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Notice

The U.S. Environmental Protection Agency (EPA) strives to provide accurate, complete, and useful
information. Neither EPA nor any person contributing to the preparation of this document,
however, makes any warranty, expressed or implied, with respect to the usefulness or effectiveness
of any information, method, or process disclosed in this material. Nor does EPA assume any
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Peer Review Workshop of
Dioxin Reassessment-Chapter 9: Toxicity Equivalency Factors for
Dioxin and Related Compounds and the Revised Integrated
Summary and Risk Characterization Document

CHARGE TO THE REVIEWERS

Introduction and Background

In April 1991, the U.S. Environmental Protection Agency (EPA) announced it would
conduct a scientific reassessment of the health risks of exposure to dioxins. This
reassessment was initiated in response to emerging scientific knowledge of the biological,
human health, and environmental effects of dioxin. Significant advances have occurred
in the scientific understanding of mechanisms of dioxin toxicity, of the carcinogenic and
other adverse health effects of dioxin in people, of the pathways to human exposure, and
of the toxic effects of dioxin to the environment.

EPA's reassessment activity led to the publication of a 1994 draft multi-volume document

titled Exposure and Human Health Reassessment of 2,3,7,8-Tetrachlorodibenzo-p-Dioxin
(TCDD) and Related Compounds. This 1994 draft was reviewed by the agency's Science
Advisory Board (SAB) in May 1995. Their review and subsequent Fall 1995 report had
four key recommendations:

# The review provided substantive comments on two sections in the reassessment
documents-the chapter on Dose Response Modeling (chapter 8) and the Risk
Characterization document (identified as chapter 9 in a previous draft).

# The review recommended development of a new chapter on toxicity equivalent
factors (TEF) for the purpose of gathering in one place the discussion and
scientific information on the complex issue and use of TEFs for dioxin and dioxin-
like compounds.

# The review approved the health and exposure sections (chapters 1-7) without the
need for further SAB review, provided EPA updated these sections with any
relevant new information before finalizing.

# The review recommended that the revised chapters on Dose Response Modeling
and Risk Characterization and the new chapter on TEFs should undergo external
peer review prior to the SAB's re-review.

To date, EPA has addressed the first three SAB recommendations listed above and
conducted an external peer review on the revised Dose-Response Modeling analysis
(chapter 8), but the agency has not yet conducted an external peer review of the updated
Integrated Summary and Risk Characterization or the new Chapter 9-Toxicity Equivalency
Factors (TEF) for Dioxin And Related Compounds. The scientific rigor of these
documents is the subject of this peer review.



During this peer review, EPA seeks expert opinions on several key questions that pertain
to the content of the documents, Integrated Summary and Risk Characterization and the
Toxicity Equivalence Factors (TEF) for Dioxin and Related Compounds. The questions
are classified into twelve general topics, listed on the following pages. Further, EPA
welcomes insights on additional topics relevant to these documents, but not explicitly
addressed in the other questions. Following the workshop, ERG will prepare a summary
report that documents the reviewers' responses to these questions. The reviewers will then
be asked to review the ERG report for accuracy, after which ERG will submit the final
peer review meeting report to the agency.

General Instructions When Preparing Written Comments
When addressing the questions to which you have been assigned, please make sure that you
have addressed the following general questions in your responses: Are the assumptions and
uncertainties clearly and adequately expressed?

#  Are the key issues, statements, and conclusions clearly stated?

#  Are the conclusions in the Integrated Summary and Risk Characterization supported
with sufficient data, information, arguments, and references?

#  Are the discussion points clear? How would you suggest improving the clarity of the
text?

#  Please make specific recommendations on improvements that can be made to the
document to improve it.

REVIEWER ASSIGNMENTS

ASSIGNED CHARGE QUESTIONS

TOPIC 1: BODY BURDENS

In Section 5.1 of the Integrated Summary and Risk Characterization report, EPA
concluded that body burden is a better metric for assessing inter-species scaling (animal
to human) than are other methods (e.g., daily dose information combined with an
uncertainty factor for pharmacokinetics, or 3/4 power body weight scaling).

Question 1:
Primary Reviewer-Brent Kerger
Secondary Reviewer-Richard Dickerson

Did EPA adequately justify its use of body burden as a dose metric for inter-species
scaling? Should the document present conclusions based upon daily dose?



TOPIC 2: USE OF A "MARGIN-OF-EXPOSURE APPROACH" TO
EVALUATE RISKS

EPA has recommended the use of margin-of-exposure (MOE) to evaluate the potential
for health effects from dioxin. This approach expresses exposure as a percent additivity
to background and recommends that it is a policy decision as to whether such increments
reach significance for decision making. EPA decided not to apply the RfD/RfC methods
to dioxin because of the relatively high background compared to effect levels and because
these methods are most useful for evaluating increments of exposure from specific sources
when background exposures are low and insignificant. EPA's decision to use an MOE
approach differs from the approaches taken by the Agency for Toxic Substances and
Disease Registry (ATSDR 1999) and WHO (1998), who calculate a minimal risk level
(MRL) of 1 pg/kg/day and tolerable daily intake (TDI) of 1 - 4 pg/kg/day, respectively.

Question 2
Primary Reviewer-Colin Park
Secondary Reviewer-Richard Dickerson, Lorenz Rhomberg

How might the rationale be improved for EPA's decision not to calculate an RfD/RfC,
and for the recommended MOE approach for conveying risk information? Is an MOE
approach appropriate, as compared to the traditional RfD/RfC? Should the document
present an RfD/RfC?

Question 3
Primary Reviewer-Lorenz Rhomberg
Secondary Reviewer-Mark Harris

The SAB commented that previous dose-response modeling was too limited to
biochemical endpoints (CYPIAL, 1A2, ...), Are the calculations of a range of EDO1 body
burden calculations for non-cancer effects in rodents responsive and clearly presented?
Please comment on the weight-of-evidence interpretation of the body burden data
associated with a 1% response rate for non-cancer effects that is presented in Chapter 8,
Appendix | and Figure 8-1 (where EPA considers that the data best support a range
estimate for EDO1 body burdens between 10 ng/kg to 50 ng/kg).

TOPIC #3: MECHANISMS AND MODE OF ACTION

The scientific community has identified and described a series of common biological steps
that play a role in most, if not all, observed dioxin-related effects in vertebrates, including
humans. Biochemical, cellular, and organ-level endpoints have been shown to be affected
by TCDD, but specific data on many of these endpoints do not generally exist for other
congeners. The discussion in Part I11 indicates that our understanding of mechanisms of
toxic action of TCDD is limited, but that a generalized mode-of-action can be discussed
in light of these uncertainties.



Question 4
Primary Reviewer-Mark Harris
Secondary Reviewer-Matti Viluksela

How might the discussion of mode-of-action of dioxin and related compounds be
improved?

Question 5
Primary Reviewer-Mark Harris
Secondary Reviewer-Matti Viluksela

Despite the lack of congener-specific data, does the discussion in the Integrated Summary
and Risk Characterization support EPA's inference that these effects may occur for all
dioxin-like compounds, based on the concept of toxicity equivalence?

TOPIC #4: TOXICITY EQUIVALENCY FACTORS

Dioxin and related compounds exist in nature as complex mixtures, the biological activity

of which can be estimated using relative potency values and an assumption of dose
additivity. Such anapproach has evolved over time and has been characterized as a useful
interim procedure to assess complex mixtures. The TEF approach has been accepted by
numerous countries and several international organizations. In 1995, the Science Advisory
Board supported "... EPA's use of Toxic Equivalencies for exposure analysis ...", but
suggested that the Agency describe the history and application of the TEF process more
explicitly.

Question 6
Primary Reviewer-Peter deFur
Secondary Reviewer-Mark Harris

Is the history, rationale and support for the TEQ concept, including its limitations and
caveats, laid out by EPA in a clear and balanced way in Chapter 9? Did EPA clearly
describe its rationale for recommending adoption of the 1998 WHO TEFs?

Question 7
Primary Reviewer-Brent Kerger
Secondary Reviewer-Matti Viluksela

Does EPA establish clear procedures for using, calculating, and interpreting toxicity
equivalence factors?



TOPIC #5: NON-CANCER EFFECTS

Based on the information presented in Part 11 of the reassessment, Health Assessment for
2,3,7,8-TCDD and Related Compounds, EPA believes that adequate evidence supports
the inference that humans are likely to respond with a broad spectrum of non-cancer
effects from exposure to dioxin and related compounds. These effects will likely range
from biochemical changes at or near background levels of exposure to adverse effects with
increasing severity as body burdens increase above background levels.

Question 8
Primary Reviewer-Richard Dickerson
Secondary Reviewer-Allan Smith

Have the available human data been adequately integrated with animal information in
evaluating likely effect levels for the non-cancer endpoints discussed in the reassessment?

