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OFFICE OF THE ADMINISTRATOR
SCIENCE ADVISORY BOARD

June 28, 2007

EPA-SAB-07-008

Honorable Stephen L. Johnson
Administrator

U.S. Environmental Protection Agency
1200 Pennsylvania Avenue, N.W.
Washington, D.C. 20460

Subject: Advisory on EPA’s Assessments of Carcinogenic Effects of Organic
and Inorganic Arsenic: A Report of the US EPA Science Advisory Board

Dear Administrator Johnson:

The U. S. Environmental Protection Agency’s (EPA) Office of Pesticide
Programs (OPP), Office of Water (OW), and Office of Research and Development
(ORD) coordinated the development of two scientific documents that address the
carcinogenicity of Dimethylarsinic Acid (DMA") and inorganic arsenic (iAs). In
response to an Agency request, the Science Advisory Board (SAB) convened an expert
panel to review and comment on key scientific issues presented in these two documents,
including: (a) the metabolism and toxic responses of arsenic species; (b) mode(s) of
carcinogenic action; (c) data selection for dose-response assessment; and (d) approaches
and methods for low-dose extrapolation for DMA" and iAs.

The SAB Panel supported the Agency’s conclusion that on the basis of available
data, human exposure to DMA" appears to result in a narrower spectrum of active
metabolites than those expected in the metabolic profile associated with exposure to iAs.
Therefore, the Panel agreed with EPA that, in the absence of human data on DMAV, the
bladder tumor data from DMA" rat bioassays is better suited for DMA" cancer risk
assessment than is epidemiology data from 1As exposure. The Panel, however, noted that
there remain significant uncertainties associated with the use of animal data for DMA"
cancer risk assessment due to the observed metabolic differences between rats and



humans. The Panel agreed with the Agency’s conclusion that DMA "-induced bladder
cancer in rats, at high dose, is mediated by a cytotoxic mode of action, and that this MOA
should be considered relevant to humans. However, the Panel concluded there are not
sufficient data to support a reactive oxygenated species-mediated mode of direct genetic
action for DMA". The Panel supported the nonlinear approach for low dose
extrapolation of DMA" and the use of uncertainty factors to account for interspecies
differences and human variability for sensitive human populations, and concluded that
presently there is no arsenic-specific information that can inform the choice of specific
values. This means that, at least for now, such choices must be based on more general
considerations, including EPA’s science policy judgment of the degree of precaution that
it deems appropriate.

EPA concluded that the mechanisms by which inorganic arsenic induces bladder
cancer in humans are not yet known, but they are likely to be mediated by multiple
modes of action. The Agency used a linear default approach for low dose extrapolation
because it lacked a full understanding of the iAs modes of carcinogenic action. The
Panel agreed that available human and animal data do not fully describe the shape of the
1As carcinogenic dose-response curve at low doses. Given the considerable uncertainties
regarding low dose extrapolation, the Panel supported the use of a linear cancer risk
model for iAs as recommended by the National Research Council in its 2001 report. The
Panel also supported the use of the epidemiologic data on the Taiwanese population for
estimating human cancer risk for iAs especially to identify the potential range of
responses of human populations. However, the Panel recognized limitations to these
data, and that there is some evidence on iAs from animal toxicology, pharmacokinetics,
and pharmacodynamics research, that suggests other than a linear bladder cancer dose-
response. The Panel urged the Agency to consider other epidemiologic studies from the
U.S. and other countries, utilizing a uniform set of evaluative criteria. The Panel also
recommended sensitivity analyses be conducted to account for human variability in
drinking water consumption rates, dietary intake of iAs from food, and certain other
assumptions currently used in EPA’s assessment. The Panel made several suggestions
for improvements in the currently applied risk model’s programming and documentation
conventions.

