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INTRODUCTION

The following are the combined responses to major comments received by the
Office of Environmental Health Hazard Assessment (OEHHA) on the proposed
public health goal (PHG) technical support document for 2,3,7,8-
tetrachlordibenzodioxin, commonly known as TCDD. The comments from the
University of California reviewers and the Chlorine Council are based on the pre-
release review draft, completed in 2005, while the last two reviewers were
commenting on the second posted version (June 2007). Changes in response to
these comments have been incorporated into the final version posted on the
OEHHA website; no comments were received on the third posting. For the sake
of brevity, we have selected the more important or representative comments for
responses. Comments appear in quotation marks where they are directly quoted
from the submission; paraphrased comments are in italics.

These comments and responses are provided in the spirit of the open dialogue
among scientists that is part of the process under Health and Safety Code
Section 57003. For further information about the PHG process or to obtain
copies of PHG documents, visit the OEHHA web site at www.oehha.ca.gov.
OEHHA may also be contacted at:

Office of Environmental Health Hazard Assessment
P.O. Box 4010

Sacramento, California 95812-4010

(916) 324-7572
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RESPONSES TO MAJOR COMMENTS RECEIVED

Comments from Christopher Vogel, University of California, Davis

Comment 1: “The authors might be not correct finding that there is no report of
human exposure only to TCDD. The accident of Seveso in 1976, which is cited
later in the PHG document, describes a scenario where humans were exposed to
high levels of almost pure 2,3,7,8-TCDD. Besides the non-cancer effects listed
in the document, the authors should consider the results of the Seveso accident
cohort showing evidence of excesses of several specific types of cancers
(Bertazzi et al., 2001) which is in line with findings of epidemiologic studies from
the U.S., the Netherlands, or Russia.”

Response 1: Indeed, the 1976 Seveso, Italy accident differs in several important
ways from other epidemiological studies involving exposure to dioxin. The
Seveso accident exposed potentially large numbers of individuals in the local
population to almost pure TCDD (the contents of a TCP reactor in a chemical
plant were vented directly into the atmosphere). This is in contrast to most of the
occupational studies, which entailed concomitant exposure to other chemicals in
addition to dioxin, and were comprised mostly of male workers. A summary of
the Bertazzi et al. (2001) study, including both cancer and nonmalignant results,
has been included in the PHG document.

Comment 2: “With respect to developmental effects, the authors might consider
a recent report showing that the AhR is not only important to mediate the
toxicological response of TCDD but is also required for the developmental
closure of a hepatic vascular shunt known as the ductus venosus (Walisser et al.,
2004).”

Response 2: This study has been reviewed and added to the PHG document.

Comment 3: “Regarding the dose-response assessment of noncarcinogenic
effects another subchronic study could give some more support to the existing
data: Vogel et al., 1997.”

Response 3: This study has been reviewed and added to the PHG document.

Comment 4: “The proposed PHG value for non-carcinogenic effects at 7 pg/L is
based on a study with sensitive endpoints in mice finding a relatively low LOAEL
of 1 ng/kg-day (Toth et al., 1979). This value might be too high and reconsidered
for sensitive individuals and children since it is calculated for adults with a
bodyweight of 70 kg.”
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Response 4: Studies in animals do suggest that females and children may be
more or especially susceptible to the toxic effects of TCDD. Also, since some
segments of the population consume many times the average level of fat per
day, the principal exposure pathway for dioxins in the general population, they
may be at higher risk. These factors should be accounted for with the revised
calculation, with a health-protective concentration for non-carcinogenic effects of
2 pg/L.

U.S. EPA has not seen fit to determine an RfD (a non-cancer health protective
value) to which our non-cancer value might be compared. Their stated reason is
that human body burdens are already “at or near levels associated with adverse
health effects"” for both cancer and non-cancer (with the customary large
uncertainty factors used for non-cancer risk assessment). U.S. EPA has
indicated that the estimated safe level would likely be far below background
environmental exposure levels (U.S. EPA, 2003). We agree, but think it is useful
to provide a value.

As for health-protectiveness, our PHG is based on cancer findings, which results
in a still lower level. We believe that this PHG provides an adequate margin of
safety to protect potential sensitive subpopulations against all of the
noncarcinogenic effects of TCDD, including adverse effects on the immune
system, cardiovascular system, liver, and reproductive/developmental effects, as
well as the carcinogenic effects.

Comments from Daniel Chang, University of California, Davis

Comment 1: “In the section dealing with “Environmental Occurrence and Human
Exposure” it might be useful to provide a context for the public regarding
exposure to 2,3,7,8-TCDD and biologically related compounds. It could be
pointed out that environmental releases of “dioxins” are dominated by releases to
air from combustion sources, and that ambient air levels of “dioxins” have
declined since about the mid-1970’s.”

Response 1. Additional information on temporal trends in release of dioxins,
expressed as TCDD/TEQSs, has been added under the Environmental
Occurrence and Human Exposure section.

Comment 2: “In the last sentence of the second paragraph the statement is
made, “The U.S. EPA (2000) has estimated that the general human population is
exposed to daily doses of ~0.3 pg/kg-day”. Because of the location of that
statement in the context of the discussion on “air”, confusion may result over
whether this is the “airborne” dose”.

Response 2: This sentence, which included, “from all sources,” has been moved
to avoid any potential confusion.
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Comment 3: The developmental studies listed in Appendix A should be added to
the PHG document.

Response 3: The following in vivo and in vitro developmental studies, in
primates and human trophoblasts, respectively, were added to the PHG
document: Moran et al. (2001, 2004), Scott et al. (2001), Chen et al. (2003).