Question 9
Primary Reviewer-Richard Dickerson
Secondary Reviewer-Peter deFur

Do reviewers agree with the characterization of human developmental, reproductive,
immunological, and endocrinological hazard? What, if any, additional assumptions and
uncertainties should EPA embody in these characterizations to make them more explicit?

TOPIC #6: CANCER EFFECTS

A weight-of-the-evidence evaluation suggests that mixtures of dioxin and related
compounds are strong cancer promoters and weak direct or indirect initiators, and thus are
likely to present a cancer hazard to humans. Although uncertainties remain regarding
quantitative estimates of upper bound cancer risk from dioxin and related compounds, the
reassessment uses various data sources to evaluate the slope of the dose-response curve
at the low end of the observed range (using the LEDO01). This approach uses a simple
proportional (linear) model and a calculation of both upper bound risk and margin of
exposure (MOE) based on human equivalent background exposures and associated body
burdens.

Question 10
Primary Reviewer-Allan Smith
Secondary Reviewer-Brent Kerger, Curtis Travis

Do you agree with the characterization in this document that dioxin and related
compounds are carcinogenic hazards for humans?

Question 11
Primary Reviewer-Allan Smith
Secondary Reviewer-Brent Kerger

Does the document clearly present the evolving approaches to estimating cancer risk (e.g.,



margin of exposure and the LEDOL1 as a point of departure), as described in the EPA
“Proposed Guidelines for Carcingenic Risk Assessment” (EPA/600/P-92/003C; April
1996)? Is this approach equally as valid for dioxin-like compounds.

Question 12
Primary Reviewer-Holly Hattemer-Fry
Secondary Reviewer-Colin Park

Please comment on the presentation of the range of upper bound risks for the general
population based on this reassessment. What alternative approaches should be explored
to better characterize quantitative aspects of potential cancer risk? Is the range that is
given sufficient, or should more weight be given to specific data sources?

TOPIC #7: BACKGROUND AND POPULATION EXPOSURES

The term "background exposures” is used to describe dioxin exposures for the general
population (i.e., individuals who are not exposed to readily identifiable point sources of
dioxin-like compounds). Current adult daily intakes of CDD/CDFs and dioxin-like PCBs
are estimated to average 45 and 25 pg TEQDFP-WHO98/day, respectively, for a daily
total intake of 70 pg TEQDFP-WHQO98/day (~1 pg/kg/day). The estimated current
average adult body burden of 5 ng TEQDFP-WHQO98/Kkg is substantially less than levels
measured in the late 1980s/early 1990s (~14 ng TEQDFP-WHO98/Kkg), yet still reflects
intakes from past exposure levels which are thought to be higher than current levels.
Considerable variability around these means exists due to both the quantity and types of
foods consumed. For instance, EPA has estimated that background exposures to dioxin-
like compounds may extend to levels at least three times higher than the mean, based on
normal variability in human diet and behavior. Beyond this variability, EPA notes the
existence of special populations that may be exposed to higher levels, such as individuals
living near discrete local sources, subsistence or recreational fishers consuming more highly
contaminated species, and nursing infants.

Question 13
Primary Reviewer-Myrto Petreas
Secondary Reviewer-Holly Hattemer-Fry, Christopher Rappe

Have the estimates of background exposure been clearly and reasonably
characterized?

Question 14
Primary Reviewer-Myro Petreas
Secondary Reviewer-Holly Hattemer-Fry, Christopher Rappe

Has the relationship between estimating exposure from dietary intake and estimating
exposure from body burden been clearly explained and adequately supported?



Question 15
Primary Reviewer-Myrto Petreas
Secondary Reviewer-Holly Hattemer-Fry, Christopher Rappe

Have important "special populations” and age specific exposures been identified and
appropriately characterized?

TOPIC #8: CHILDREN'S RISK

Federal agencies are obliged to consider risks to children in their regulatory decisions, with
risks that differentially impact children being particularly important. Based on the weight
of evidence, EPA considers that risks to children from dioxin and related compounds may
be increased compared to the general population, but acknowledges that more data are
needed to fully address this issue. EPA's conclusion is based on the spectrum of higher
dose toxicity evident in the Yusho/Yu-Cheng and Seveso incidents and on the
contemporary epidemiological literature which has shown structural and developmental
effects associated with low dose/background exposure to dioxin TEQ levels in various
children's cohorts. EPA has concluded that these human developmental effects are
consistent with those seen in animal bioassays and in in vitro studies, as well as with
dioxin's mechanism of action on cellular differentiation. However, the relative paucity of
data has prevented EPA from determining if children are differentially sensitive compared
to adults, and the extent to which such differential sensitivity occurs.

Question 16
Primary Reviewer-Matti Viluksela
Secondary Reviewer-Richard Dickerson, Allan Smith

Is the characterization on increased or decreased childhood sensitivity to possible cancer
and non cancer outcomes scientifically supported and reasonable? Is the weight of
evidence approach appropriate?

TOPIC #9: RELATIVE RISKS OF BREAST FEEDING

Based on estimates that human breast milk contains 35 ppt TEQDFP-WHO98 and a six
month nursing scenario, the average daily dioxin intake (on a TEQ basis) for an infant is
about 100 times higher than an adult-a notable finding given that infants' exposures occur
during sensitive developmental stages. However, the differences in body burden between
infants and adults are expected to be much less than differences in the daily intakes,
primarily because (1) the long half-life and cumulative nature of the body burden, (2)
equilibration throughout the infant's body, and (3) rapid growth in size of the infant.

Question 17
Primary Reviewer-Curtis Travis
Secondary Reviewer-Lorenz Rhomberg

Has EPA adequately characterized how nursing affects short-term and long-term body
burdens of dioxins and related compounds?



TOPIC #10 RISK CHARACTERIZATION SUMMARY STATEMENT

Based on the data reviewed in this reassessment and on scientific inference, a picture
emerges of TCDD and related compounds as potent toxicants in animals with the potential
to produce a spectrum of effects. Some of these effects may be occurring in humans at
general population background levels, particularly among more highly exposed groups or
special populations, with the spectrum of effects, and their potential to be adverse,
increasing as body burdens rise.

Question 18
Primary Reviewer-Peter deFur
Secondary Reviewer-All

Does the summary and analysis support the conclusion that enzyme induction, changes
in hormone levels, and indicators of altered cellular function seen in humans and
laboratory animals, represent effects of unknown clinical significance, but that may be
early indicators of toxic response? (Refer to pages 84-86.)

Question 19
Primary Reviewer-Colin Park
Secondary Reviewer-All

Has the short summary statement in the risk and hazard characterization on page 107
adequately captured the important conclusions, and the areas where further evaluation is
needed? What additional points should be made in this short statement?

TOPIC # 11: SOURCES

Many Dioxin sources have been identified and emissions to the environment are being
reduced. EPA's detailed inventory of dioxin emission sources quantifies, to the extent
possible,the emissions for 1987 and 1995 from the majority of known sources in the
United States, and provides preliminary estimates of emission factors for other sources
where the data are too preliminary to be used to provide national averages. This inventory
is presented in Part | of the dioxin reassessment, and has undergone peer review by the
SAB. The inventory and other exposure information provide evidence that environmental
levels of dioxin-like substances are being reduced through direct and indirect emission
control methods. The present information also suggests that reservoir sources in the
environment may be important factors to evaluate human exposures.

Question 20
Primary Reviewer-Christopher Rappe
Secondary Reviewer-Curtis Travis

Are these sources adequately described and are the relationships to exposure adequately
explained?



Question 21
Primary Reviewer-Peter deFur, Colin Park
Secondary Reviewer-All

Please provide any other comments or suggestions relevant to the two review documents,
as interest and time allow.



REVIEWER ASSIGNMENTS: PRIMARY, SECONDARY, AND ALL

PRIMARY SECONDARY ALL

REVIEWER REVIEWER REVIEWERS
REVIEWER FOR FOR ADDRESS

QUESTIONS: QUESTIONS: QUESTIONS:

DeFur 6, 18, 21 9 19
Dickerson 8,9 1,2,16 18,19 & 21
Harris 4,5 3,6 18,19 & 21
Hattemer-Frey 12 13,14, 15 18,19 & 21
Kerger 1,7 10, 11 18,19 & 21
Park 2,19, 21 12 18
Petreas 13, 14, 15 18,19 & 21
Rappe 20 13, 14, 15 18,19 & 21
Rhomberg 3 2,17 18,19 & 21
Smith 10,11 8, 16 18,19 & 21
Travis 17 10, 20 18,19 & 21
Viluksela 16 4,57 18,19 & 21
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Peter deFur
Environmental Stewardship Concepts

Primary Reviewer for Questions 6, 18, 21
Secondary Reviewer for Question 9
General Reviewer for Question 19



Peter deFur

President

Environmental Stewardship Concepts
11223 Fox Meadow Drive
Richmond, VA 23233

804-360-4213

Fax: 801-360-7935

E-mail: pldefur@igc.org

B.S., Biology & M.A, Biology, College of William and Mary
Ph.D., Biology, University of Calgary

With more than 25 years of research experience, Dr. deFur is a recognized expert in
biology, risk assessment, ecology, physiology, and toxicology. Recent research projects
of Dr. deFur’s include a review (as an outside consultant) of the EPA reassessment of
the health and environmental risks of dioxin and related compounds, and development
of policy recommendations and examination of federal policies and practice of risk
assessment. In March 1999, he served as the technical workshop chair for an EPA peer
review of the Draft Risk Characterization Guidance and Case Studies. He was a
member of the Steering Committee for the Society for Environmental Toxicology and
Chemistry (SETAC) workshop on multiple stressors in ecological risk assessment, the
SETAC workshop Ecological Risk Assessment Modeling System, and the National
Research Council Committee on Risk Characterization.