Finally, the Panel believes there is a critical need for a continued research effort to
strengthen EPA’s cancer risk assessment for DMA" and iAs. The scientific bases for the
Panel’s conclusions and research recommendations are detailed throughout this report.
We look forward to receiving your response to this review and we appreciate the



opportunity to provide EPA with advice on this important subject and stand ready to
assist the Agency in any future efforts in updating the assessment.

Sincerely,

/Signed/ /Signed/

Dr. M. Granger Morgan, Chair Dr. Genevieve Matanoski, Chair
EPA Science Advisory Board EPA Science Advisory Board
Arsenic Review Panel



NOTICE

This report has been written as part of the activities of the EPA Science Advisory Board, a public
advisory committee providing extramural scientific information and advice to the Administrator
and other officials of the Environmental Protection Agency. The Board is structured to provide
balanced, expert assessment of scientific matters related to problems facing the Agency. This
report has not been reviewed for approval by the Agency and, hence, the contents of this report
do not necessarily represent the views and policies of the Environmental Protection Agency, nor
of other agencies in the Executive Branch of the Federal government, nor does mention of trade
names or commercial products constitute a recommendation for use. Reports of the EPA
Science Advisory Board are posted on the EPA Web site at: http://www.epa.gov/sab.
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1. EXECUTIVE SUMMARY

New information has been developed on the metabolism, pharmacokinetics (PK)
and mode of carcinogenic action of arsenic and its methylated species and new
epidemiology studies have been conducted on inorganic arsenic since the publication of
reviews by the National Research Council (NRC, 1999, 2001). EPA considered this new
science in the development of the Office of Pesticide Programs’ (OPP) Draft Science
Issue Paper: Mode of Action for Cacodylic Acid (Dimethylarsinic Acid) and
Recommendations for Dose Response Extrapolation (USEPA OPP, 2005) and the Office
of Water’s (OW) Draft Toxicologic Review of Inorganic Arsenic (USEPA OW, 2005).
EPA’s Office of Research and Development (ORD) further captured key scientific issues
to be considered in its Issue Paper Cancer Risk Assessment for Organic Arsenical
Herbicides: Comments on Mode of Action, Human Relevance and Implications for
Quantitative Dose-Response Assessment (Appendix E of USEPA OPP, 2005, USEPA
ORD, 2005). The Science Advisory Board (SAB) was asked to review these documents
and offer advice on the metabolism, mode of action, dose-response, and approaches to
low-dose extrapolation of cancer risk for Dimethylarsinic Acid (DMA") and inorganic
arsenic (iAs). The full charge to the SAB is in Appendix A to this document.

In response to the Agency’s request, the SAB convened an expert Panel to
provide advice to the Agency on these scientific issues. In responding to the EPA
Charge, the Panel reviewed the EPA assessments mentioned above, and considered
comments and information that members of the interested public provided during each of
the Panel’s advisory meetings (during 2005 and 2006), and additional studies that are
identified in the reference section of this report. The Panel considered expanding the
Charge to include other health endpoints associated with arsenic and arsenic containing
compounds. However, the Panel decided not to expand its activities beyond the EPA
Charge that largely focused on bladder cancer and to some degree on lung cancer dose-
response issues. It is important to recognize that the Panel did not conduct its own
arsenic risk assessment. To do so would have required an updated literature search and
exploration and resolution of many issues that are discussed throughout this report. The
Panel leaves the larger activity of completing a full risk assessment of all relevant health
endpoints associated with arsenic, and arsenic containing compounds, to the Agency
itself when it conducts its final arsenic assessments.