Comment 4: “The document states that differences as large as a factor of 1000
are observed for the same biological endpoint between the most sensitive and
least sensitive species. A statement of where humans lie on that spectrum, in
the case of TCDD might assist the public in assessing the conservatism that is
built into the proposed PHG. These data might also be added to Table 5 so that
the dose at which the observed effect occurred would be more readily seen”

Response 4: The discussion has been expanded, which should clarify that
humans are one of the less sensitive species to dioxins with regard to acute
effects. Table 5 would not, in our opinion, be useful for providing much
perspective on this point because the observations on toxic effects in humans
involve far different conditions as well as endpoints. With respect to cancer,
comparisons of human and animal EDg;s for increased tumors, on a body burden
basis, show approximately equal potency for TCDD. This also should be more
clear in the present form of the discussion — although the data from the animal
studies are quantitatively more precise.

Comment 5: “In the summary it is stated that the PHG is based on TCDD alone
rather than all its congeners, and a reason is provided in the first complete
paragraph on page 2...little sense is provided as to the relative proportion of
TCDD’s contribution to the TEQ compared with congeners typically present.
Thus the public may have difficulty gauging the level selected for TCDD provides
an adequate margin of safety....”

Response 5: The PHG document is based exclusively on the 2,3,7,8-isomer
because this compound is specified for the California MCL in California
regulations (Title 22, Div. 4, Chap. 15,Art. 5.5, Sec 64444, Table 64444A). The
relative proportion of TCDD to other congeners depends on many factors,
including the source of environmental contamination and the physical
environment, However, TCDD is the major contributor to dioxin toxicity
equivalent (TEQ) in most environmental media, and many researchers have
chosen to measure only TCDD. For drinking water, relatively little data on levels
of TCDD or any of the PCDDs are available; that is, none of the PCDDs are
detectable in finished water. Therefore we think that, for the intended purposes
of this risk assessment, there should be no particular reason for confusion.

Comment 6: “State clearly whether the USEPA max allowable concentration for
dioxin in drinking water is isomer specific or TEQ. The public may also be
confused then when they see the USEPA MCL of 0.03 ng/L on pg. 1. Did the
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authors of the draft document mean to clarify “surface water guideline” rather
than drinking water on pg. 7?”

Response 6: The U.S. EPA Maximum Contaminant Level (MCL) of 0.03 ng/L
refers specifically to TCDD. Page one of the PHG document has been changed
to reflect this. The reference to “surface water guideline,” now on page 5,
specifically refers to ITEQ, or International Toxicity Equivalent Quotient, which
refers to a mixture of isomers.

Comment 7: “The relationship of the calculation of daily intake, D, in the
equation provided and Table 15 is not clear for the lay reader. The assumed
value of the absorbed fraction, A(0.5), of the dose, D, is not provided and it is not
explained that D should be divided by bodyweight in order to compute the human
equivalent doses in Table 15 from the rat adipose tissue dose”

Response 7: Additional information on calculation of the Human Equivalent
Doses has been added to the document.

Comments from Clifford Howlett, Executive Director, Chlorine Chemistry
Council

Comment 1: “OEHHA'’s reliance on the USEPA Draft Reassessment document
is inappropriate. The analyses should not be relied upon until they have
undergone a rigorous, thorough and final review. OEHHA should await the
release of the NAS report before finalizing the draft PHG for TCDD.”

Response 1. The PHGs are developed from scientific studies in the peer-
reviewed literature. U.S. EPA documents serve as one important source of
information, and reports by NAS are another. However, as a practical matter, we
do not wait for promised updated evaluations, because updates are sometimes
delayed for years. The Calderon-Sher Safe Drinking Water Act of 1996 requires
OEHHA to review and update the risk assessments of water contaminants at
least every five years. Although with the present staffing level this is not
generally possible, our timely production of chemical reviews would be made
even more difficult if we waited for other agencies to finalize each of their
evaluations.

However, it should be noted that the NAS committee’s report has now been
released (NAS, 2006), and its conclusions are now cited in the risk assessment.
Both the U.S. EPA’s Dioxin Reassessment Review Subcommittee (DRSS) of the
Science Advisory Board (SAB) (U.S. EPA, 2001) and the NAS committee
basically concurred with the major observations and conclusions in the U.S.
EPA’s draft dioxin risk assessment.

The major concerns were on cancer risk modeling methods, quantitation and
acknowledgement of uncertainty, and points related to risk communication, i.e.,
better acknowledgment of the uncertainty. The U.S. EPA SAB DRRS panel
acknowledged that the various issues are not resolvable with current data, and
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recommended that U.S. EPA complete the risk assessment with available data.
The NAS (2006) recommended that the approach be justified better and the
uncertainty and variability be more explicitly stated, in the final draft.

OEHHA concurs with the SAB recommendation. Despite the uncertainty
associated with risk extrapolation to low environmental levels for this (or any
other) chemical, public health protection requires prudent assumptions such as
the use of the linearized multistage method for cancer risk assessment in this
case. We see nothing in the recommendations of either the SAB or the NAS
which would justify further delay in publication of a drinking water standard.

Comment 2: “The use of a benchmark dose of a 1 percent response as the basis
of non-cancer risk assessment results in additional, unstated conservatism in the
risk assessment process”

Response 2. A benchmark dose approach was not used in the calculation of the
non-cancer public-health protective level for TCDD. For the final version of the
document, a lowest-observed-adverse-effect-level (LOAEL) of 3 ng/kg-day has
been selected for calculation of a public health-protective concentration for
noncarcinogenic effects of TCDD in drinking water, based on the NTP (2004)
toxicology/carcinogenesis gavage studies of TCDD in female Sprague-Dawley
rats. Atthe LOAEL, there were significant increased incidences of cell
proliferation, gingival squamous hyperplasia, cytochrome P450 induction, as well
as significant increases in lung and liver weights. The health-protective level was
calculated from the estimated human body burden comparable to the LOAEL in
rats.

Comment 3: “The info on general population exposure levels is out of date. See
pg. 8 of PHG. Look at Lorber 2002 and Aylward and Hays, 2002 studies.
Patterson et al. 2004...The exp characterization should be updated to include the
most current information...”

