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EPA has been preparing an assessment of the @bteaélth impacts of
2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDr many years. In 2003, EPA released an
external review draft report entitleBxposure and Human Health Reassessment of
2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD) and RethCompound@J.S. EPA, 2003)
(herein referred to a®003 Reassessménthat was reviewed by the EPA Science
Advisory Board (SAB), and then by the National Aeaty of Sciences (NAS). In 2006,
the National Research Council (NRC) of the Natioheddemies published their report
of EPA’s reassessmemigalth Risks from Dioxin and Related Compoundsiuatan of
the EPA Reassessmé¢NRC, 2006).

The current draft documeBPA's Reanalysis of Key Issues Related to Dioxxicitp

and Response to NAS Comméhiesponse to Commeitbefore the SAB is a response
to the review by the NRC, and includes new analgsespleted in response to the NRC
recommendations and recently published literataseyell as a discussion of topics
where our views differed. The dratesponse to Commemtscument is not an
assessment per se; it is designed to supplemeimtftnmation provided in th2003
Reassessmentowever, the drafResponse to Commenpsovides a noncancer
reference dose and updated cancer values. Detidedlssions of many of the issues
addressed in the drd®esponse to Commeriie available in th2003 Reassessmeand
have not been reproduced in the current draft dectrrwhenever appropriate; the
reader is directed to the pertinent chapters oR@88 Reassessment

The NRC identified three key recommendations they believed would result in
substantial improvement to the ERB03 Reassessmanrtd thus support a scientifically
robust characterization of human responses to exee$o TCDD. These three key areas
are (1) improved transparency and clarity in tHed®n of key data sets for dose-
response analysis, (2) further justification of @aehes to dose-response modeling for
cancer and noncancer endpoints, and (3) improaegdparency, thoroughness, and
clarity in quantitative uncertainty analysis. ThR®I Report also encouraged EPA to
calculate a reference dose (RfD), which had non lolegived in th003 Reassessment
The draftResponse to Commemtscument addresses each of these issues. Please
consider the accuracy, objectivity, and transpare@fi&cPA’s reanalysis and responses in
your review.

General Charge Questions

1. Is the drafResponse to Commemigear and logical? Has EPA objectively and clearl
presented the three key NRC recommendations?



2. Are there other critical studies that would maksignificant impact on the
conclusions of the hazard characterization or despense assessment of the chronic
noncancer and cancer health effects of TCDD?

Specific Charge Questions

Section 2. Transparency and Clarity in the Seleain of Key Data Sets for Dose-
Response Analysis

1. Is this Section responsive to the NAS concéouatransparency and clarity in data-
set selection for dose-response analysis?

2. Are the epidemiology and animal bioassay studgria/considerations scientifically
justified and clearly described?

3. Has EPA applied the epidemiology and animah&say study criteria/considerations
in a scientifically sound manner? If not, pleageniify and provide a rationale for
alternative approaches.

Section 3. The Use of Toxicokinetics in the Do$esponse Modeling for Cancer
and Noncancer Endpoints

1. The2003 Reassessmatrttlized first-order body burden as the dose meth the
draft Response to Commemtscument, EPA used a physiologically-based
pharmacokinetic (PBPK) model (Emond et al., 20@052 2006) with whole blood
concentration as the dose metric rather thandirdér body burden. This PBPK model
was chosen, in part, because it includes a biabgiescription of the dose-dependent
elimination rate of TCDD. EPA made specific mochfiions to the published model
based on more recent data. Although lipid-adjusegdm concentrations (LASC) for
TCDD are commonly used as a dose metric in theatiiee, EPA chose whole blood
TCDD concentrations as the relevant dose metrialmeserum and serum lipid are not
true compartments in the Emond PBPK models (LAS&s&le calculation proportional
to blood concentration).

Please comment on:
a. The justification of applying a PBPK model withole blood TCDD
concentration as a surrogate for tissue TCDD exgasuieu of using first-order
body burden for the dose-response assessment dDTCD

b. The scientific justification for using the Entbet al. model as opposed to
other available TCDD kinetic models.

c. The modifications implemented by EPA to thélmined Emond et al. model.

d. Whether EPA adequately characterized the taiogy in the kinetic models.



2. Several of the critical studies for both norcearand cancer dose-response assessment
were conducted in mice. A mouse PBPK model wasldeed from an existing rat

model in order to estimate TCDD concentrations ouge tissues, including whole

blood.