The Panel was organized into small groups of three to seven members to evaluate
and respond to each specific charge question (see Appendix B to this report for a list of
those members assigned to each charge question). The Panel’s response to each question
reflects consensus, though not necessarily unanimous agreement, among Panel Members
that addressed each specific charge question. In addition, all Panel Members had the
opportunity to participate in meeting discussions of each charge question and each was
able to provide written comments on all questions during report drafting. Many Members



participated in this way and each response reflects adjustments that were considered to be
appropriate by the specific charge group that led the Panel’s efforts for each question. In
that manner, this advisory report provides the Panel’s judgments on each specific issue.
This advice is intended to assist the Agency’s continued efforts to complete its
assessments on various arsenicals. There are many specific conclusions and
recommendations on specific issues associated with each charge question, as well as
recommendations for sensitivity analyses and additional research to answer many of the
remaining questions on arsenic risk. The Panel’s advice on each charge question is
discussed in the remainder of this Executive Summary and discussed in detail in Section
3 of this report.

1.1 Metabolism and Toxic Responses of Arsenic Species
Charge Question Al

EPA concluded that available in vivo and in vitro metabolism and pharmaco!(
kinetic studies in humans and laboratory animals suggest that the efficiency of
methylation reactions and cellular uptake varies with the arsenic compound administered
exogenously. Most studies suggest a predominantly one-way process in mammals and
that after DMA" exposure, significant amounts of iAs", iAs", methylarsonous acid
(MMA™), or methylarsinic acid (MMA") are not expected at target tissues. EPA asked
the SAB to comment on how best to consider the PK processes in cancer risk assessment
based on data derived from direct dimethylarsinic acid (DMA") exposure versus direct
inorganic arsenic (1As) exposure.

Summary Response
The Panel agreed that:

1) Metabolism of iAs appears to be a one-way process in which iAs is
converted to monomethylarsenic (MMA), dimethylarsenic (DMA), and in
some species to trimethylarsenic (TMA) metabolites with arsenic in +3 or
+5 oxidation states. Thus, significant amounts of MMA or iAs are not
expected to be found in tissues or urine of rats or humans as a result of
exposure to DMA", although iAs may be present in human tissues or urine
from other sources.

i1) In contrast, exposure to iAs may result in production, tissue retention, and
urinary excretion of a variety of tri- and pentavalent iAs and methylated
arsenic species.

1i1) The uptake and reduction of DMA" to dimethylarsinous acid (DMA™) are
apparently critical steps in activation of DMA" — though it is not clear if,
where and to what extent these processes occur in humans exposed to
DMA".

1v) The capacity to reduce DMA" to DMA™ seems to exist in human tissues
and the conversion of even a small amount of exogenous DMA" to
DMA™ is of toxicological concern.



vi)

vii)

viii)

Given the differences in the metabolic pattern for iAs and DMAY, the
Panel believes data derived from DMA" exposure, not from iAs exposure,
is better suited for cancer risk assessment of DMA".

Significant uncertainties are associated with this approach. The
toxicologic data on DMA" are mainly from rat studies, and considering
several key differences between rats and humans in the metabolism of
arsenic, these uncertainties should be considered in the assessment of
DMA" cancer risk. Additional uncertainties include methylation and
demethylation of arsenic compounds in humans by intestinal bacteria, co-
exposures to other environmental contaminants, deficiencies in nutrients,
and malnutrition.

The physiologically based pharmacokinetic (PBPK) model under
development by EPA may be a useful approach but it is not yet
sufficiently robust to conduct interspecies extrapolations.

EPA should continue developing the arsenic PBPK model and conducting
research to obtain kinetic constants needed to describe rates of uptake,
efflux, metabolism, and elimination of DMA" in rats and humans.

There is a need to validate such models for predicting tissue
concentrations of active species regardless of the source of arsenic
exposure.

Charge Question A2

EPA concluded that direct exposure to iAs

MoriAsY is expected to result in a

more complex mixture of toxic metabolites than with DMA" exposure given that
mixtures of metabolites vary based on which chemical is administered exogenously.
EPA expects a less complex mixture of metabolites following DMA" exposure than
following iAs exposure. EPA further expects that the tumorigenic profiles vary with the
arsenical compound administered. For its DMA" assessment, EPA asked the SAB to
comment on the use of data derived from rodent exposures to organic arsenicals versus
data derived from direct human exposure to iAs.