Richard Dickerson
Texas Tech University

Primary Reviewer for Questions 8 and 9
Secondary Reviewer for Questions 1, 2, 16
General Reviewer for Questions 18, 19, 21



Richard Dickerson

Associate Professor

Department of Biological Sciences & Department of Pharmacology
Institute of Environmental & Human Health

Texas Tech University

3601 4™ Street

Lubbock, TX 79430

806-743-2425

Fax: 806-743-2744

E-mail: richard.dickerson@ttmc.ttuhsc.edu

Richard Lee Dickerson is an associate professor with joint appointments in the
Department of Pharmacology at Texas Tech University Health Sciences Center and the
Department of Biological Sciences at Texas Tech University. He is a member of the
core faculty of the Institute of Environmental and Human Health (TIEHH) shared
between TTU and TTUHSC. He received a Bachelor of Science degree in chemistry
from Midwestern State University (Wichita Falls, Texas) in 1974. He worked as a
technician in the Department of Pharmacology at the University of Texas Health
Science Center at San Antonio for several years before obtaining a Master of Science in
chemical engineering from the University of Arkansas (Fayetteville) in 1980. Dr.
Dickerson worked for Dow Chemical Texas Division as an environmental engineer
until 1988. He obtained a doctor of philosophy in toxicology from Texas A&M
University in 1992. Dr. Dickerson worked at Clemson University until 1997, achieving
the rank of associate professor. In 1997, his department moved to Texas Tech
University. In 1995, Dr. Dickerson became a diplomate of the American Board of
Toxicology. Dr. Dickerson’s current research projects involve the effects of TCDD on
circadian rhythm in rodents as well as endocrine dysfunction caused by a number of
halogenated aromatic hydrocarbons. In addition, he is a member of a multidisciplinary
team examining the effects of jet fuel on military personnel.



Mark Harris
Risk Management, Inc.

Primary Reviewer for Questions 4, 5
Secondary Reviewer for Questions 3, 6
General Reviewer for Questions 18, 19, 21



Mark Harris

President

Harris Environmental Risk Management, Inc.
1900 Bluffview Court

Flower Mound, TX 75022

972-691-8338

Fax: 972-691-8099

E-mail: mark-harris@home.com

Dr. Mark A. Harris is President of Harris Environmental Risk Management, Inc. of
Flower Mound, Texas. His expertise is in human health risk assessment of
environmental contaminants with expertise in addressing halogenated aromatic
hydrocarbons (HAH) and chromium. His educational background includes receiving a
Bachelor of Science degree in Biochemisty from Texas A&M University, a Masters
degree in Business Administration from Southern Methodist University and a Ph.D. in
Toxicology from Texas A&M University. He has published over 25 peer reviewed
articles addressing various aspects of HAH and chromium toxicology and human health
risk assessment and has co-edited a book addressing various aspects of chromium risk
assessment. His employment experience includes working in both the consulting arena
preparing human health risk assessments for the regulated community for submission to
various state and federal agencies, and for a multinational integrated oil company
addressing numerous environmental issues on their behalf. In 1999, he co-founded
Harris Environmental Risk Management, Inc., a consulting firm that assists the
regulated community in addressing complex environmental issues. He is a member of
the Socity of Environmental Toxicology and Chemistry (SETAC), the Society for Risk
Analysis (SRA) and the American Society of Testing and Materials (ASTM).



Holly Hattemer-Frey
SAF*Risk

Primary Reviewer for Question 12
Secondary Reviewer for Questions 13, 14, 15
General Reviewer for Questions 18, 19, 21



Holly Hattemer-Frey

Senior Risk Assessment Scientist
SAF*Risk

1100 Sanders Road

Knoxville, TN 37923
865-531-9050

Fax: 865-691-9652

E-mail: safrisk_tn@earthlink.net

Holly A. Hattemer-Frey is a Senior Risk Assessment Scientist with 15 years of risk
assessment experience who has authored more than 40 open literature publications and
technical reports and given numerous oral presentations on diverse risk assessment
topics. She has authored 15 papers on various dioxin-related topics including human
exposure to, environmental sources of, and fate and transport of dioxin. She edited
Health Effects of Municipal Waste Incineration and served as a consultant to the National
Academy of Sciences Committee on Animals as Monitors of Environmental Hazards.
While with SAF*Risk, she prepared a full-scale Ecological Risk Assessment for a Boiler
and Industrial Furnce in Louisianna and prepared Risk-Based Corrective Action
(RBCA) analyses for various UST sites. Previously with Dames & Moore, she
performed many Human Health and Ecological Risk Assessments for RCRA,
CERCLA, and other types of hazardous waste sites for private and government clients.
She also coordinated human health and ecological risk efforts at DOE's Oak Ridge
Reservation for Radian Corporation. As an Environmental Scientist with Oak Ridge
National Laboratory's Office of Risk Analysis, Ms. Hattemer-Frey gained experience in
assessing the extent of human exposure to organics through the food chain, evaluating
human health effects associated with municipal waste incineration, evaluating the
potential impacts of releasing genetically-altered oprganisms into the environment, and
using pharmacokinetics to improve the risk assessment process. She obtained a Master
of Environmental Sciences degree from Miami University (Ohio) and a Bachelor of
Arts degree, cum laude, from Ohio Wesleyan University.



Brent Kerger
Health Science Resource Integration, Inc.

Primary Reviewer for Questions 1, 7
Secondary Reviewer for Questions 10, 11
General Reviewer for Questions 18, 19, 21



Brent Kerger

Principal Scientist and Director

Health Science Resource Integration, Inc.
2976 Wellington Circle, W

Tallahassee, FL 32308

850-894-4800

Fax: 850-906-9777

E-mail: brentkerger@worldnet.att.net

B.S., Chemistry, Florida State University
Ph.D., Toxicology, University of Arkansas for Medical Sciences

Dr. Kerger, a Principal Health Scientist and Director of Health Science Resource
Integration, Inc., has over 18 years experience in conducting, managing, and publishing
studies involving toxicology, environmental chemistry, and the investigation of
environmental problems. A board-certified toxicologist, he has thoroughly researched
key toxicological issues surrounding human exposures to a wide range of chemicals,
particularly chlorinated compounds, heavy metals, and benzene. He is very familiar
with the clinical and epidemiological studies of dioxin-exposed cohorts, as well as the
animal and epidemiological literature on chlorinated dibenzofurans and PCBs. His
work related to dioxin has included authoring many summary and interpretation
documents regarding weight-of-evidence for disease causation; performing dioxin
exposure assessments and risk assessment calculations in dozens of site-specific risk
assessments and occupational exposure evaluations; evaluating epidemiological dose-
response date in relation to animal dose-response data for cancer; examining human
versus animal susceptibility to cancer potentially cause by dioxins; researching the
available scientific literature to develop plausible, refined estimates of dioxin uptake
resulting from specific work activities; developing dermal uptake models that were
integrated with PBPK models for total dioxin uptake to estimate change in tissue
concentration of dioxin over time; and comparison of quantitative estimates of daily
and total dioxin dose to dietary uptake. He has published numerous peer-reviewed
articles on chemical toxicity, PBPK modeling, and innovative exposure and risk
assessment techniques, including Validating Dermal Exposure Assessment Techniques for
Dioxin Using Body Burden Data and Pharmacokinetic Modeling; The Use of Health Risk
Assessment in Toxic Tort Litigation: A Case Study Evaluating Off-Site Impact of Dioxin-
Contaminated Soils; Multipathway Assessment of Dioxin Uptake and Resulting Body Burden for
Selected Occupational Exposure Scenarios; Exposure Modeling and \Validation Studies for
Aerosols: A Case Study of Dioxin Exposure During Roadside Weed Abatement with 2,4,5-T;
and Risk Communication Regarding Dioxin Exposures to Infants from Mother’s Milk.