Response 3. A section on temporal trends in TCDD/TEQs has been added to
the document and updated information on general TCDD exposure levels is
included in it. However, present estimates of national background levels of
dioxins in tissues are uncertain because current data cannot be considered
statistically representative of the general U.S. population, as discussed by Lorber
(2002), Aylward and Hays (2002), and Patterson et al. (2004).

Comment 4: “OEHHA’s cancer potency calc is incompletely documented...”

Response 4. The calculation has been revised and additional information has
been added to the PHG document to clarify calculation of the TCDD cancer
potency.
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Comment 5: “In the NTP (2004) carcinogenesis study, the predominant
responding tumors are hepatic tumors, responding both at the lowest doses and
to the greatest degree. Bioassay reports provide both adipose and liver tissue
concentration data. Given the availability of hepatic tissue concentration data,
use of adipose tissue concentrations as the dose metric for assessing dose-
response in the NTP (2004) bioassay for hepatic tumors may be problematic.”

Response 5: The choice of dose metric is dependent upon the data available.
Liver and adipose tissues showed the highest levels of TCDD. No measurable
concentrations of TCDD were observed in blood from treated rats at any of the
study time points; thus metabolic rates for TCDD could not be calculated.
Because of the liver toxicity, changes in physiological parameters (e.g., tissue
volumes, organ perfusion rates) due to growth and toxicity (cell death) would
have to be accounted for if one were attempting to use the liver concentration
data in estimating steady-state tissue concentrations. Also, the liver/fat
concentration ratio changes with TCDD dose because of an increase in the
amount of microsomal TCDD-binding protein, CYP1A2, in the liver (Anderson et
al., 1993; Diliberto et al., 2001). For high doses in chronic exposure studies, this
leads to nonlinearity in the concentration of TCDD in the liver whereas, at low
doses, TCDD concentration of liver as a function of dose is more or less linear.
Therefore, we judged that applying estimated body burden (from adipose tissue
concentrations) to cancer response data would provide the best approach.

Comment 6: “The data supporting a threshold should be acknowledged and
discussed — even if OEHHA chooses to use a non-threshold approach to derive
the PHG.”

Response 6: We acknowledge in the Dose Response and Risk Characterization
sections of the PHG document the varied opinions on the cancer dose-response
extrapolation, as well as the quantitative uncertainty with regard to extrapolation

to low doses and cancer risk levels for TCDD. OEHHA has utilized the approach
used by the U.S. EPA (2003) and recommended in the current U.S. EPA cancer
risk guidelines (U.S. EPA, 2005).

Comment 7: “[The PHG document]...does not contain key recent studies by
Cole et al. (2003) and Bodner et al. (2003).... [and] Aylward et al. 2005”

Response 7. The Cole et al. (2003) review, sponsored by the Chlorine
Chemistry Council, concludes that, “The long-term accumulation of negative,
weak, and inconsistent findings suggests that TCDD eventually will be
recognized as not carcinogenic for humans.” This is simply not supported by the
weight of the scientific evidence, either in humans or experimental animals. The
1976 Seveso, Italy industrial accident was one in which several thousand people
were potentially exposed to relatively pure TCDD. Bertazzi et al. (2001)
conducted an extended follow-up of this population 20 years later. An excess of
lymphohemopoietic neoplasms was found in both genders. In previous
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experimental studies, a dose-related increase of lymphoma was found in both
male and female mice (NTP, 1982, 2004; Della Porta et al., 1987). In the
Bertazzi et al. (2001) study, all-cancer deaths were significantly in excess after
15 years amongst males living in the high-exposure zones. The magnitude of
the excess was similar to that estimated in previous long-term studies of high-
exposure, male occupational cohorts (Saracci et al., 1991, Flesch-Janys et al.,
1995; Kogevinas et al., 1997). Mortality from rectal cancer and lung cancer was
also elevated among males. The lung is one of the organs targeted by the
carcinogenic action of TCDD in rats and mice (Kociba et al., 1978; NTP, 1982,
2004). Also, at least one other occupational cohort study found an increase in
rectal cancer (Flesch-Janys et al., 1998).

Cole et al. (2003) state that, “The epidemiologic studies of occupational
exposures, pesticide applicators, and community exposures following industrial
accidents, notably Seveso, have generated overall risks of all cancer of about
1.0.” In fact, in the Seveso population, the relative risks of Hodgkin’s disease,
non-Hodgkin’s lymphoma, myeloid leukemia, and rectal cancer were 4.9, 2.8,
3.8, and 2.4, respectively (Bertazzi et al., 2001). Although we reject the
conclusions of Cole et al. (2003), it is now cited in the PHG document.

The epidemiological investigation of Bodner et al. (2003), which reports no
significant increase in cancer mortality in a cohort of chemical workers, has been
added to the cancer section.

Aylward et al. (2005) argue that current PBPK models need to be modified to
account for elimination of unchanged TCDD via lipid partitioning from the
circulation into the large intestine. Their study is based on published human data
from 39 persons, in which the hepatic elimination rate parameter for each person
was varied to optimize model fit to the data. According to the authors, the data
and model results indicate that, for males, the mean apparent half-life of TCDD
ranges from less than 3 years at serum lipid levels above 10,000 ppt to over 10
years at serum lipid levels below 50 ppt. Aylward et al. (2005) state that “specific
values of the individual parameters used in this modeling should be interpreted
with caution.” We agree; this is not a model that has been rigorously tested or
scientifically validated.

