/or
behavior (EPA 1997). Stated differently, such compounds may cause toxicities that are
mediated through the neuroendocrine axis. As a result, these chemicals may play a role in
altering, for example, metabolic, sexual, immune, and neurobehavioral function. Such
chemicals are also thought to be involved in inducing breast, testicular, and prostate

cancers, as well as endometriosis (Hoel et al. 1992; Giwercman et al. 1993; Berger 1994).
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Begin by discussing any pertinent (general or historical) review articles of endocrine
disruption of [substance X]. Whether or not a generalized review is available will depend greatly
on the availability of scientific information about the endocrine disrupting potential of [substance
X] and other factors (i.e. public perception, widespread use of substance, etc.). Summarize
literature pertaining to human health effects. Follow with discussion of endocrine disruption in
laboratory animals, then in wildlife and fish. Data summarized should include the following

information:

Females: disruption of normal sexual differentiation, ovarian function (i.e., follicular growth,
ovulation, corpus luteum formation and maintenance), fertilization, implantation, and pregnancy.
Also include relevant information on alterations of the uterus or endometrium (endometriosis)

and mammary gland (breast cancer) as appropriate.

Males: disruption of normal sexual differentiation; testicular function (i.e., Leydig cell
hyperplasia or tumors, Sertoli cell alterations/tumors, alterations in sperm production), and

alterations of the prostate (prostatic hyperplasia/cancer).

Other endocrine organs: hypothalamus, pituitary, thyroid, parathyroid, adrenal, pancreas,

paraganglia, and pineal body.

As a matter of science policy, the terminology "endocrine modulation" is not to be used in
this section. This section addresses endocrine disruption and terminology should reflect the
same. When no studies pertaining to endocrine disruption in humans or animals (laboratory or
wildlife/fish) are located, the following boilerplate sentence should be inserted: No studies were
located regarding endocrine disruption in [humans and/or animals] after exposure to
[substance x]. End by summarizing relevant in vitro studies. If no in vitro studies are located,
insert the following boilerplate sentence: No in vitro studies were located regarding endocrine

disruption of [substance x].
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CHILDREN’S SUSCEPTIBILITY

This section will immediately follow 3.6 - Toxicities Mediated through the Neuroendocrine

AXIis.

The following boilerplatewill be used to introduce this section.

This section discusses potential health effects from exposures during the period from

conception to maturity at 18 years of age in humans, when all biological systems will have

fully developed. Potential effects on offspring resulting from exposures of parental germ

cells are considered, as well as any indirect effects on the fetus and neonate resulting from

maternal exposure during gestation and lactation. Relevant animal and in vitro models

are also discussed.
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Children are not small adults. They differ from adults in their exposures and may differ in
their susceptibility to hazardous chemicals. Children=s unique physiology and behavior
can influence the extent of their exposure. Exposures of children are discussed in Section

6.6 Exposures of Children.

Children sometimes differ from adults in their susceptibility to hazardous chemicals, but
whether there is a difference depends on the chemical (Guzelian et al. 1992; NRC 1993).
Children may be more or less susceptible than adults to health effects and the relationship
may change with developmental age (Guzelian et al. 1992; NRC 1993). Vulnerability often
depends on developmental stage. There are critical periods of structural and functional
development during both prenatal and postnatal life, and a particular structure or function
will be most sensitive to disruption during its critical period(s). Damage may not be
evident until a later stage of development. There are often differences in pharmacokinetics
and metabolism between children and adults. For example, absorption may be different in
neonates because of the immaturity of their gastrointestinal tract and their larger skin
surface area in proportion to body weight (Morselli et al. 1980; NRC 1993); the
gastrointestinal absorption of lead is greatest in infants and young children (Ziegler et al.
1978). Distribution of xenobiotics may be different; for example, infants have a larger
proportion of their bodies as extracellular water, and their brains and livers are
proportionately larger (Widdowson and Dickerson 1964; Fomon et al. 1982; Owen and
Brozek 1966; Altman and Dittmer 1974; Fomon 1966). The infant also has an immature
bloodBbrain barrier (Adinolfi 1985; Johanson 1980) and probably an immature
bloodBtestis barrier (Setchell and Waites 1975). Many xenobiotic metabolizing enzymes
have distinctive developmental patterns. At various stages of growth and development,
levels of particular enzymes may be higher or lower than those of adults, and sometimes
unique enzymes may exist at particular developmental stages (Leeder and Kearns 1997;
Komori et al. 1990; Vieira et al. 1996; NRC 1993). Whether differences in xenobiotic
metabolism make the child more or less susceptible also depends on whether the relevant
enzymes are involved in activation of the parent compound to its toxic form or in

detoxification. There may also be differences in excretion, particularly in newborns who
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all have a low glomerular filtration rate and have not developed efficient tubular secretion
and resorption capacities (Altman and Dittmer 1974; West et al. 1948; NRC 1993).
Children and adults may differ in their capacity to repair damage from chemical insults.
Children also have a longer remaining lifetime in which to express damage from chemicals;

this potential is particularly relevant to cancer.