Summary Response

The Panel agreed that:

i)

Neither rodent laboratory data on organic arsenicals nor data from studies
of human exposure to inorganic arsenic provide an optimal basis for the
assessment of DMA" exposure in humans because of differences between
the metabolic profiles for inorganic arsenic and DMA and because of
interspecies differences in their metabolism. Despite these uncertainties,
for now, the data from rodent exposures to DMA" appear to be the most
reasonable approach for the DMA" assessment, though this approach has
a significant degree of uncertainty (see charge question Al).

The metabolism of iAs yields a wide spectrum of metabolites which are
apparently not produced during the metabolism of DMA".



iii)

Production of iAs and MMA metabolites may be associated with specific
toxic or cancer endpoints that are absent in DMA" exposure to rats or
humans.

All published data on toxicological responses to DMA" are from studies
in rodents, mainly rats; no human data are available. As noted in the
response to Al above, these differences raise concerns for risk
assessments based on these data.

1.2. Modes of Carcinogenic Action for DMA" and Inorganic Arsenic

Charge question B1

EPA’s approach to cancer risk assessment incorporates two key science policy
assumptions when there are inadequate human data and it needs to rely on laboratory
animal data: (a) animal tumor data are predictive of human cancer and (b) effects found
at high experimental doses in animals predict human risk at lower exposure levels.
Understanding a mode of action (MOA) for a chemical can help to inform the agency
about these assumptions and the most appropriate approach to follow in low dose
extrapolation. EPA asked the SAB to comment on the scientific soundness of the
postulated MOA for DMA "-induced bladder carcinogenesis in the rat.

Summary Response

The Panel concluded that:

i)

There are adequate data to support an MOA for bladder carcinogenesis

induced by high doses of DMA" in the rat and that MOA involves

cytotoxicity to the bladder epithelium and increased, sustained

regenerative proliferation as key events.

The rat metabolizes a significant fraction of exogenous DMA" to

trimethylarsine oxide (TMA"0) and possibly trimethylarsine (TMA™) and

that these compounds cannot be excluded as additional mediators of the

necrotic cytotoxicity in the bladder of exposed rats.

There are not sufficient data to invoke reactive oxygen species (ROS)-

induced DNA damage as a key event in the carcinogenic process

associated with exposures to DMA" and DMA™.

The Panel’s postulated MOA for DMA" is:

a) Reductive metabolism of DMA" to DMA™,

b) High concentrations of DMA™ (and possibly DMA") in urine cause
urothelial cytotoxicity, and

c) Continuous exposure and persistent stress-associated regenerative cell
proliferation leads to genomic instability, acquisition of genetic
alterations, clonal expansion of altered cells and eventually tumors.

The Panel suggested several high priority research needs for this issue.



Charge question B2

EPA concluded that their postulated MOA for DMA" induced bladder
carcinogenesis in the rat would be relevant to humans as there are little or no data to
suggest that key precursor events and ultimately tumor formation would not occur in
exposed humans if sufficient DMA™ were present. EPA asked the SAB to comment on
the relevance of the postulated key events to tumors in humans and how differences in
humans and experimental animals should be accounted for in DMA " risk assessments.

Summary Response

The Panel concluded that:

i)

ii)

iii)

If high enough concentrations of DMA" or DMA™" were present in human
urine or the bladder after exposure to DMA" it is plausible that a similar
response would take place; however, no data are available to support or
reject this assumption.

The suggested greater conversion of DMA" to TMA"O or possibly TMA™
in rats vs. in humans, may contribute to induction of bladder cancer in rats,
however, the extent of the contribution is unknown.

No studies have been conducted to determine whether the DMAY
carcinogenic risk differs by life stage, e.g., among the young, or elderly.

Charge Question B3

EPA concluded that iAs causes human cancer most likely by many different
modes of action. This is based on the observed findings that iAs undergoes successive
methylation steps in humans and results in the production of a number of intermediate
metabolic products and that each has its own toxicity. EPA asked the SAB to comment
on the soundness of its conclusion.