Colin Park

Primary Reviewer for Questions 2, 19, 21
Secondary Reviewer for Question 12
General Reviewer for Question 18



Colin Park

Private Consultant

1878 Hicks Road

Midland, M1 48642
517-835-5249

Fax: 517-837-8704

E-mail: crewcolin@aol.com

Dr. Park worked for The Dow Chemical Company for 29 years and retired in 1998 as a
senior associate environmental consultant and issues manager in the environmental and
health area. His main interest was in the use of risk assessment in regulation,
legislation and communications.

He received a B.S. degree in mathematics in 1965 from the University of British
Columbia and earned a M.S. and Ph.D. in applied statistics from Purdue University in
1970. He joined Dow in 1970 as a statistical consultant and held a number of
statistics, computer, and risk assessment positions in Dow.

Dr. Park has served on the Science Advisory Board of the National Center for
Toxicology Research, and on the Risk Assessment Committee of the Council on
Environmental Quality for the State of Michigan, as well as on numerous EPA review
committees.



Myrto Petreas
California Environmental Protection Agency

Primary Reviewer for Questions 13, 14, 15
General Reviewer for Questions 18, 19, 21



Myrto Petreas

Scientist

Hazardous Materials Lab

Department of Toxic Substances Control
California Environmental Protection Agency
2151 Berkeley Way

Berkeley, CA 94704

510-540-3624

Fax: 510-540-2305

E-mail: mpetreas@dtsc.ca.gov

B.Sc., Chemistry, University of Thessaloniki
M.S., Environmental Health Sciences; M.P.H., Epidemiology, and Ph.D.,
Environmental Health Sciences, University of California, Berkeley

Myrto Petreas is an environmental scientist managing the Special Studies section within
the Hazardous Materials Laboratory of the California Environmental Protection
Agency (Cal/EPA). She is a chemist and an epidemiologist focusing on exposure
assessment. She designs, co-ordinates and manages studies to assess exposures to
environmental contaminants posing health effects to humans and wildlife, and oversees
the development of analytical methods for ultra trace chemicals (dioxins, PCBs,
organochlorine pesticides, and new, emerging chemicals with endocrine disrupting
properties) in environmental and biological samples. She is currently directing a
systematic effort to characterize dioxin body burdens, as well as baseline dioxin levels
in soils and biota in California.



Christopher Rappe
Umea University

Primary Reviewer for Question 20
Secondary Reviewer for Questions 13, 14, 15
General Reviewer for Questions 18, 19, 21



Christopher Rappe

Professor Emeritus

Department of Chemistry

Umea University

Umed 901 87

Sweden

011-46-90-786-5266

Fax: 011-46-90-128-133

E-mail: christpher.rappe@chem.umu.se

B.S., Chemistry and Geology
M.S., Organic Chemistry, Chemistry, and Biochemistry
Ph.D., Organic Chemistry, all from Uppsala University, Sweden

Dr. Christoffer Rappe is a leading international expert on dioxin, with a particular focus
on dioxin exposure assessment. He has worked and taught in academia for over 40
years and is currently Professor Emeritus at Umea University. Dr. Rappe has published
hundreds of papers in environmental chemistry and has served as an invited expert,
member, advisor, or speaker for innumerable committees and events concerning dioxin
and related compounds. These professional assignments have included serving as an
author for the World Health Organization’s Environmental Health Criteria Document
on PCDDs and PCDFs; as a peer reviewer for EPA documents on polychlorinated
dibenzofurans in 1980 and 1986 and polychorinated dioxins in 1983; as an invited
expert to the EPA workshop on dioxins in 1996; as an invited panel member for the
IEHR review panel on EPA’s Dioxin Draft Document; and as a member of the
organizing committee for four American Chemical Society meetings on dioxin and for
all DIOXIN meetings from 1984 to the present.



Lorenz Rhomberg
Gradient Corporation

Primary Reviewer for Question 3
Secondary Reviewer for Questions 2, 17
General Reviewer for Questions 18, 19, 21



Lorenz Rhomberg

Principal Scientist

Gradient Corporation

238 Main Street

Cambridge, MA 02142-1016
617-395-5000

Fax: 617-395-5001

E-mail: Irhomber@gradientcorp.com

B.Sc., Biology, Queen’s University
Ph.D., Biology, State University of New York at Stony Brook

Prior to joining Gradient Corp. Dr. Rhomberg was an Assistant Professor of Risk
Analysis at the Harvard School of Public Health, Harvard University. He has extensive
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Washington DC

General Comments:

Change the term “background” to present or ambient. EPA uses the term
“background” to refer to the present ambient levels of dioxins and related in the
environment. In using the term “background” in this way, EPA adopts its own
definition and practical use of the term. “Background” already has a definition
and connotation. The use of the term indicates “normal and acceptable”, rather
than ambient. EPA errs in using this term. The term implies a level that is
natural, acceptable and does not cause a response. EPA in the text attempts to
explain that such is not the case. Rather than try to convince the English
language using public to adopt a new understanding of the word, EPA should
use a more appropriate term that is already accurate, such as “ambient,
existing or current.” Using the term “background” will convey the message that
these levels are acceptable. Such a message would be an error, based on EPA’s
own information in the reassessment, and on the literature.

The addition of cross-referencing to other chapters and sections in the

document makes the product easier to use on a technical level.
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Topic 1
Question 1
General Reviewer

Did EPA adequately justify its use of body burden as a dose metric for inter-
species scaling? Should the document present conclusions based upon daily

dose?

Yes, although the less scientific readers will not follow the explanation. The
document should provide some comparisons with daily dose, but if daily doses
are used along side body burdens, then some readers will equate them and use
one interchangeably with the other.

Topic 2

Question 2

How might the rationale be improved for EPA's decision not to calculate an
RfD/RfC, and for the recommended MOE approach for conveying risk
information? Is an MOE approach appropriate, as compared to the traditional
RfD/RfC? Should the document present an RfD/RfC?

No comment at this time.

Question 3

Are the calculations of a range of EDO1 body burden for non-cancer effects in
rodents responsive and clearly presented? Please comment on the weight-of-
evidence interpretation of the body burden data associated with a 1% response
rate for non-cancer effects that is presented in Chapter 8, Appendix | and Figure
8-1.

No comment at this time.
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Topic 3

Question #4

How might the discussion of mode-of-action of dioxin and related compounds be
improved?

No comment at this time.

Question #5

General Reviewer

Despite the lack of congener-specific data, does the discussion in the Integrated
Summary and Risk Characterization support EPA's inference that these effects
may occur for all dioxin-like compounds, based on the concept of toxicity

equivalence?

Yes.

The data for wildlife and other non-human or non-experimental animals is most
useful here. These data are principally for reproductive and developmental
effects, less so for immune effects. EPA could insert more of these data into the

discussion to strengthen the justification both in the RCh and in the chapters.

Topic 4

Question #6

Primary Reviewer

Is the history, rationale and support for the TEQ concept, including its limitations
and caveats, laid out by EPA in a clear and balanced way in Chapter 9? Did EPA

clearly describe its rationale for recommending adoption of the 1998 WHO TEFs?

The TEF concept is largely explained in Chapter 9, now a stand-alone chapter.
This concept has been in the scientific literature for a number of years, and
EPA has used the TEF concept for dioxin and dioxin-like compounds in many
regulatory situations, especially at the national level. EPA has been using
TEF's determined as a result of scientific deliberation and published in Agency
documents (EPA, 1987).
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The chapter presents history and scientific background for the idea of TEF's at
conceptual and quantitative levels and of the application of TEF's in EPA. This
history and background is intended to bring together in one chapter the
scientific explanation and key literature. The chapter also is intended to
present the framework for applying the TEF concept and comment on

developments that are anticipated in the scientific background and application.

Generally, the chapter accomplishes the goals listed by EPA, charged by the
SAB and that this reviewer expected in a stand-alone piece on the subject. This
chapter is more detailed and explanatory than other review pieces on the
subject in the open literature, largely owing to the lack of space(page) limits in
the document.

This chapter is more technical than the Risk Characterization and the
Integrated Summary. A non-expert would have a great deal of trouble
understanding the chapter here, with the possible exception of some of the

introductory sections.

Most of this reviewer's comments fall under the category of specific comments,
including recommended changes in wording and style to improve clarity and
understanding. Several comments are quite substantive and these are offered

first.

Section 9.3.2 page 9-14, lines 18-30. This text seeks to explain a suggestion in
the literature (Safe, 1995) regarding the relative significance of anthropogenic
and “natural” chemicals that bind to the Ah receptor. The original suggestion
(Safe, 1995) has not been substantiated experimentally or in theoretical
analysis, and has not received, to this reviewer’'s knowledge, any support in the
five years since first published. This reviewer finds the concept untenable and
without merit on scientific grounds, based on what is known of the behavior of
natural and anthropogenic compounds that bind to receptors in multiple
animal systems. EPA should drastically reduce the treatment of this issue and

merely note that the point was raised and that there is no evidence or argument
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to support it in the face of a wealth of contradictory information and reasoning.
This could be done in a single paragraph that lists the reasons with citations
that refute the suggestion of Safe (1995).