A number of other investigators have proposed that the elimination kinetics for
TCDD are concentration-dependent, which is at least partly related to AhR-
mediated induction of cytochrome P450 1A2 (CYP1A2). In both the human and
animal data, as the dose increases the apparent half-life decreases, indicating an
inducible elimination of TCDD. These studies are discussed in the PHG
document. At present, human data are insufficient to determine the shape and
parameters of the dose-response curve for the liver fraction due to induction of
CYP1A2 in the liver. Increased elimination rates have typically been observed in
instances where body burdens are substantially elevated, compared to
exposures at environmental levels, although the data are too limited to validate a
PBPK model that incorporates an inducible elimination of TCDD. Therefore the
decision has been made to use the human half-life for TCDD of 7.1 years, which
has been accepted by U.S. EPA (2003), for the PHG cancer calculation. (A
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number of studies entailing TCDD exposure in both occupationally and non-
occupationally-exposed cohorts have reported that the half-life for TCDD ranges
from about 7 to 9 years (Flesch-Janys et al., 1996, Michalek and Tripathi 1999;
Needham et al., 1994, 1997; Rohde et al., 1999)).

Comment 8: “Finally, the benchmark dose modeling methodology used by the
USEPA results in comparison of 1% responses across a wide range of
biochemical, tissue, and adverse response endpoints, all with differing biological
significance and control animal variability. A 1% percent change in enzyme
activity is biologically trivial (and undectable); a 1% incidence of cleft palate is not
trivial but is still undetectable in most experimental protocols. The USEPA (2000)
analysis incorporates factors of unstated additional conservatism (several to
more than 10-fold) compared to traditional risk assessments.”

Response 8: We agree with the U.S. EPA that changes in biochemical indices
can be linked to toxic responses, and that applicable data are certainly available
for this purpose for TCDD. However, our analysis is not based on the
benchmark approach used by U.S. EPA.

Comments from Minnesota Department of Health

Comment 1: “Why is the Goodman and Sauer (1982) re-evaluation of the Kociba
data not discussed or included in Tables 10-12?"

Response 1. A discussion of the Goodman and Sauer (1982) paper was
inadvertently omitted from the PHG document. This has now been corrected.
The Goodman and Sauer (1982) tumor incidence data have also been added to
Table 11 of the PHG document. Table 10 presents only male rat tumor incidence
data, and Goodman and Sauer (1982) only re-evaluated liver sections; liver
tumors were not found in male animals in this study. Similarly, Table 12
compares tumor incidences between the Kociba et al. (1978) and Squire (1980)
reports, which include more than just liver tumor incidence data.

Comment 2: “Table 14 should include NTP 2004 data/calculations for
comparison.”

Response 2. We agree. These are now included.

Comment 3: “Did you attempt to account for the stop-dosage group in your
analyses of the NTP 2004 data? The data seem to suggest that timing (of dosing
and evaluation) may be very important — and may be more important than some
of the human equivalent dose (HED) adjustments.”

Response 3: For development of the PHG cancer-based number, the issue of
concern is chronic exposure, so the cancer analysis focused on the most
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relevant data for that endpoint. The NTP (2004) stop exposure data comprised
an exposure duration of only 30 weeks (and at only a single dose level), so we
decided not to attempt to incorporate these data into the analyses.

Comment 4: “The document specifies an absorbed dose of 0.5 — NTP cites 66-
93% (84%). Typically, Gl absorption is not corrected in the calculation of risk,
especially when the difference from 100% is minimal. Adjustments are often
incorporated into exposure equations.”

Response 4: For this calculation, we are assuming that 100 percent of the TCDD
present in drinking water would be absorbed, but that a lesser fraction would be
absorbed under the conditions of the NTP study. The 0.5 estimate is more
health-protective (in effect, doubling the potency per mg dioxin administered), but
not excessive, in our opinion.

Comment 5: “How was the Monte Carlo used? It is not clear what the
independent and dependent variables were in the Monte Carlo, nor is it clear
what the uncertainty is for the data used. Why weren’t deterministic calculations
used?”

Response 5: The linear term (q;) of the multistage model is first estimated based
on dose-response data for each of the treatment-related tumor sites (tumor
incidence data taken from Table 9). Statistical distributions, rather than point
estimates, are generated at each site by tracing the profile likelihood of the linear
term (q1). The distributions of q; for each of the treatment-related sites are then
statistically summed using a Monte Carlo approach and assuming independence.
The sum is created by adding the linear term for each tumor site, according to its
distribution, through random sampling with 100,000 trials. The upper 95 percent
confidence bound on the summed distribution is taken as the multisite cancer
potency estimate (g,*). Deterministic calculations are less useful when summing
results from multiple sites.

Comment 6: “HED conversions are not shown or explained. You appear to be
normalizing to “rat adipose tissue concentrations” but your units in Table 15 are
pg/g-day. Should this be pg/g? It appears that you are using the mean of the
adipose tissue concentrations (pg/g) from the NTP study (Table 13). What is the
adipose tissue equivalence q:* in Table 16?7 Why is it calculated and how is it
used in your risk calculations?”

Response 6: Yes, the correct units for Rat Adipose Tissue Concentrations in
Table 15 are pg/g. This has now been corrected. For calculating body burden,
we used each of the adipose tissue levels at four different time points. The
trapezoid rule was then used to estimate the overall average. Then, using this
data and U.S. EPA’s steady-state, Human Equivalent Doses (HEDs) were
calculated for the various dose levels. In the previous draft of the PHG, the
applied dose q;* combined site estimate was mistakenly used in the final cancer
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calculation in place of the adipose equivalence q;*, which no doubt caused
considerable confusion. This has been corrected.

Comment 7: “How can a combined site estimate for g,* be less than the g;* at
one site (see Table 16, third column, Lung and combined site estimates)?”

Response 7: The value for lung (applied dose q:*) in Table 16 should have been
entered as 2.66 x 10°. This has been corrected in the final document.

Comment 8: “The potency estimates in Table 16, second column, appear to
over-represent tumors that were not observed very often in the study (pancreas
acinar adenomas, lung epitheliomas, liver hepatocholangiomas). Further — the
estimates for the three tumors are identical. Again, more transparency in how
these calculations were made is needed.”