Summary Response

The Panel concluded that:

i)

Multiple modes of action may operate in carcinogenesis induced by iAs
because there is simultaneous exposure to multiple metabolic products as
well as multiple target organs and the composition of metabolites can
differ in different organs.

Each arsenic metabolite has its own cytotoxic and genotoxic capability.
Inorganic arsenic (iAs") and its metabolites are not direct genotoxicants
because these compounds do not directly react with DNA. However,
iAS" and some of its metabolites can exhibit indirect genotoxicity, induce
aneuploidy, cause changes in DNA methylation, and alter signaling and
hormone action. In addition, iAs can act as a transplacental carcinogen
and a cocarcinogen.



Studies of indirect genotoxicity strongly suggest the possibility of a
threshold for arsenic carcinogenicity. However, the studies discussed
herein do not show where such a threshold might be, nor do they show the
shape of the dose-response curve at these low levels. In addition, a
threshold has not been confirmed by epidemiological studies. This issue is
an extremely important area for research attention, and it is an issue that
should be evaluated in EPA’s continuing risk assessment for iAs.

Arsenic essentiality and the possibility of hormetic effects are in need of
additional research to determine how they would influence the
determination of a threshold for specific arsenic-associated health
endpoints.

1.3. Selection of Data for Dose-Response Assessment

Charge Question C1

In the absence of human data, EPA proposed to use the bladder tumor data from
the DMA" rat bioassay for quantifying potential human cancer risk to DMA". EPA
asked the SAB to comment on the appropriateness of this approach. The SAB was also
asked to comment on whether the iAs epidemiology data can be used to inform the

DMA" dose-response assessment which is now based on data derived from studies in rats
dosed with DMA".

Summary Response

The Panel agreed that:

i

iii)
v)

Given the lack of human data, the bladder tumor data from DMA" rat
bioassays, are the most suitable data set for quantifying potential human
cancer risk from DMA". The Panel stated that the available data suggest
that the uncertainty associated with extrapolation across forms of arsenic
in the DMA" risk assessment would be greater than interspecies
extrapolation.

The Panel strongly suggested that EPA’s DMA" assessment discuss the
key uncertainties in using data from studies in rats to conduct human
health risk assessments. Panel responses to charge questions Al and C1
discuss issues that members considered important to discuss in EPA’s
Science Issue Paper. These issues relate to the pharmacokinetic and
pharmacodynamic similarities and differences between rats and humans in
response to arsenic exposure, the use of rodent bladder tumor models in
general, and issues in the use of rodent data for human risk assessment.
The Panel considers research on these issues to be a high priority.

The Panel concluded that without more detailed information on target
tissue dosimetry for arsenic species, the iAs epidemiology data would be
of limited use to inform the DMA" dose-response assessment derived



from rat data with DMAY. Additional details are contained in the Panel’s
response to charge question C1.

Charge Question C2

EPA reviewed the available epidemiologic studies including those published since
the NRC 2001 review for U.S. populations exposed to inorganic arsenic via drinking
water. EPA concluded that the Taiwanese dataset remains the most appropriate choice
for estimating cancer risk in humans. The SAB was asked to comment on the soundness
of this conclusion and also on whether these data provide adequate characterization of the
impact of childhood exposure to iAs.

Summary Response

The Panel concluded that:

)

iii)

Because of various factors (e.g., size and statistical stability of the
Taiwanese database relative to other studies, the reliability of the
population and mortality counts, the stability of residential patterns, and
the inclusion of long-term exposures), this database remains, at this time,
the most appropriate choice for estimating bladder cancer risk among
humans, though the data have considerable limitations that should be
described qualitatively or quantitatively to help inform risk managers
about the strength of the conclusions.