Certain characteristics of the developing human may increase exposure or susceptibility;
whereas, others may decrease susceptibility to the same chemical. For example, although
infants breathe more air per kilogram of body weight than adults breathe, this difference
might be somewhat counterbalanced by their alveoli being less developed, which results in

a disproportionately smaller surface area for alveolar absorption (NRC 1993).

The full citations for the references mentioned in this boilerplate are listed in this guidance for

Chapter 9: References.

The scope of the Developmental Effects sections of the Toxicological Profiles has been
broadened. In the past, the Developmental Effects sections of the profile covered only the
interval from implantation through 18 years of age in humans and through sexual maturity in
animals. The Reproductive Effects sections cover effects resulting from exposures during the
interval from the generation of parental germ cells to conception up through implantation of the
offspring. The scope of the Reproductive Effects sections has not changed. The
Developmental Effects sections will now include developmental health effects on the
offspring resulting from exposures to parental germ cells (formed when the parents were in
utero), the conceptus through the preBimplantation blastocyst stage, and all subsequent
developmental stages up through 18 years of age in humans or sexual maturity in animals.
These Developmental Effects sections will discuss exposures that might result in developmental
health effects to the embryo or later stages of life. Deaths at any stage before implantation will
still only be discussed in the Reproductive sections because such outcomes do not affect the
health of the embryo, fetus, infant, child, adolescent, adult, or adult’s offspring. The reason for

this change in scope is recent research in animals showing that exposure of parental germ cells or
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preBimplantation conceptuses to certain mutagens can result in structural malformations in
lateBstage fetuses and neonates, although these phenomena are often accompanied by an
expectedly high death rate in litter mates (Rutledge et al. 1992; Spielmann and Vogel 1989;
Rutledge 1997; Generoso et al. 1990). In theory, either genetic or nonBgenetic damage (such as
changes in DNA methylation or disruption of the expression of key developmental regulatory
molecules) to the parental germ cells or the preBimplantation conceptus could result in
functional or structural defects in the offspring. Mutations and childhood cancer are also
theoretical outcomes of preBimplantation damage. Organogenesis is still considered the most

susceptible period for the induction of structural malformations.

References:

Rutledge JC, Generoso WM, Shourbaji A, Cain KT, Gans M, and Oliva J. 1992.
Developmental anomalies derived from exposure of zygotes and firstBcleavage embryos to
mutagens. Mutation Research 296:167-177.

Spielmann H and Vogel R. 1989. Unique role of studies on preBimplantation embryos to
understand mechanisms of embryotoxicity in early pregnancy. Critical Reviews in
Toxicology 20:51-64.

Rutledge JC. 1997. Developmental toxicity induced during early stages of mammalian
embryogenesis. Mutation Research 396:113-127.

Generoso WM, Rutledge JC, and Aronson J. 1990. Developmental anomalies: mutational
consequence of mouse zygote exposure. Banbury Report 34: Biology of Mammalian Germ

Cell Mutagenesis, Cold Spring Harbor Press.

Authors of chapter 3 should be familiar with both a) the main literature search strategy and any
supplemental search strategies used for [Chemical X] and b) whether these searches are likely to
have missed any relevant resources. Authors of chapter 3 are responsible for instigating
supplemental literature searches [see Literature Search]| as necessary. The need for a
supplemental literature search may become obvious at any time during Toxicological Profile

development.
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The following questions should be addressed both in the relevant sections of the Toxicological

Profile (noted in bold in parentheses) and in this section. When necessary for clarity, define the

specific stages of growth and development to which the discussion applies. Section 3.7 is to be

a STAND-ALONE section of the profile. Section 3.7 should be an ANALYTICAL

SYNOPSIS of information discussed elsewhere in the profile, not a wordBforBword

regurgitation of the information discussed in other sections. Within each topic, please

discuss human data first, then relevant animal data.

Must be discussed, if only to say that no information is available.

0 Should not be discussed if there is no relevant information.

What health effects have been observed in children? [Example: childhood asthma
discussed in the Respiratory Effects sections.] Are there health effects observed in
adults that are also of potential concern in children? What health effects have been
observed in adults exposed as children? What health effects have been observed in
immature animals from embryos up through maturity? Do children and immature
animals exhibit the same types of health effects as adults? Do the doses that cause
effects in children and adults or in immature and adult animals consistently differ?
How? Consider any epidemiologic studies that focus on the consequences of
exposures before age 18 years, even if the effects are not evident until adulthood. If
there are little or no data on children, state that “The effects of [Chemical X] have not
been (thoroughly?) studied in children, but they would likely experience the same
health effects seen in adults exposed to [Chemical X].” (3.2 Discussion of Health

Effects by Route of Exposure and 2.0 Relevance to Public Health if appropriate).