Response 8: The human cancer potency estimates for pancreas acinar
adenomas, lung epitheliomas, and liver hepatocholangiomas (Table 16) are
0.268 x 10%, 2.66 x 10° (corrected), and 0.265 x 10*, respectively. The same
equation is used to fit all three sites. Those are the upper confidence bound on
the lowest estimates.

Comment 9: “You do not appear to have used the actual dose to the animals
anywhere in your calculations. Instead you use the adipose tissue concentration
as your metric. This should be stated in your document.”

Response 9: Our use of body burden (i.e., adipose tissue concentration) as a
dose metric for the PHG cancer calculation is stated in several key sections in
the PHG document (in the introduction, in the dose response assessment
section, etc.). This follows the approach of U.S. EPA for TCDD (U.S. EPA,
2003). According to U.S. EPA, body burden (estimated at steady-state
conditions) provides for a more reasonable description of dose.

Comment 10: “Because this study and cancer potency derivation appears to be
superior to earlier approaches, OEHHA has chosen these for development of the
proposed PHG for TCDD’. This is not a reason to use this method — but a
summary evaluation. Why is this method superior?”

Response 10: Our cancer potency derivation utilizes body burden as a dose
metric, as opposed to the more traditional method of using daily intake, for
species extrapolation. Body burden takes into account the considerable
difference in half-life of TCDD in rats vs. humans. Although the assumption of a
single TCDD half-life is uncertain, because limited data exist to validate a PBPK
model that incorporates an inducible elimination of TCDD, the decision was
made to use the human half-life of 7.1 years recommended by the U.S. EPA
(2000, 2003) for the PHG cancer calculation because it accounts for more
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uncertain variables. The cancer PHG is derived from the NTP (2004) gavage
study because this provides a superior data set compared to the study of Kociba
et al. (1979). In the latter study, which U.S. EPA used to estimate human cancer
risk, survival was poor in all groups of control and exposed rats; at 2 years, only
8-22 percent of males, and 8-32 percent of females were still alive. The early
mortality reduced the sensitivity of this study for determining the actual number of
neoplasms induced by two years of exposure to TCDD. We believe that the NTP
(2004) study, given its careful design and conduct, as well as improved survival
rate, provides a superior basis for risk assessment.

Comment 11: “Can you justify the use of new female rat data and the methods
used to calculate the CSF rather than other CSFs that could be calculated using
other species/sex and/or other methods? (e.g., CSF calculations from male mice
data (NTP 1982) would likely be different.”

Response 11: All long-term carcinogenicity studies on TCDD have produced
positive results. TCDD is a carcinogen at multiple sites in both sexes of rats and
mice (U.S. EPA, 1985; IARC, 1997; NTP, 2004). Several studies in animals
have demonstrated that female rats are more susceptible to TCDD-induced liver
neoplasms than males. Sex hormones appear to exert a profound influence on
the carcinogenic action of TCDD. Higher tissue concentrations and longer half-
lives have been reported in females vs. males (Li et al., 1995). The study design,
species, and dose range used in the NTP (2004) study was based on earlier
animal carcinogenicity studies. That is, female Sprague-Dawley rats were
chosen because of the high incidence of hepatocarcinogenicity in females in this
species and strain compared to males of this strain, as well as other species of
test animals. Use of the most sensitive species, strain, and sex is standard
procedure for health-protective risk estimates. The combined-site CSF
calculation is now our default cancer potency calculation method, where data
allow.

Comment 12: “Page 48 — carcinogenic effects — the implication is that the EPA
human-data derived CSF is not conservative enough. You never say why this
EPA CSF shouldn’t be used or why your CSF (which is consistently less than the
EPA Human CSF) is better.”

Response 12: We believe that use of the NTP (2004) animal study from which
our CSF was derived (and including U.S. EPA’s recommended use of body
burden as a dose metric for species extrapolation) constitutes a superior
approach to U.S. EPA’s derivation of a human CSF using epidemiological data.
On pages 44-45 of the PHG document, we discuss the considerable limitations
and uncertainties associated with the TCDD epidemiological literature, and in
particular the lack of good exposure information. In general, potency estimates
from animal studies have been found to be similar to those derived from human
data (U.S. EPA, 2000).
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Comment 13: Non-cancer Hazard Calculation: “If amyloidosis and dermatitis are
effects that would be expected after a short-term exposure (prior to reaching
steady state), why are they used as the principal/most sensitive chronic non-
cancer endpoints? ... Assuming that the dose metric used for amyloidosis and
dermatitis is correct (dose and not body burden), using other studies that rely on
body burden in a HED calculation would undoubtedly result in a lower RfD (e.g.
NTP 2004). Why wasn't this discussed?”

Response 13: The critical study for the non-cancer PHG value has been
changed to the NTP (2004) chronic exposure of female rats. The health-
protective value is based on the LOAEL for significantly increased incidences of
cell proliferation, gingival squamous hyperplasia, and cytochrome P450
induction, as well as significant increases in lung and liver weights.

Comments from Cambridge Environmental, Inc., Edmund Crouch

Comment 1: “The first and second entries, for liver, hepatocellular carcinoma,
and liver cholangiocarcinomas are inconsistent with the remaining entries. The
remaining entries have been calculated using MSTAGE (or a similar program)
using a total of 6 parameters. To obtain the values in the “Applied Dose”, the
confidence limit has been calculated using 5 parameters for liver, hepatocellular
carcinoma and 4 parameters for liver cholangiomas. The values using 6
parameters are 5,345 kg-d/mg and 14,134 kg-d/mg, respectively.”

Response 1: When calculating values for the applied dose column, OEHHA
constrained the MSTAGE model to four parameters (for liver cholangiomas)
because of instability in fitting. Use of the later version of the MSTAGE model
results in a small percent change in the combined site estimate for TCDD (2.7 vs.
2.6), a change of ~ 4 x10 (0.1/2.6).