Section 9.4.6: The text of the second paragraph does not convince me that TE
functions are beyond the reach of experimental determination and estimation.
If, in fact, all of the effects of TCDD-like chemicals are mediated through the Ah
receptor (which I do not doubt), and the next level of response is DNA
transcription, then it should be true that all of the subsequent cellular
responses fall into one of three categories: cellular process, product or
development changes. Such basic outcomes should be common among animals
and amenable to experimentation. Furthermore, | do not agree that these are
likely to be fundamentally different among species or among individuals. The
inherent conservatism in these basic biological functions, and the universal
nature of other similar basic functions (HSP, cytochromes, respiratory
pigments, Na+ ATPases, etc.) in fact offers reason to pursue this line of
research. Differences among animal species are likely to be modifications of
common pathways, as seen now, rather than fundamentally different pathways.
The difficulty faced at present is that none of the biochemical pathways for
TCDD has been detailed experimentally. | recommend that EPA compare
biochemical pathways of responses in animals from different taxonomic groups,

e.g. fish and rats.

Section 9.7 Summary

This is a key section that needs a bit of expansion, and split it into two
paragraphs. The opening sentence does not do full justice to the point made.
And Lines 16 -17 could state that ignoring other dioxins and furans will greatly
understate the threat, and treating all as equipotent to TCDD will overstate the

true threats.

Specific comments:
P 9-2, | 21—does the document need to include TEFn =
Line 30- please give date for the NATO meeting.
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Page 9-3, line 22- give citation for the WHO guidance

Line 32- clarify that this means birds and mammalian wildlife
Page 9-4, | 14-18—the text needs to clarify the date sequence with the conept
development sequence; as is, it reads oddly
Page 9-5, line 2 et seq: suggest putting these criteria in bullets

Line 18 et seq.- include research by Cook et al on the synergism between
PCB’s and dioxins in wildlife, espceially fish

Line 32 - insert (EROD)

Line 35 - spell out REP here

Page 9-7, lines 11-17 - | understand that WHO has on the agenda this August
to add brominated dioxins and furans to the WHO Tolerable Daily Intake for
dioxins and furans.

Line 26-7—EPA needs to give a better citation than “In Review” for this
important report on TEF's in wildlife that is now more than 2 years after the
completion of the peer-review workshop.

Page 9-8, lines 7-14 - this section seems to understate the significance of the
issue.

Line 35- should be "among” not between species
Page 9-9, lines 6-16—In addition, there is a literature on a growing number of
genes, families and specific proteins that occur in phyla that cover the same
range as listed here. This commonality is akin to other proteins and gene
families, such as Na+ ATPAases, cytochromes, hemoglobins, etc. and the
finding here in multiple phyla is a critically important point to EPA (and WHO)
using experimental data as a (or the) key data for determinations that dioxins
and furans should be classified as health risks to humans.

Lines 18-23 - reword, not clear enough here

Lines 35-6—this sentence is one of the most important (and the reference
needs to be more clear) and should be highlighted somehow in the way it is
presented. State it more emphatically as an important experimental result.
Page 9-18, line 24-28 is a run on sentence and needs fixing

Line 36—could EPA insert this figure in the document?

Page 9-23, lines 1-10 - suggest putting these numbers into a table, for clarity
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Page 9-30, lines 11-15 - This point needs better explanation. One need is to
elaborate on how TEQ is only one element of uncertainty.

Lines 32-24 - this is an awkward text, please rewrite.

Literature:
See papers by R. van Beneden on dioxin effects (including Ah receptor work) in

Mya and Mercenaria

Question #7
General Reviewer
Does EPA establish clear procedures for using, calculating, and interpreting

toxicity equivalence factors?

The methods here are fairly straightforward, but this reviewer is familiar with
the use, the concept etc. Applying TEF's also requires some understanding of
the uncertainties and variability in the steps, and how to express both

uncertainty and variability. | doubt that most practitioners and managers in

EPA could do so from the reassessment.

EPA should consider an additional document for application in field situations
such as superfund sites, emissions permits, discharge permits, food

consumption advisories, and soil assessments.

Topic 5

Question #8

Have the available human data been adequately integrated with animal
information in evaluating likely effect levels for the non-cancer endpoints
discussed in the reassessment?

No comment at this time.
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Question #9

Secondary Reviewer

Do reviewers agree with the characterization of human developmental,
reproductive, immunological, and endocrinological hazard? What, if any,
additional assumptions and uncertainties should EPA embody in these

characterizations to make them more explicit?

The Risk Characterization refers to the major portions of the reassessment to
support the conclusions that dioxin (and related compounds). In reaching these
conclusions, EPA relies on the large body of evidence regarding dioxins, furans
and PCB'’s actions and effects in a range of species. Much, but not all of this

literature is in the health chapters.

This reviewer agrees with EPA’s characterization on this point.

The explanation and justification for the conclusions here could be greatly
enhanced. The literature unequivocally demonstrates the extent of basic
biological functions that are conserved across vertebrate orders and families as
well as across phyla. Some of these include structure and function of
cytochromes, hemoglobin, Na+ ATPases, steroid hormones and their receptors,
protein hormones, neurotransmitters, and the basic structure and function of
all cells. The point of made in Chapter 9 that the Ah receptor gene is found in
the nematode (C. elegans) genome and additional elements occur in the few
other invertebrates that have been examined in detail. Thus, the basis for
taking a comparative approach is much stronger than stated here; EPA is

almost defensive on the point.

This reviewer predicts that most EPA managers will have difficulty when faced
with interpreting the reassessment and basing decisions to protect human
health on comparative data (when EPA has relied heavily on human
epidemiological data for decades). Thus, EPA should make it easier on the

users and provide the conceptual background.
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EPA has done a better job of expressing the uncertainties in predicting human
health effects. The wide range of quantitative Ah activities (20 fold) indicates
the range of sensitivities that may be found in humans. EPA could add in the
range of sensitivities that have been reported for some other common
anthropogenic toxic compounds, such as lead, benzene, DES, pharmaceuticals,
etc. The response of the human system to toxic chemicals is dependent on
more factors than EPA could possibly elaborate in this report. Yet EPA should
provide some additional text to explain this point for managers who will not be
familiar with such issues.

Topic 6

Question #10

General Reviewer

Do you agree with the characterization in this document that dioxin and related
compounds are carcinogenic hazards for humans?

Yes. The evidence of common mechanism of action in experimental animals,
coupled with the large number (18) of positive animal studies and the solid
epidemiological data from studies around the world support the conclusion of
dioxin being a carcinogen. Furthermore, the common mode of
action/mechanism of action of the dioxin like compounds supports the

application of the conclusion to these compounds as well.

Page 11, lines 23 -30—Change text. The explanation is so filled with caveates
that the reader is left with the impression that no one has the vaguest idea how
TCDD causes cancer, when in fact, there is a general scheme presented here.
Instead of the text that uses the word “may” in several places in each sentence,
simply open with a statement that the specific means by which dioxin causes
cancer is not yet fully explained. The current hypothesis is ... and spell it out
as theorized and written in Vol 2, Chapter 2. The present text is just too

defensive.
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Page 14, line 16-18—Insert the language that an increase in relative risk for all

cancers is a rare outcome in epidemiology studies.

Page 19, lines 6-7 — Does EPA truly believe that “beneficial effects” can result
from dioxin exposures? The data do not support this statement, and the text
needs to reword this point. While it may be true that the cohort in Seveso
exhibited reduced incidence of breast cancer, other cancers increased. Is that a
beneficial effect on health of the exposed population, compared with a cohort
not exposed to dioxin, clearly not. So do not say it was.

EPA can reword this to note the finding of reduced cancer incidence and the lab
findings, but do NOT imply “beneficial effects” from dioxin exposure; the data

are just not there.

Question #11

General Reviewer

Does the document clearly present the evolving approaches to estimating cancer
risk (e.g., margin of exposure and the LEDO1 as a point of departure), as
described in the EPA “Proposed Guidelines for Carcinogenic Risk Assessment”
(EPA/600/P-92/003C; April 1996)? Is this approach equally as valid for dioxin-

like compounds?

This approach is not as easy to explain and understand as the one known and
used for years, so EPA has much work to do in explaining it to both the public

and the EPA management staff around the country.

Question #12

Please comment on the presentation of the range of upper bound risks for the
general population based on this reassessment. What alternative approaches
should be explored to better characterize quantitative aspects of potential cancer
risk? Is the range that is given sufficient, or should more weight be given to
specific data sources?
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No comment at this time.

Topic 7

Question #13

General Reviewer

Have the estimates of background exposure been clearly and reasonably
characterized?