There are other epidemiologic databases from studies of populations also
exposed at high levels of arsenic, and the Panel recommends that these be
used to compare the unit risks at the higher exposure levels that have
emerged from the Taiwan data.

The Panel also suggests that published epidemiology studies of US and
other populations chronically exposed from 0.5 to 160 pg/L inorganic
arsenic in drinking water be critically evaluated, using a uniform set of
criteria and that the results from these evaluations be transparently
documented in EPA’s assessment documents. If, after this evaluation, one
or more of these studies are shown to be of potential utility, the low-level
studies and Taiwan data may be compared for concordance. Comparative
analyses could lead to further insights into the possible influence of these
differences on population responses to arsenic in drinking water.
Regarding childhood exposure to iAs, it was the Panel’s view that, based
on available data, it is not clear whether children differ from adults with
regard to their sensitivity to the carcinogenic effects of arsenic in drinking
water. However, the possibility of a different response in degree or kind
should not be ignored and needs to be investigated.



1.4 Approaches to Low-Dose Extrapolation for iAs and DMAY
Charge Question D1

EPA’s Guidelines for Carcinogen Risk Assessment underscore the importance of
understanding the MOA as the basis for making judgments on how to best extrapolate
cancer risk at lower exposures. EPA concluded that available data on DMA" are not
sufficient to support development of biologically-based models and therefore opted to use
a default nonlinear low-dose extrapolation method. The SAB was asked to comment on
the Agency’s scientific rationale in support of this approach and how uncertainty should
be incorporated into low-dose extrapolation.

Summary Response
The Panel concluded that:

1) Though there are adequate data to support the proposed EPA MOA,
neither the MOA postulated by the Panel, nor those postulated by EPA’s
ORD or OPP contain key events expected to be a linear function of dose
of DMA".

i1) Several processes important to some postulated key events would have
non-linear components or are non-linear (e.g., saturable metabolic
processes, cytotoxicity, formation of heritable alterations in DNA by ROS,
cell proliferation, repair of ROS-induced DNA damage).

111) The linear approach would be consistent with evidence for direct
genotoxicity of DMA™Y; however, it is generally accepted that DMA" is
not directly genotoxic and neither DMA" nor DMA" react directly with
DNA.

iv) There are insufficient data to invoke ROS-induced DNA damage as a key
event in the carcinogenic process associated with exposures to DMA" or

DMA

V) The nonlinear approach is more consistent with available DMA" data and
current concepts of chemical carcinogenesis.

vi) Uncertainty is best incorporated through the use of uncertainty factors that

capture pharmacokinetic and pharmacodynamic differences across species
and differences associated with sensitive populations.

vii)  There are not sufficient data on comparative dosimetry in rats and humans
to make any conclusive statements about species differences in
pharmacokinetics, though available data on uroepithelial cell cytotoxicity
might allow EPA to assemble a case for pharmacodynamic equivalency.
There is presently no arsenic-specific information that can inform the
choice of uncertainty factors for sensitive human populations. Thus, at
least for now, such choices must be based on more general considerations
including EPA’s science policy judgment of the degree of precaution that
it deems appropriate.



Charge Question D2

EPA determined that the most prudent approach for modeling cancer risk from
1As is to use a linear model because of the remaining uncertainties regarding the ultimate
carcinogenic metabolites and whether mixtures of toxic metabolites interact at the site(s)
of action. EPA asked the SAB if it concurred with the selection of a linear model
following the recommendations of the NRC (2001) to estimate cancer risk in light of the
multiple modes of carcinogenic action for iAs.

Summary Response

The Panel concluded that:

Inorganic arsenic has the potential for a highly complex mode of action.
Until more is learned about the complex PK and PD properties of iAs and
its metabolites there is not sufficient justification for the choice of a
specific nonlinear form of the dose-response relationship.

The NRC (2001) recommendation to base risk assessments on a linear
dose response model that includes the Southwestern Taiwan population as
a comparison group seems the most appropriate approach.