Please comment on:
a. The scientific rationale for the developmehEBA’s mouse model based on
the published rat model (Emond et al., 2004, 202606).

b. The performance of the mouse model in referéoche available data.

c. Whether EPA adequately characterized the teiogy in the mouse and rat
kinetic models. Please comment specifically andtientific justification of the
kinetic extrapolation factor from rodents to hursa

3. Please comment on the use of the Emond eB&KRPnodel to estimate human
intakes based on internal exposure measures.

4. Please comment on the sensitivity analysib®kinetic modeling (see section 3.3.5).

5. Both EPA'’s noncancer and cancer dose-resp@sessments are based on a lifetime
average daily dose. Did EPA appropriately estinitgBme average daily dose? If not,
please suggest alternative approaches that couteblddy developed based on existing
data.

Section 4. Reference Dose

1. The Mocarelli et al. (2008) and Baccarellile{2008) studies were selected as co-
critical studies for the derivation of the RfD. the rationale for this selection

scientifically justified and clearly described?e&e identify and provide the rationale for
any other studies that should be selected, inatuthia rationale for why the study would
be considered a superior candidate for the deonaif the RfD. In addition, male
reproductive effects and changes in neonatal thymormone levels, respectively, were
selected as the co-critical effects for the Rf@2aBe comment on whether the selection of
these critical effects is scientifically justifi@hd clearly described. Please identify and
provide the rationale for any other endpoints #ietuld be selected as the critical effect.

2. In the Seveso cohort, the pattern of exposufe€DD is different from the average
daily exposure experienced by the general populatithe explosion in Seveso created a
high dose pulse of TCDD followed by low level baokgnd dietary exposure in the
exposed population. In the population, this higeelpulse of TCDD was slowly
eliminated from body tissues over time. Therenesantainty regarding the influence of
the high-dose pulse exposure on the effects obdéater in life.

a. Mocarelli et al. (2008), reported male repicitve effects observed later in
life for boys exposed to the high dose pulse oDDbetween the ages of 1 and



10. EPA identified a 10 year critical exposur@dow. In the development of
the candidate RfD, EPA used an exposure averagipgpach that differs from
the typical approach utilized for animal bioassa®A determined that the
relevant exposure should be calculated as the wighe pulse exposure and the
10-year critical exposure window average. Pleasement on the following:

i. EPA’s approach for identifying the exposwiadow and calculating
average exposure for this study.

ii. EPA’s designation of a 20% decrease in spepomt (and an 11%
decrease in sperm motility) as a LOAEL for Modiaet al. (2008).

b. For Baccarelli et al. (2008), the critical espre window occurs long after the
high-dose pulse exposure. Therefore, the vaitwalml the exposure over the
critical exposure window is likely to be less ththe variability in the Mocarelli et
al. subjects. EPA concluded that the reportedemat exposures from the
regression model developed by Baccarelli et aviple an appropriate estimate of
the relevant effective dose as opposed to exiatipglfrom the measured infant
TCDD concentrations to maternal exposures. Aold#ily, EPA selected a
LOAEL of 5 p-units TSH per ml blood in neonatesthis was established by
World Health Organization (WHO) as a level aboveah there was concern
about abnormal thyroid development later in lféeease comment on the
following:

i. EPA’s decision to use the reported mateleatls and the
appropriateness of this exposure estimate foBtuearelli et al. study.

ii. EPA’s designation of 5 p-units TSH per mbotl as a LOAEL for
Baccarelli et al. (2008).

3. Please comment on the rationale for the seledt the uncertainty factors (UFs) for
the RfD. If changes to the selected UFs are prghgsease identify and provide a
rationale.

4. EPA did not consider biochemical endpoints lisas CYP induction, oxidative stress,
etc.) as potential critical effects for derivatiointhe RfD for TCDD due to the
uncertainties in the qualitative determination d¥ersity associated with such endpoints
and quantitative determination of appropriate respdevels for these types of endpoints
in relation to TCDD exposure. Please comment oetladr this decision is scientifically
justified and clearly described

5. In using the animal bioassays, EPA averagednat®lood TCDD concentrations over
the entire dosing period, including the 24 houtkWing the last exposure. Please
comment on EPA’s approach for averaging exposmaading intermittent and one day
gestation exposure protocols.



6. Please comment on the benchmark dose (BMD) nmadebnducted by EPA to
analyze the animal bioassay data and EPA'’s chdipeiots of departure (PODs) from
these studies.

7. For the animal bioassay modeling, EPA appledkinetic extrapolation at the level
of the POD prior to applying the uncertainty fastbecause EPA has less confidence in
the kinetic model output at lower doses refleco¥éhe RfD. Please comment on
whether this approach was scientifically justifeatl clearly described.