No comment at this time.

However, the point on use of the term “background” remains. EPA needs to use

a different term.

Question #14

General Reviewer

Has the relationship between estimating exposure from dietary intake and
estimating exposure from body burden been clearly explained and adequately

supported?

Yes.

Question #15
General Reviewer
Have important "special populations” and age-specific exposures been identified

and appropriately characterized?

Partially. This grouping depends on what EPA knows, and needs to comment
more carefully on populations that are not specifically noted.

Topic 8

Question #16

Is the characterization on increased or decreased childhood sensitivity to possible
cancer and non-cancer outcomes scientifically supported and reasonable? Is the
weight of evidence approach appropriate?

No comment at this time.
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Topic 9

Question #17

Has EPA adequately characterized how nursing affects short-term and long-term
body burdens of dioxins and related compounds?

No comment at this time.

Topic 10

Question #18

Primary Reviewer

Does the summary and analysis support the conclusion that enzyme induction,
changes in hormone levels, and indicators of altered cellular function seen in
humans and laboratory animals, represent effects of unknown clinical
significance, but that may be early indicators of toxic response? (Refer to pages
84-86.)

The document supports the conclusion, but the way it does so is awkward.
First, the text is defensive in many places, and the data and literature from
earlier parts of the report (Part Il) do not reflect the level of uncertainty and
hesitancy expressed in the Risk Characterization. Second, the language and
style are more technical and complex than needed for the audience likely to
need this material. Finally, the text should spell out more carefully the logical
explanation why the early biochemical responses are inferred to present early

signs of or manifestations of health risks.

Page 84, lines 19-22: run-on sentence; start with the last statement

Page 85, line 8: rephrase “The sensitivity of individual species to dioxin and
related compounds varies considerably (state a range?).”

Page 86, lines 3-6—This run-on sentence is difficult to follow. Split into smaller

sentences and simplify the language.
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Question #19

General Reviewer

Has the short summary statement in the risk and hazard characterization on
page 107 adequately captured the important conclusions, and the areas where
further evaluation is needed? What additional points should be made in this

short statement?

Not really. It is too brief and apologetic with too many caveates. EPA based
much of the conclusions on the strong experimental evidence that is
overwhelming. The fact that most scientists would like to see absolutely all the
steps identified in detail, that is not yet the state of knowledge. Filling in all the
steps will not change the relationship between initial stimulus and advesre
outcomes. The additional piece of evidence comes from the epidemiology of
human health effects that are perfectly in agreement with the experimental
data. The imperfection of the epidemiological data is good, as EPA notes, and

indicates some limitation of high dose exposures.

Page 107, lines 8-10 — move the “in animals” from line 9 to after the spectrum of
effects AND move the phrase at the beginning of the sentence (up to “inference”)
to the end of the sentence.

Lines 22-26—Iist the criteria in a list of bulleted items. This sentence
needs to end with some sort of expectation of purpose for the evaluation — what

would EPA expect to gain from further evaluating called for in line 22?

Topic 11

Question # 20

General Reviewer

Are these sources adequately described and are the relationships to exposure

adequately explained?
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Page 49, lines23-25—Insert the explanation that this procedure is
necessary because it is a sequence of events all of which are necessary,
thus, like probabilities that must be multiplied, the lowest one determines

the overall sequence.

Page 52, line 28-31 et seq. — This explanation gives the reader the impression
that there is absolutely no relationship between chlorine input and dioxin
formation and release from incinerators. This reviewer’s read of the literature is
that the relationship is not linear and dependent only on chlorine concentration
AND that there is a dependence of dioxin formation on chlorine presence.

Thus, it seems to be the case that chlorine content in waste feed into
incinerators is necessary for dioxin formation. The text needs to reflect that
relationship. As it is worded now, the reader is left believing that waste
containing high levels of chlorinated waste have no more dioxin formation and

emission rates than waste with no chlorinated waste as feed for an incinerator.

This text also must include the conclusion about the process that would be
necessary to eliminate dioxin formation and emission from incinerator
emissions. If it is not possible to eliminate formation and emissions, say so; if
eliminating chlorinated waste from the feed will eliminate dioxin formation and
emission, so that. If EPA has no idea whether dioxin formation and emission
can be eliminated from incinerator emissions (the largest source of emissions),
then say that. But the text must not remain silent on the topic.

Page 61, line 10 et seq. — The great advantage of using site specific data on such
issues as fish consumption is that the real data make the case in a convincing
way. The limitation is that other studies not conducted are omitted. This
reviewer suggests that the area of the county where fish consumption is highest
is the Gulf coast where consumption of fish and shellfish is year round and
shifts with the fishery. Crabs, clams, oysters, finfish, shrimp and crawfish are
consumed constantly in the Gulf states. Have any data been collected on this

population?
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Question #21
Primary Reviewer
Please provide any other comments or suggestions relevant to the two review

documents, as interest and time allow.

The data on wildlife and non-human, non-experimental animals gives a great
deal of support to the conclusions and should be included in more of the

chapters.
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July 13, 2000

Meg Vrablik

Eastern Research Group, Inc (ERG)
110 Hartwell Avenue

Lexington, MA 02421-3136

Dear Ms. Vrablik:

Enclosed are my comments on the dioxin reassessment. | will be out of town during the
next week (July 16-22). | will be leaving Sunday at 550 AM but will check my office
email on Saturday. | can be reached at the Fairfield Inn in Fayetteville, North Carolina
beginning Saturday PM. The phone number is (910) 487-1400. | will aso be checking

my email using my home email address (richarddickerson@earthlink.net). Please feel free

to contact me by phone, fax or email regarding my comments and to forward me the

comments of others.

Sincerely,

Richard L. Dickerson, Ph.D., DABT

Associate Professor
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TTUHSC. Herecelved aBachelor of Science degreein chemistry from Midwestern State
University (WichitaFalls, Texas) in 1974. He worked as a technician in the Department of
Pharmacology at the University of Texas Health Science Center at San Antonio for severa
years before obtaining a Master of Science in chemica engineering from the University of
Arkansas (Fayetteville) in 1980. Dr. Dickerson worked for Dow Chemical Texas Division
as an environmental engineer until 1988. He obtained a doctor of philosophy in toxicology
from Texas A&M University in 1992. Dr. Dickerson worked at Clemson University until
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Toxicology. Dr. Dickerson's current research projects involve the effects of TCDD on
circadian rhythm in rodents as well as endocrine dysfunction caused by a number of

hal ogenated aromatic hydrocarbons. In addition, he isamember of amultidisciplinary

team examining the effects of jet fuel on military personnel.
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Topic#1
Question #1

Role: Secondary Reviewer

Question: Did EPA adequately justify its use of body burden as a dose metric for

interspecies scaling? Should the document present conclusions based upon daily dose?

Response:

Based upon the information contained within the document, and in the supporting
documents, the use of body burden as a dose metric is supported for the average adult.
However, it is not supported for a number of at risk populations where daily exposureisa
significant fraction of body burden. These include infants nursing on breast milk
(particularly first-born infants), young children, individual s losing weight rapidly, and
individual s that receive occupationa or accidental exposure to dioxin-like compounds. In
addition, body burden may not be an acceptable dose metric for individuals whose life style
resultsin above average daily intake of dioxin-like compounds (subsistence fishermen and
other individuals exposed to dietary fat with high levels of dioxin-like compounds). My
comments are based upon the following reasons related to the achievement of steady state

levels of TCDD-TEQ.

Infants nursing on breast milk receive a hefty percentage of their eventual body burden
within afew months. Thisis particularly true for the first child born who is breast-fed.
Succeeding children have the benefit that the mother has less time to re-approach steady
state concentrations of TCDD TEQsin her adipose tissue. It has been estimated that it
requires some 15-30 years of dietary exposure (at current levels) to reach steady state.
Thus, daily exposure rates of TCDD affect plasma concentrations of infants and children to

agreater extent than individuals who have aready reached steady state levels.

3of 10



Richard L. Dickerson

Individuals that are losing weight rapidly will have greater levels of TCDD-TEQ in their
plasma than would be predicted by body burden, as will individuals that are accidentally or
occupationally exposed to TCDD and its congeners. However, the use of body burden as
adose metric is appropriate for the mgjority of the population (excluding infants and
children).

Topic#2
Question # 2

Role: Secondary Reviewer

Question: How might the rationale be improved for EPA’ s decision not to calculate a
RfD/RfC, and for the recommended MOE approach for conveying risk information? Isa
MOE approach appropriate, as compared to the traditional RFD/RfC? Should the
document present a RfD/RfC?