Comment 2: “The entry for “lung” is a factor of 10 too high. The correct value is
2,661 kg-d/mg. This looks like a typo.”

Response 2: Agreed, the value for lung has been corrected in the PHG
document (stated in the equivalent form of 0.266 x 10* (mg/kg-day)™).

Comment 3: “A substantial part of pages 42-47 is spent detailing the purported
advantages of using body burden to extrapolate to humans. At page 48, we are
told “OEHHA agrees with the U.S. EPA’s use of body burden as dose metric....”
Despite this, at the top of page 49, we have, “The combined cancer potency for
the seven tumor sites identified in the NTP (2004) study is 2.6 x 107
(ng/kg-day)™.” But this is potency calculated using intake doses and
extrapolating to humans in the OEHHA standard way (assuming 70 kg human,
0.35 kg rat, and an interspecies factor proportional to the 1/3 power of the body
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weight ratio). See Table 16 where this value is quite clearly derived for the
“applied Dose q1*” for the “Combined site estimate for TCDD”. This value does
NOT correspond to using a body burden metric for extrapolation”.

Response 3. The combined site estimate used in the initial PHG draft for the
cancer calculation was incorrect. Instead, the adipose tissue equivalence
combined site estimate g:* should have been used. This has been corrected,
and the cancer PHG value has been re-calculated.

Comment 4: Inadequate description of methodology: “The methodology
described at page 46 for “Multi-Site Analysis” is too abbreviated to be adequate,
although | believe | have reproduced what was done (see above). | believe that
the 0.1 to 99.9 percentile points by steps of 0.1% were calculated (a total of 999
points), and these were sampled with equal frequency (but see item 7 below).
The precise methodology should be specified. MSTAGE produces the
percentiles one value at a time (there is a tabular facility, but it does not produce
that particular table), and | understand some automated procedure was used to
run MSTAGE. That procedure should be made publicly available (or | will modify
MSTAGE if it is felt desirable to produce such tables; however, it is really
unnecessary, see below). Itis not clear whether 6, 5, or 4 parameters were used
for some of the analyses (see items 1 and 3 above), and the basis for any such
selection is not given. The spreadsheet that was used for the Monte Carlo
procedure, and the data input to that spreadsheet, should also be provided, in
order to allow an adequate technical evaluation. The approach of generating
individual percentage points to approximate a distribution is cumbersome. A
more elegant approach is to use the tables produced by MSTAGE that provide
the change in log likelihood and various gradients as the parameter values are
stepped. These tables can be used to fit the log likelihood very accurately with
cubic splines, and these splines can then used for the distributions. However, this
approach is unnecessary in this case (see item 5).”

Response 4. A combined response to comments 4 and 5 is provided at the end
of comment 5, below.

Comment 5: “The Monte Carlo procedure described at page 46 (“Multi-Site
Analysis”) is unnecessary to sum across multiple end-points. An approach that
simply extends the standard EPA style likelihood-based approach (as carried out
for single end points in MSTAGE) is much easier, more in the spirit of the original
(single-end-point) approach, and is readily implemented in a spreadsheet
[indeed, all the calculations performed by MSTAGE are easy to carry out in a
spreadsheet]. The standard approach to analysis of these bioassays simply
calculates the loglikelihood for the observations, assuming binomial results and a
linearized multistage dose-response. See Anderson et al. (1983), Quantitative
Approaches in use to assess Cancer Risk, Risk Analysis 3(4)277-295. The
upper confidence limit on the linear term is found by maximizing that linear term
(treating all the parameters of the dose-response model, including the linear
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term, as free to vary) subject to twice the decrease in loglikelihood from its
maximum value being less than or equal to a critical value (approximately
2.70554). Extension to the sum of multiple end points is straightforward. The log
likelihood in this case is formed as the sum of the log likelihoods for all the end
points treated in exactly the same way as for evaluation of each end point
individually (with individual dose-response curves for each). Then the sum of the
linear terms is obtained, and its upper confidence limit is found in exactly the
same way (maximizing this sum, treating all the parameters of all the dose-
response models for the individual end points as free to vary, subject to twice the
decrease in log likelihood being less than or equal to the critical value).”

“If my hypothesis as to the procedure adopted is correct [see item 4 above], the
Monte Carlo procedure adopted is slightly incorrect. Sampling the 0.1% step
0.1% to 99.9% points effectively omits the two 0.05% regions at the top and
bottom ends. A better approximation would be to generate the 0.05% step 0.1%
to 99.95% points, and sample those (1000) points with equal probability. [t is
possible that the 0.1% step 0.2% to 99.9% points were sampled with equal
probability, which would be correct, but | cannot tell from the material presented)].
The effect of this correction would be small (I have not bothered to evaluate it)
compared with other approximations involved.”

Response to comments 4 and 5: While using MSTAGE tables may be a more
elegant methodological approach, it does not alter the overall result (i.e.,
accuracy). The Monte Carlo procedure has been peer-reviewed through the
regulatory setting processes, and provides an acceptable degree of
transparency. We believe that the Monte Carlo approach to approximating a
distribution is more easily understood by the public than discussing alterations
and likelihood functions. OEHHA has adopted several standards based on this
approach.

Comment 6: The introduction of LEDo1 on page 49 is misleading. “On page 49,
following the first equation, the definition of CSF is given as 0.01/LEDo1. This is
incorrect, however, since the CSF in this case is not so derived”.

Response 6: Agreed. This mistake has been corrected.

REFERENCES

Abraham K, Krowke R, Neubert D (1988). Pharmacokinetics and biological
activity of 2,3,7,8-tetrachlorodibenzo-p-dioxin. 1. Dose-dependent tissue
distribution and induction of hepatic ethoxyresorufin O-deethylase in rats
following a single injection. Arch Toxicol 62(5):359-68.