Does the susceptibility of children to the health effects from [Chemical X] differ from
that of adults? How? Why? Are there any specific theoretical reasons for thinking
that embryos, fetuses, infants, children, and adolescents would differ from adults in

their vulnerability? Such reasons might include whether the metabolic enzymes
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activating or detoxifying [Chemical X] have age-dependent expression. Note that if
children are less susceptible, or have the same susceptibility as that of adults, this fact
should be stated and the evidence discussed. Relevant animal models should also be

discussed. (3.10 Populations That Are Unusually Susceptible)

Is the developmental process altered by the toxicant? Discuss data on children,
animals, and in vitro developmental models. Remember that the reproductive,
immune, and nervous systems especially continue to develop after birth.
Developmental problems may include functional neurological development, such as
learning deficits and deficits in social behavior. Consider endocrine disruption of
developmental processes and any epidemiologic studies that focus on the
consequences of exposures before age 18 years, even if the effects are not evident
until adulthood. If the developmental process is altered by the toxicant, how does the
effective dose or range of effective doses in children compare with that in adults? If
developmental effects only occur near maternally toxic doses, this point should be
discussed. (3.2 Discussion of Health Effects by Route of Exposure and in 2.0
Relevance to Public Health if appropriate).

Do [Chemical X] or its active metabolites reach (this may depend on the route of
exposure to the mother: inhalation, oral, or dermal exposure) and cross the placenta
or placental precursors? Does [Chemical X] or its metabolites preferentially
accumulate on the fetal side of the placenta? If possible, indicate quantitatively how
much of [Chemical X] crosses the placenta. Does the placenta itself trap and
accumulate [Chemical X]? If there are intraperitoneal (i.p.) or intravenous (i.v.)
data about the permeability of the placenta, they should be discussed with
caveats about extrapolating to inhalation, oral, or dermal exposure of the
mother. Point out that humans are unlikely to be exposed to [Chemical X] by i.p. or
1.v. routes, but that any positive data show that [Chemical X] could cross the placenta
if exposure was great enough to achieve comparable maternal blood levels. Of
course, negative data could be interpreted to mean that [Chemical X]Cat least the

parent compoundCwould be unlikely to cross the placenta regardless of the exposure
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circumstances. [Note that the scientist selecting literature must acquire the data

about i.p. and i.v. exposure and placental transfer.]

It is particularly important to discuss access to the placenta in cases where the active form
of [Chemical X] could not possibly reach the placenta. An example of this would be
inhaled formaldehyde. Although formaldehyde itself can cross link DNA and protein,
inhaled formaldehyde is converted to formic acid on the surface of the upper respiratory
tract, and inhaled formaldehyde itself never reaches the systemic circulation. Thus, inhaled
formaldehyde would never reach the placenta, and small amounts of formic acid in the

maternal blood are likely to be innocuous. (3.4 Toxicokinetics)

e (Can [Chemical X] or its metabolites reach (this may depend on the route of exposure
to the mother: inhalation, oral, or dermal exposure) and get into breast milk? Are
[Chemical X] or its metabolites preferentially accumulated in breast milk? If
possible, indicate quantitatively how much of [Chemical X] is transferred to the
breast milk. If there are intraperitoneal (i.p.) or intravenous (i.v.) data about
transfer into breast milk, they should be discussed with caveats about
extrapolating to inhalation, oral, or dermal exposure of the mother. Point out
that humans are unlikely to be exposed to [Chemical X] by i.p. or i.v. routes, but that
any positive data show that [Chemical X] could be transferred to breast milk if
exposure was great enough to achieve comparable maternal blood levels. Of course,
negative i.v. data could be interpreted to mean that [Chemical X] (at least the parent
compound) would be unlikely to transfer to breast milk regardless of the exposure
circumstances. [Note that the scientist selecting literature must acquire the data

about i.p. and i.v. exposure and transfer into breast milk.]

It is particularly important to discuss access to the breast milk in cases where the active
form of [Chemical X] could not possibly reach the breast. An example of this would be
inhaled formaldehyde. See the previous discussion about the placenta. (3.4

Toxicokinetics)
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Is [Chemical X] stored in maternal tissues during pre-conception exposure, and if so,
can these stores be mobilized during pregnancy or lactation? Will this process result

in exposure to the embryo/fetus or neonate? (3.4 Toxicokinetics)

Does [Chemical X] or its metabolites indirectly affect the fetus? Examples
include interference with blood flow, oxygen, or nutrient transport to the

placenta or with waste transport from the placenta. (3.5 Mechanisms of Action)

Does [Chemical X] or its metabolites indirectly affect the neonate during

lactation? (3.5 Mechanisms of Action)

Are pharmacokinetics known or suspected to be different in children? Are there
nutritional deficiencies that change the pharmacokinetics of [Chemical X] in
children or animal models (e.g., influence of calcium and iron deficiencies and

fasting on absorption of lead)? (3.5 Toxicokinetics)

Is metabolism of [Chemical X] known or suspected to be different in children?
If the enzymes that m