8. Please comment as to whether EPA’s qualitaliseussion of uncertainty in the RfD
is justified and clearly described.

Section 5. Cancer Assessment

1. Weight of Evidence Cancer Descriptor: P83 Reassessmatncluded that
TCDD is a “known human carcinogen.” In the currérdaftResponse to Comments
document, EPA concluded that under the 2005 Guieglior Carcinogen Risk
Assessment (U.S. EPA, 2005) TCDD is “carcinogenmibimans.” Is the weight-of-
evidence characterization scientifically justifizd clearly

described?

2. Mode of Action: The mode of action of a caogan can inform identification of
hazards and approaches used for a dose-respoessrasst. The mode of carcinogenic
action for TCDD has not been elucidated for anydutype. EPA concluded that, while
interaction with the Ah receptor is likely to b@@cessary early event in TCDD
carcinogenicity in experimental animals, the dowe®in events involved are unknown.

a. Are the available data related to mode(sktba for the carcinogenicity of
TCDD appropriately characterized and clearly pmeesds?

b. Do the available data support EPA’s conclusiat the overall mode(s) of
action for TCDD-induced carcinogenesis is largeinown? Please comment
on whether this evaluation is clearly described.

3. Is EPA’s approach for selecting data sets filmenkey epidemiologic studies and
animal bioassays identified for cancer dose respamsleling scientifically justified and
clearly described?

4. For the animal bioassay data, potential cao@rslope factors (OSFs) were
calculated by linear extrapolation (using a lineemthreshold cancer approach) from the
point of departure (POD). EPA also estimated timaposite risk of the occurrence of
several tumor types from the animal cancer bioadasy.

a. Please comment on whether the approach fonastig cancer risk, including
the use of tumor modeling of the TCDD animal carmeassay data, is
scientifically justified and clearly described.



5. EPA selected Cheng et al. (2006) -- an anabfsise NIOSH occupational cohort-- as
the critical study for oral slope factor (OSF) depenent. This study was chosen
because it considers dose-dependent eliminati@iC@D rather than first-order kinetics.

a. Please comment on whether the rationale ferstiiection is scientifically
justified and clearly described. Please iderdifig provide the rationale for any
other studies that should be considered and pravitéical evaluation of the
study and of its suitability for meeting the goalsa quantitative cancer
assessment.

b. Cheng et al. (2006) analyzed all-cancer mtytaPlease comment on the use
of all-cancer mortality as the basis of the OSF.

c. Please comment on whether the use of the EMRBRK model in the
derivation of the (dose-dependent) OSF using then@G et al. dose-response
modeling results is scientifically justified ankarly described.

d. Due to nonlinearities in the Emond PBPK mddpkcifically pertaining to the
relationship between exposure and internal d&f@} calculated a series of
risk-specific oral slope factors. Please comneenEPA'’s rationale for and
presentation of these slope factors.

e. The slope factor derived from Cheng et al. @Q@as extrapolated below the
background TCDD exposure levels experienced byNikisSH cohort. Please
comment on this extrapolation.

6. Please comment on whether EPA has clearly itbesicthe major qualitative
uncertainties in the derivation of the OSF.

7. EPA did not consider dioxin-like compounds (Bd)@ the cancer dose-response
modeling because the occupational exposures iavihiéable cohorts were primarily to
TCDD. Background DLC exposures were not incorpatan the dose-response
modeling because EPA judged that it was not passibtlisaggregate the responses from
background exposure to DLCs and occupational expdsulCDD. Please comment on
whether this approach is scientifically justifietdaclearly described.

8. The NRC suggested that EPA consider nonlingaroaches for the assessment of
TCDD carcinogenicity. In thResponse to CommenEPA presents two illustrative
nonlinear approaches for cancer, but considersibagipropriate to use because of the
lack of MOA information.

a. Please comment on EPA’s conclusions regattimgimitations of these
approaches.



b. Are there other nonlinear approaches thatdcbelreadily developed based on
existing data for the assessment of TCDD car@nimjty? If so, please suggest
alternative approaches and describe their ualitg suitability for meeting the
goals of a quantitative cancer assessment.

Section6. Feasibility of Quantitative Uncertainty Analysisfrom NAS Evaluation of
the 2003 Reassessment

1. Please comment on the discussion in this Sed8dhe response clearly presented
and scientifically justified?

2. Please comment on EPA’s overall conclusiond@mprehensive quantitative
uncertainty analysis is not feasible.

a. Please comment on the discussion in Sectregdding volitional uncertainty
and how this type of uncertainty limits the alyilib conduct a quantitative
uncertainty analysis.

3. Throughout the document (including the Appees)cEPA presents a number of
limited sensitivity analyses (e.g., toxicokinetiodeling, RfD ranges, cancer OSF ranges,
cancer RfD development). Please comment on theagpipes used, and the utility of
these sensitivity analyses in clarifying potensiginificant uncertainties.