Response:

In my opinion, it should be explicitly stated that the plasma concentration of TCDD-TEQ is
affected by the body burden as well as by the daily intake and excretion rate of the
congeners. Second, the relative contributions of the liver/adipose depots to that plasma
concentration should be made clear. Thiswill clearly show that for an adult (one that has
presumably reached a steady state body burden), that the contribution from body burden
greatly exceeds that from daily intake. In addition, aplot of body burden versus lethality
would underscore the point that body burden, not daily dose or acute dose, best predicts
toxic effects across species. Thiswill help justify the decision not to calculate a RFD/RfC.
The part of the document that justifies the M OE approach using the body burden was
acceptable and the literature supports the logic.
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| would support a RfD/RfC approach only for infants and small children because they have
not reached significant body burdens. For this subset of the population, the minimal risk
level of 1 pg/kg/day suggested by ASTDR is reasonable, asisthe tolerable daily intake of
1-4 pg/kg/day suggested by WHO.

Topic#5
Question #8

Role: Primary Reviewer

Question: Have the available human data been adequately integrated with animal
information in evaluating likely effect levels for the non-cancer endpoints discussed in the

reassessment?

Response:

Both the integrated summary and the previous documents (Part |1, Chapters 4
limmunotoxicity, 5 Developmental and Reproductive Toxicity, and 7B Effects Other than
Cancer) contain excellent reviews of the literature that appear to contain many of the most
recent reports dealing with both animal and human studies. There are no significant
omissions that would affect this risk assessment. The authors performed well in correlating
the available human data to the more rigorous animal data. However, certain aspects
appear to require clarification. The human endocrinological effects arelisted in Table 2-1
as +/-. Based upon the effects upon testosterone levels seen some of the studies aswell as

the effects on male development from the Y u-Cheng studies, | feel this should be a +.
In terms of likely effect levels, it was stated that insufficient data was available to model

non-cancer endpoints in humans although sufficient data was available for noncancer

endpointsin animals. | fedl that the authors were correct in stating that the uncertainties
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were great enough to prevent accurate interspecies and animal-to-human comparisons.
Among these are uncertainties asto critical gestational periods in many species, differences
in the sengitivity of endpoints between species and strains, exposure routes, and study
design. In my opinion, these uncertainties prevent the determination of likely effect levels
for reproductive and developmenta endpoints in humans to any degree of confidence, and
thus require further research. However, the Dutch studies do suggest that PCB and other
dioxin-like compounds have the potentia to retard growth and certain devel opmental

milestones at levels approaching current background.

In terms of immunotoxicity, there is awealth of animal research that clearly defines TCCD
and similar compounds as immunotoxicants. In these studies, there is clear evidence that
TCDD can suppress host resistance to a number of pathogens and transplanted tumors.
However, the human epidemiologica datais contradictory and demonstrates uncertainties
in regards to choice of sensitive endpoints and critical times of exposure. In particular,
more studies need to be initiated in order to evauate the sengitivity of the human immune
system, focusing on neonates and children, to TCDD exposure. Until these uncertainties
are resolved, the selection of likely effect levels for immunotoxicity likewise can not be
determined.

The data for human chloracne is adequate. However, there are uncertainties as to what
exposure level and frequency of exposureis required to initiate the condition. In terms of
diabetes mellitus, human epidemiological data suggests a correlation between this condition
and serum TCDD level. However, at the current time, none of the available animal models
for diabetes have been used to study the effects of TCDD exposure on this disease
condition. More research needs to be done in order to elucidate the mechanism by which
TCDD could cause diabetes.

TCDD may cause an increase in T4 at low doses and a decrease in T4 with elevated TSH

at higher doses. Human epidemiological datais scarce and inconsistent in regards to
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thyroid function. Thereis sufficient animal datato consider TCDD as a hazard to the

thyroid in humans but uncertainties prevent the suggestion of likely human effect levels.

Human studies have suggested TCDD-induced effects on the incidence of cardiovascular
disease. Animal studies have demonstrated effects on cardiac rhythm and on the
development of the heart and vasculature (primarily in avian species). Thereis an apparent
data gap on the effects of TCDD and related compounds on mammalian heart
development. This suggests the possibility that gestational exposure could cause
developmental abnormalitiesin the heart that might increase the chances for later

cardiovascular disease.

Topic#5
Question #9

Role: Primary Reviewer

Question: Do reviewers agree with the characterization of human developmental,
reproductive, immunological and endocrinological hazard? What, if any, additiona
assumptions and uncertainties should EPA embody in these characterizations to make them

more explicit?

Response:

Thereis, in my opinion, sufficient evidence to indicate that TCDD can cause adverse
effects to human development and reproduction. | agree with the document’s
characterization of these hazards. The assumption that human sensitivity to TCDD and
similar compounds is in the midrange as compared to other species for these endpoints
appears to be well founded. The authors make the point that these substances occur in
complex mixtures and that uncertainties lie in the response that humans and animals may

have to such mixtures. In my opinion, thisis the mgjor stumbling block in applying the
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current animal data to the determination of potential human risk. Thisis an areathat needs
consorted research to clarify. Another area of uncertainty liesin whether TCDD can affect

the developing mammalian heart in the way it does the devel oping avian heart.

Whether TCDD is an immunotoxicant in humansisless clear. Certainly the animal data
indicates that TCDD and similar compounds are potent immunotoxicants. However, the
human epidemiological dataisinconsistent and sparse. | agree that more research needs to
be done in order to determine human risk, particularly to sensitive subsets of the population.
However, the data from subhuman primates coupled with the data derived from laboratory
speciesis sufficient to consider TCDD and other dioxin-like compounds to be probable

human immunotoxicants capable of decreasing host resistance to a number of pathogens.

The document needs to address in more detail the uncertaintiesin the area of endocrine
effects. The limited human data coupled with some intriguing studies in rodent models
suggests arole for TCDD in the development of thyroid disease and diabetes.

Topic# 8 Children’sRisk

Question # 16

Role: Secondary Reviewer
Question: Isthe characterization on increased or decreased childhood sensitivity to

possible cancer or non-cancer outcomes scientifically supported and reasonable? Isthe

weight of the evidence approach appropriate?

Response:

The document states that children’srisk of adverse effects resulting from exposure to
TCDD and related compounds may be increased as compared to adults but that more data
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are needed to fully address thisissue. The available human data coupled with animal data
suggesting that the young are more susceptible support that statement. It is both
scientifically valid and logical to suggest that children’srisk may be increased relative to
adults. Itisnot clear that all endpoints will be more sensitive in children than adults, but the
data suggest that a number of endpoints will be. 1t isalso clear that the relative exposure of
children is higher than that of an adult, often three-fold and higher. Even is one assumes
equal sengitivity, the increased dose is indicative of increased risk. In my opinion, the

weight of the evidence isin favor of increased risk but not necessarily increased sengitivity.

Topic# 10 Risk Characterization Summary Statement

Question # 18

Role: General Reviewer

Question: Doesthe summary and analysis support the conclusion that enzyme induction,
changes in hormone levels, and indicators of atered cellular function seen in humans and
laboratory animals, represent effects of unknown clinical significance but that may be early
indicators of toxic responses? (Refer to pages 84-86)

Response:

These statements are made in several placesin this section. Enzyme induction is supported
by the statement that this effect may increase metabolism and elimination of other toxic
compounds or may increase reactive intermediates. This support could be strengthened by
the brief discussion of adaptive responses as well as discussing the effects on endogenous
compounds such as estrogen. Changes in circulating reproductive hormones in men
exposed to TCDD arerightfully characterized as adverse. Altered cellular function may

serve as abiomarker of exposure and possibly effect but might also be indicative of an
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adaptive, non-adverse response. This statement merits a more thorough discussion in this

section.

Topic# 10 Risk Characterization Summary Statement
Question # 19

Role: General Reviewer

Question: Has the short summary statement in the risk and hazard characterization on page
107 adequately captured the important conclusions, and the areas where further evaluation

is needed? What additional points should be made in this short statement?

Response:

In my opinion, this statement needs to be expanded by approximately 50% to convey
clearly the important conclusions. Specifically, it should state that TCDD is aknown
human carcinogen by al known criteria. 1t explicitly should state that TCDD and related
compounds are developmental, reproductive and endocrinological hazards to humans and
animals. It should also state that TCDD and similar compounds are known
immunotoxicants in anima models. The document should specify that children are at risk,
not because of increased sengitivity, but because of increased exposure at critical

developmental times.
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July 13, 2000

Meg Vrablik

Eastern Research Group, Inc (ERG)
110 Hartwell Avenue

Lexington, MA 02421-3136

Dear Ms. Vrablik:

Enclosed are my comments on the dioxin reassessment. | will be out of town during the
next week (July 16-22). | will be leaving Sunday at 550 AM but will check my office
email on Saturday. | can be reached at the Fairfield Inn in Fayetteville, North Carolina
beginning Saturday PM. The phone number is (910) 487-1400. | will aso be checking

my email using my home email address (richarddickerson@earthlink.net). Please feel free

to contact me by phone, fax or email regarding my comments and to forward me the

comments of others.