Aylward LL, Brunet RC, Carrier G, Hays SM, Cushing CA et al. (2005).
Concentration-dependent TCDD elimination kinetics in humans: toxicokinetic

California Public Health Goal (PHG)
Responses to Major Comments 15 September 2010



modeling for moderately to highly exposed adults from Seveso, Italy, and Vienna,
Austria, and impact on dose estimates for the NIOSH cohort. J Exp Anal Environ
Epidemiol 15:51-65.

Aylward LL, Hays SM (2002). Temporal trends in human TCDD body burden:
decreases over three decades and implications for exposure levels. J Expo Anal
Environ Epidemiol. 12(5):319-28.

Bertazzi PA, Consonni D, Bachetti S, Rubagotti M, Baccarelli A, Zocchetti C,
Pesatori AC. (2001). Health effects of dioxin exposure: a 20-year mortality study.
Am J Epidemiol 153(11):1031-44.

Bodner KM, Collins JJ, Bloemen LJ, Carson ML (2003). Cancer risk for chemical
workers exposed to 2,3,7,8-tetrachlorodibenzo-p-dioxin. Occup Environ Med
60:672-5.

Chen J, Thirkill T, Overstreet J, Lasley B, Douglas G (2003). Effect of 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD) on chorionic gonadotropin secretion by
human trophoblasts. Reprod Toxicol 17:87-93.

Cole P, Trichopoulos D, Pastides H, Starr T, Mandel JS (2003). Dioxin and
cancer: a critical review. Reg Toxicol Pharmacol 38:378-88.

Della Porta G, Dragani TA, Sozzi G (1987). Carcinogenic effects of infantile and
long-term 2,3,7,8 tetrachlorodibenzo-p-dioxin treatment in the mouse. Tumori
73:99-107.

Diliberto JJ, DeVito MJ, Ross DG, Birnbaum LS (2001). Subchronic Exposure of
[3H]- 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) in female B6C3F1 mice:
relationship of steady-state levels to disposition and metabolism. Toxicol Sci
61(2):241-55.

Edmond C, Michalek J, Birnbaum L, Devito M (2005). Comparison of the use of a
physiologically based pharmacokinetic model and a classical pharmacokinetic
model for dioxin exposure assessments. Environ Health Perspect 113(12):1666-
8.

Flesch-Janys D, Berger J, Gurn P, Manz A, Nagel S, Waltsgott H, Dwyer JH
(1995). Exposure to polychlorinated dioxins and furans (PCDD/F) and mortality in
a cohort of workers from a herbicide-producing plant in Hamburg, Federal
Republic of Germany. Am J Epidemiol 142:1165-75.

Flesch-Janys D, Steindorf K, Gurn P, Becher H (1998). Estimation of the
cumulated exposure to polychlorinated dibenzo-p-dioxins/furans and
standardized mortality ratio analysis of cancer mortality by dose in an
occupationally exposed cohort. Environ Health Perspect 106(Suppl 2):655-62.

Flesch-Janys D, Becher H, Gurn P, Jung D, Konietzko J, Manz A, Papke O
(1996). Elimination of polychlorinated dibenzo-p-dioxins and dibenzofurans in
occupationally exposed persons. J Toxicol Environ Health 47(4):363-78.

Food Standards Agency U.K. (2000). Dioxins and PCBs in the U.K. diet: 1997
total diet study samples. Information sheet no. 4/00.

California Public Health Goal (PHG)
Responses to Major Comments 16 September 2010



IARC (1997). IARC working group on the evaluation of carcinogenic risks to
humans: polychlorinated dibenzo-para-dioxins and polychlorinated
dibenzofurans. IARC Monogr Eval Carcinog Risks Hum 69:1-631. Lyon, France.

Kociba RJ, Keyes DG, Beyer JE, Carreon RM, Wade CE et al. (1978). Results of
a two-year chronic toxicity study and oncogenicity study of 2,3,7,8-
tetrachlorodibenzo-p-dioxin in rats. Toxicol Appl Pharmacol 46:279-303.

Kogevinas M, Becher H, Benn T, Bertazzi PA, Boffetta P et al. (1997). Cancer
mortality in workers exposed to phenoxy herbicides, chlorophenols, and dioxins:
an expanded and updated international cohort study. Am J Epidemiol 145:1061-
75.

Li X, Weber L, Rizman K (1995). Toxicokinetics of 2,3,7,8-tetrachlorodibenzo-p-
dioxin in female Sprague-Dawley rats including placental and lactational transfer
to fetuses and neonates. Fund Appl Toxicol 27:70-6.

Michalek J, Tripathi R (1999). Pharmacokinetics of TCDD in veterans of
operation ranch hand: 15-year follow-up. J Toxicol Environ Health A 57(6):369-
78.

Michalek JE, Pirkle JL, Needham LL et al. (2002). Pharmacokinetics of 2,3,7,8,-
tetrachlorodibenzo-p-dioxin in Seveso adults and veterans of operation Ranch
Hand. J Exp Anal Environ Epidemiol 12:44-53.

Moran A, Hendrickx F, Shideler A et al. (2004). Effects of 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD) on fatty acid availability and neural tube
formation in cynomolgus macaque, Macaca fascicularis. Birth Defects Res B Dev
Reprod Toxicol 71(1):37-46.

Moran A, Tarara F, Chen R, Santos J, Cheney S et al. (2001). Effect of dioxin on
ovarian function in the cynomolgus macaque (M. fascicularis). Reprod Toxicol
15(4):377-83.

NAS (2006). Health risks from dioxin and related compounds: evaluation of the
EPA Reassessment. Committee on EPA’s Exposure and Human Health
Reassessment of TCDD and Related Compounds. National Research Council,
National Academy of Sciences. National Academy Press, Washington, DC.