The Panel also recommends that EPA perform a sensitivity analysis of the
Taiwanese data with different exposure metrics, with the subgroup of
villages with more than one well measurement, and using a multiplicative
model that includes a quadratic term for dose.

Charge Question D3

EPA employed the Microsoft Excel software that was previously used by the
NRC (2001) to project estimated cancer risks from iAs exposure. The SAB was asked to
comment on the precision and accuracy of this program.

Summary Response:

The Panel concluded:

i)

ii)

iii)

That the EPA program conformed to the NRC (2001) recommendation for
modeling cancer hazard as a function of age and the average daily dose of
exposure to arsenic through drinking water sources.

The panel did, however, identify and report to the EPA on two potential
discrepancies in the data inputs and one computational error in the portion
of the program that employs the BEIR-IV formula to evaluate excess
lifetime cancer risk from arsenic exposure.

The panel made several suggestions for improvements in the model’s
programming and documentation conventions as well as recommendations
for specific sensitivity analyses designed to test the robustness of the



model to alternative formulations of the hazard function and aggregate
population data inputs.

Charge Question D4

In calculating estimated cancer risk to the US general population from drinking
water exposure to 1As, the EPA utilized epidemiologic data from Taiwan. EPA followed
the NRC (2001) recommendations to account for the differences in the drinking water
consumption rates for the Taiwanese population and U.S. populations. On the basis of
more recent data (noted in USEPA, 2005b), EPA utilized water intake adjustments for 2
to 3.5 liters/day. EPA asked the SAB to recommend a drinking water value.

Summary Response

The Panel agreed that water consumption (via drinking as water, in beverages, or
in cooking water) assumptions have a substantial impact on the assessment of arsenic’s
risk. However, the Panel did not recommend specific values for EPA to use in evaluating
dose-response in the Taiwanese study nor for levels of exposure in the U.S. population
risk estimates. It did recommend that uncertainty in this parameter be evaluated for both
the Taiwanese study population and the U.S. populations at risk. The Panel
recommended that EPA should:

1) Evaluate the impact of drinking water consumption rates associated with
more highly exposed population groups with differing exposures and
susceptibilities (e.g., children, pregnant women).

i1) Incorporate variability parameters for individual water consumption into
their analysis for dose-response in the Taiwanese population as they have
done for the U.S. population.

1i1) Conduct sensitivity analyses of the impact of using a range of
consumption values for the Taiwanese population.

v) Provide a better justification for assuming different consumption levels by
gender or in the absence of such a justification, conduct additional
sensitivity analyses to examine the impact of equalizing the gender-
specific consumption level.

V) More fully articulate and document how different sources of water intake,
as well as variability, are incorporated into the risk model (e.g. data for
intake from beverages and cooking water).

Charge Question D5

As recommended by the NRC (2001) EPA considered the background dietary
intake of iAs and incorporated adjustment values of 0, 10, 30, and 50 pg per day into the
cancer modeling based on available new data. The SAB was asked to recommend a
value for the background dietary intake of iAs for both the control population and study
population of Southwestern Taiwan.
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Summary Response

The Panel agreed that arsenic levels in food are important considerations for
EPA’s assessment of lung and bladder cancer risk associated with exposures to arsenic in
drinking water. However, the Panel did not recommend a specific value for EPA to use
in its base risk assessment. It did recommend a range of values for consideration by EPA
in its sensitivity analysis and the Panel offered suggestions to EPA for additional
analytical steps to clarify the impact of food levels of arsenic on dose-response and

exposure as it revises its risk estimates. These Panel recommendations include that EPA
should:

1) Conduct sensitivity analyses using a range of total arsenic food intake
values from at least 50 to 100 pg per day to perhaps as high as 200 ug per
day to assess the impact of this range of dietary intakes on risk of lung and
bladder cancer from exposure via drinking water in the Taiwan cohort.

i1) Not assume that the control population has an intake value of zero arsenic
from food.
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