Sincerely,

Richard L. Dickerson, Ph.D., DABT

Associate Professor
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Biographical Sketch

Richard Lee Dickerson is an associate professor with joint appointmentsin the Department
of Pharmacology at Texas Tech University Health Sciences Center and the Department of
Biological Sciences at Texas Tech University. Heisamember of the core faculty of the
Institute of Environmental and Human Health (TIEHH) shared between TTU and
TTUHSC. Herecelved aBachelor of Science degreein chemistry from Midwestern State
University (WichitaFalls, Texas) in 1974. He worked as a technician in the Department of
Pharmacology at the University of Texas Health Science Center at San Antonio for severa
years before obtaining a Master of Science in chemica engineering from the University of
Arkansas (Fayetteville) in 1980. Dr. Dickerson worked for Dow Chemical Texas Division
as an environmental engineer until 1988. He obtained a doctor of philosophy in toxicology
from Texas A&M University in 1992. Dr. Dickerson worked at Clemson University until
1997, achieving the rank of associate professor. 1n 1997, his department moved to Texas
Tech University. In 1995, Dr. Dickerson became a diplomate of the American Board of
Toxicology. Dr. Dickerson's current research projects involve the effects of TCDD on
circadian rhythm in rodents as well as endocrine dysfunction caused by a number of

hal ogenated aromatic hydrocarbons. In addition, he isamember of amultidisciplinary

team examining the effects of jet fuel on military personnel.
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Topic#1
Question #1

Role: Secondary Reviewer

Question: Did EPA adequately justify its use of body burden as a dose metric for

interspecies scaling? Should the document present conclusions based upon daily dose?

Response:

Based upon the information contained within the document, and in the supporting
documents, the use of body burden as a dose metric is supported for the average adult.
However, it is not supported for a number of at risk populations where daily exposureisa
significant fraction of body burden. These include infants nursing on breast milk
(particularly first-born infants), young children, individual s losing weight rapidly, and
individual s that receive occupationa or accidental exposure to dioxin-like compounds. In
addition, body burden may not be an acceptable dose metric for individuals whose life style
resultsin above average daily intake of dioxin-like compounds (subsistence fishermen and
other individuals exposed to dietary fat with high levels of dioxin-like compounds). My
comments are based upon the following reasons related to the achievement of steady state

levels of TCDD-TEQ.

Infants nursing on breast milk receive a hefty percentage of their eventual body burden
within afew months. Thisis particularly true for the first child born who is breast-fed.
Succeeding children have the benefit that the mother has less time to re-approach steady
state concentrations of TCDD TEQsin her adipose tissue. It has been estimated that it
requires some 15-30 years of dietary exposure (at current levels) to reach steady state.
Thus, daily exposure rates of TCDD affect plasma concentrations of infants and children to

agreater extent than individuals who have aready reached steady state levels.
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Individuals that are losing weight rapidly will have greater levels of TCDD-TEQ in their
plasma than would be predicted by body burden, as will individuals that are accidentally or
occupationally exposed to TCDD and its congeners. However, the use of body burden as
adose metric is appropriate for the mgjority of the population (excluding infants and
children).

Topic#2
Question # 2

Role: Secondary Reviewer

Question: How might the rationale be improved for EPA’ s decision not to calculate a
RfD/RfC, and for the recommended MOE approach for conveying risk information? Isa
MOE approach appropriate, as compared to the traditional RFD/RfC? Should the
document present a RfD/RfC?

Response:

In my opinion, it should be explicitly stated that the plasma concentration of TCDD-TEQ is
affected by the body burden as well as by the daily intake and excretion rate of the
congeners. Second, the relative contributions of the liver/adipose depots to that plasma
concentration should be made clear. Thiswill clearly show that for an adult (one that has
presumably reached a steady state body burden), that the contribution from body burden
greatly exceeds that from daily intake. In addition, aplot of body burden versus lethality
would underscore the point that body burden, not daily dose or acute dose, best predicts
toxic effects across species. Thiswill help justify the decision not to calculate a RFD/RfC.
The part of the document that justifies the M OE approach using the body burden was
acceptable and the literature supports the logic.
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| would support a RfD/RfC approach only for infants and small children because they have
not reached significant body burdens. For this subset of the population, the minimal risk
level of 1 pg/kg/day suggested by ASTDR is reasonable, asisthe tolerable daily intake of
1-4 pg/kg/day suggested by WHO.

Topic#5
Question #8

Role: Primary Reviewer

Question: Have the available human data been adequately integrated with animal
information in evaluating likely effect levels for the non-cancer endpoints discussed in the

reassessment?

Response:

Both the integrated summary and the previous documents (Part |1, Chapters 4
limmunotoxicity, 5 Developmental and Reproductive Toxicity, and 7B Effects Other than
Cancer) contain excellent reviews of the literature that appear to contain many of the most
recent reports dealing with both animal and human studies. There are no significant
omissions that would affect this risk assessment. The authors performed well in correlating
the available human data to the more rigorous animal data. However, certain aspects
appear to require clarification. The human endocrinological effects arelisted in Table 2-1
as +/-. Based upon the effects upon testosterone levels seen some of the studies aswell as

the effects on male development from the Y u-Cheng studies, | feel this should be a +.
In terms of likely effect levels, it was stated that insufficient data was available to model

non-cancer endpoints in humans although sufficient data was available for noncancer

endpointsin animals. | fedl that the authors were correct in stating that the uncertainties
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were great enough to prevent accurate interspecies and animal-to-human comparisons.
Among these are uncertainties asto critical gestational periods in many species, differences
in the sengitivity of endpoints between species and strains, exposure routes, and study
design. In my opinion, these uncertainties prevent the determination of likely effect levels
for reproductive and developmenta endpoints in humans to any degree of confidence, and
thus require further research. However, the Dutch studies do suggest that PCB and other
dioxin-like compounds have the potentia to retard growth and certain devel opmental

milestones at levels approaching current background.

In terms of immunotoxicity, there is awealth of animal research that clearly defines TCCD
and similar compounds as immunotoxicants. In these studies, there is clear evidence that
TCDD can suppress host resistance to a number of pathogens and transplanted tumors.
However, the human epidemiologica datais contradictory and demonstrates uncertainties
in regards to choice of sensitive endpoints and critical times of exposure. In particular,
more studies need to be initiated in order to evauate the sengitivity of the human immune
system, focusing on neonates and children, to TCDD exposure. Until these uncertainties
are resolved, the selection of likely effect levels for immunotoxicity likewise can not be
determined.

The data for human chloracne is adequate. However, there are uncertainties as to what
exposure level and frequency of exposureis required to initiate the condition. In terms of
diabetes mellitus, human epidemiological data suggests a correlation between this condition
and serum TCDD level. However, at the current time, none of the available animal models
for diabetes have been used to study the effects of TCDD exposure on this disease
condition. More research needs to be done in order to elucidate the mechanism by which
TCDD could cause diabetes.

TCDD may cause an increase in T4 at low doses and a decrease in T4 with elevated TSH

at higher doses. Human epidemiological datais scarce and inconsistent in regards to
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thyroid function. Thereis sufficient animal datato consider TCDD as a hazard to the

thyroid in humans but uncertainties prevent the suggestion of likely human effect levels.

Human studies have suggested TCDD-induced effects on the incidence of cardiovascular
disease. Animal studies have demonstrated effects on cardiac rhythm and on the
development of the heart and vasculature (primarily in avian species). Thereis an apparent
data gap on the effects of TCDD and related compounds on mammalian heart
development. This suggests the possibility that gestational exposure could cause
developmental abnormalitiesin the heart that might increase the chances for later

cardiovascular disease.

Topic#5
Question #9

Role: Primary Reviewer

Question: Do reviewers agree with the characterization of human developmental,
reproductive, immunological and endocrinological hazard? What, if any, additiona
assumptions and uncertainties should EPA embody in these characterizations to make them

more explicit?

Response:

Thereis, in my opinion, sufficient evidence to indicate that TCDD can cause adverse
effects to human development and reproduction. | agree with the document’s
characterization of these hazards. The assumption that human sensitivity to TCDD and
similar compounds is in the midrange as compared to other species for these endpoints
appears to be well founded. The authors make the point that these substances occur in
complex mixtures and that uncertainties lie in the response that humans and animals may

have to such mixtures. In my opinion, thisis the mgjor stumbling block in applying the
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current animal data to the determination of potential human risk. Thisis an areathat needs
consorted research to clarify. Another area of uncertainty liesin whether TCDD can affect

the developing mammalian heart in the way it does the devel oping avian heart.

Whether TCDD is an immunotoxicant in humansisless clear. Certainly the animal data
indicates that TCDD and similar compounds are potent immunotoxicants. However, the
human epidemiological dataisinconsistent and sparse. | agree that more research needs to
be done in order to determine human risk, partic