Needham L, Gerthoux P, Patterson D et al. (1994). Half-life of 2,3,7,8-
tetrachlorodibenzo-p-dioxin in serum of Seveso adults: interim report.
Organohalogen Compounds 21:81-5.

Needham LL, Gerthoux PM, Patterson DG et al. (1997). Serum dioxin levels in
Seveso, Italy, population in 1976. Teratol Carcinog Mutagen 17:225-40.

NTP (1982). Carcinogenesis bioassays of 2,3,7,8 tetrachlorodibenzo-p-dioxin
(CAS no. 1746-01-6) in Osborne-Mendel rats and B6C3F1 mice (gavage study).
In: Technical Report Series No. 109. National Toxicology Program, National
Institutes of Health, Research Triangle Park, NC.

NTP (2004). Toxicology and carcinogenesis studies of 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD) in female Harlan Sprague-Dawley rats

California Public Health Goal (PHG)
Responses to Major Comments 17 September 2010



(gavage study). NIH publication No. 04-4455. NTP TR 521. National Toxicology
Program, Public Health Service, National Institutes of Health, Research Triangle
Park, NC.

Patandin S, Dagnelie PC, Mulder PG, Op de Coul E, van der Veen JE et al.
(1999). Dietary exposure to polychlorinated biphenyls and dioxins from infancy
until adulthood: a comparison between breast-feeding, toddler, and long-term
exposure. Environ Health Perspect 107:45-51.

Patterson DG, Patterson D, Canady R, Wong L, Lee R et al. (2004). Age specific
dioxin TEQ reference range. Organohalogen Compounds 66:2878-83.

Rao MS, Subbarao V, Prasad JD (1988). Carcinogenicity of 2,3,7,8-
tetrachlorodibenzo-p-dioxin in the Syrian Golden hamster. Carcinogenesis
9(9):1677-9.

Rohde S, Moser G, Papke O et al. (1999). Clearance of PCDD/Fs via the
gastrointestinal tract in occupationally exposed persons. Chemosphere
38(14):3397-410.

Saracci R, Kogevinas M, Bertazzi PA, Bueno de Mesquita BH, Coggon D et al.
(1991). Cancer mortality in workers exposed to chlorophenoxy herbicides and
chlorophenols. Lancet 338:1927-32.

Scott M, Tarara R, Hendrickx A et al. (2001). Exposure to the dioxin 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD) induces squamous metaplasia in the
endocervix of cynomolgus macaques. J Med Primatol 30(3):156-60.

Toth K, Somfai-Relle S, Sugar J et al. (1979). Carcinogenicity testing of herbicide
2,4,5-trichlorophenoxyethanol containing dioxin and of pure dioxin in Swiss mice.
Nature 278:548-9.

U.S. EPA (1985). Health effects assessment for polychlorinated dibenzo-p-
dioxins. Office of Health and Environmental Assessment, Environmental Criteria
and Assessment Office, U.S. Environmental Protection Agency, Cincinnati, OH,
for the Office of Emergency and Remedial Response, Washington, DC. EPA-
600/8-84/0146.

U.S. EPA (2000). Draft exposure and human health reassessment of 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD) and related compounds. National Center for
Environmental Assessment, U.S. Environmental Protection Agency, Washington,
DC. Accessed at:
http://cfpubl.epa.gov/nceal/cfm/partland2.cim?ActType=default.

U.S. EPA (2001). Dioxin Reassessment — An SAB review of the Office of
Research and Development’s reassessment of dioxin. Science Advisory Board,
U.S. Environmental Protection Agency Washington, DC. EPA-SAB-EC-01-006.
Accessed at: www.epa.gov/sab.

U.S. EPA (2003). Exposure and Human Health Reassessment of 2,3,7,8-
Tetrachlorodibenzo-p-Dioxin (TCDD) and Related Compounds, NAS Review
Draft, December 2003. National Center for Environmental Assessment,
Washington Office. Office of Research and Development, U.S. Environmental

California Public Health Goal (PHG)
Responses to Major Comments 18 September 2010


http://cfpub1.epa.gov/ncea/cfm/part1and2.cfm?ActType=default�
http://www.epa.gov/sab�

Protection Agency, Washington, DC. EPA/600/P-00/001Cb. Accessed at:
www.epa.gov/ncea.

U.S. EPA (2005). Guidelines for Carcinogen Risk Assessment. March, 2005.
Risk Assessment Forum, U.S. Environmental Protection Agency, Washington,
DC. Accessed at: http://cfpub.epa.gov/nceal/cfm/recordisplay.cfm?deid=116283.
EPA/630/P-03/001F.

Vogel C, Donat S, Dehr O et al. (1997). Effect of subchronic 2,3,7,8-
tetrachlorodibenzo-p-dioxin exposure on immune system and target gene
responses in mice: calculation of benchmark doses for CYP1Al1l and CYP1A2
related enzyme activities. Arch Toxicol 71:372-82.

Walisser J, Bunger M, Glover E, Harstad E, Bradfield C (2004). Patent ductus
venosus and dioxin resistance in mice harboring a hypomorphic Arnt allele. J Biol
Chem 279(16):16326-31.

California Public Health Goal (PHG)
Responses to Major Comments 19 September 2010



	Table of Contents
	Introduction
	Responses to Major comments received
	Comments from Christopher Vogel, University of California, Davis
	Comments from Daniel Chang, University of California, Davis
	Comments from Clifford Howlett, Executive Director, Chlorine Chemistry Council
	Comment 3:  “The info on general population exposure levels is out of date.  See pg. 8 of PHG.  Look at Lorber 2002 and Aylward and Hays, 2002 studies. Patterson et al. 2004…The exp characterization should be updated to include the most current inform...

	Comments from Minnesota Department of Health
	Comments from Cambridge Environmental, Inc., Edmund Crouch

	References

