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Dear Governor Whitman:

On July 19 and 20, 2001 the Arsenic Rule Benefits Review Pand (ARBRP) of the US
EPA Science Advisory Board (SAB) met to review the EPA report Arsenic in Drinking Water
Rule Economic Analysis (EPA 815-R-00-026). As part of the review process, the Panel
responded to five charge questions:

Charge Quedtion 1: How should latency be addressed in the benefits estimates when
exigting literature does not provide specific quantitative estimates of latency periods
associated with exposure to arsenic in drinking weater?

Charge Question 2: How should health endpoints (other than bladder and lung cancer) be

addressed in the analys's, when [existing] literature does not provide specific
quantification, to ensure appropriate consderation by decision makers and the public?

Charge Quedtion 3: Should reduction/elimination of exposure be evauated as a separate
benefits category, in addition to or in conjunction with mortaity and morbidity
reduction?

Charge Question 4: How should tota benefits and costs and incrementd benefits and
costs be addressed in andyzing regulatory dternatives to ensure appropriate
consderation by decison makers and the public?

Charge Quedtion 5: How should uncertainties be addressed in the andyss to ensure
appropriate condderation by decison makers and the public?

Detailed answers to these questions are found in the body of the report. The mgor
findings and recommendations are:



1. Charge Question 1

In evaluating the health benefits of areduction in exposure to a carcinogen, what matters
isthe cessation-lag between areduction in exposure and areduction in risk. While *latency’ is
the term used in the charge, in fact, ‘ cessation-lag’ is the more gppropriate term, and the two are
not necessarily equivaent. In other words, time between initiation of exposure and the increase
in risk (latency) does not necessarily equa time between cessation of exposure and the reduction
inrisk.

Thelength of the cessation-lag determines the number of cancer cases avoided each year
after apolicy isimplemented. If, for example, people previoudy exposed to 50 pg/L of arsenic
in drinking water are exposed, beginning in 2006, to only 10 pg/L, cancer risks in the population
will eventudly declineto a steady-date level associated with alifetime of exposureto 10 pg/L.
How fast this reduction in risk occurs depends on the cessation-lag following reduction in
exposure. If the cessation-lag is zero, this steady-state level will be reached immediately.

We believe that the current arsenic benefits andysisis flawed for two reasons. (a) the
primary analyss consders only the case of azero cessation-lag; (b) when the andlysis consders
dternate ‘latency periods it incorrectly assumes no reduction in cancer cases until the end of the
latency period. The correct approach isto clearly identify the assumption of a zero cessation-lag
as an upper bound to benefits and to consider dternate, plausible cessation-lags in the primary
benefits andysis. In the report, we suggest ways in which the length of the cessation-lag could
be estimated. To each assumption there corresponds a time path of cancer cases avoided that
gradualy approaches the steady-state number of cancer cases avoided.

2. Charge Question 2

The scientific literature on hedlth effects due to arsenic exposure includes sudies of a
number of endpoints other than cancer, as well as studies of severa cancer sites for which the
riskgbenefits have not been quantified (USEPA 2000). The quality of these studies varies, as doesthe
srength of evidence they provide. Specificdly, it appearsto usthat it should be
possible to quantify mortdity from ischemic heart disease, diabetes mdlitus, hypertenson and
skin cancer, and that the evidence is reasonably strong relating arsenic to these endpoints.
Although the strength of evidence islower, the Panel recommends serious consideration be
given to quantification of benefits from reductions in prostate cancer, nephritis and nephrosis,
hypertensive heart disease and non-malignant respiratory disease. The literature that would
permit quantification of cases avoided for these endpointsis discussed in Section 2.2.2 of the

report.

Ideally, quantification would take the form of a dose response function that would permit
the Agency to estimate the number of cases of mortaity and morbidity avoided by the
regulation. If, however, the shape of the dose-response function cannot reliably be estimated at
doses relevant to the regulation considered, it would be useful to compare benchmark doses for
the non-quantified endpoaints (e.g., the EDO1) with benchmark doses for the quantified
endpoints.! Thiswill indicate whether non-quantified effects are, in fact, seen a Smilar
exposures in the study populations as the bladder and lung cancer outcomes.

! The EDOL is that dose which produces a response in 1% of the population. It isequivaent to a
1in 100 risk.



In addition to these comparisons, the type of information that should be provided in a
benefit-cost analysis about endpoints that have not been quantified is described in tables, such as
those presented in Appendix 2.2 of thisreport. Studies must first be selected according to well-
defined criteria. The information that should be provided for each study (grouped by hedlth
endpoint of interest) includes:

a) Nature of the study design

b) How exposure was measured

¢) Range of exposures observed

d) What type of satistica analysis was conducted and what confounding factors
were controlled for in the andyss

€) Measure of associaion (e.g., oddsratio) and level of Satistical significance of
the association

In some cases the literature may be so extensive that a summary of resultsis required in
the text of the report. Asmuch as possible, this summary should focus on clinical measures that
are clear indications of morbidity and that affect individuas well-being and activities so asto
make it possible to link these endpoaints to the available data on individuas va uations of
improvementsin hedth. It should aso provide some discussion of the mechanism by which the
toxin would be expected to exert an effect. The summary should dso indicate the level a which
effects were observed in the studies reported (including benchmark doses where possible) and
should comment on the likelihood of observing these effects at the levels rlevant to the
regulatory decision.

3. Charge Question 3

Regarding Charge Question 3, we believe that reductions in exposure in this case should
not be considered a separate category of benefitsin a benefit cost anadlysis. The damage function
gpproach to vauing benefits currently used by the Agency separates the measurement of the
relationship between exposure and response (e.g., risk of fatal or non-fatal cancer) from the
vauation of reductionsin risk of death or illness. Epidemiologists estimate dose-response
functions and economists measure the vaue people place on reductionsiin risk of degth or illness
associated with them. To add a separate va ue for reductions in exposure to arsenic per se would
double count the hedth benefits estimated using the damage function approach.

We do recognize that some people may vaue the existence of lower levels of arsenicin
drinking water, possibly for psychologica reasons (e.g., dread of being exposed), and we bdieve
that existence values are alegitimate category of benefits. Existence values are not
accommodated within a damage function gpproach to benefit quantification. Reliable estimates
of these values would need to identify the margind benefit to individuas associated with a
change in concentration, separate from the change in health risks associated with the change in
exposure. We found no empirica evidence to support or contradict such ardationship in the
case of arsenic. In the absence of any empirica data, there is no basis for estimating an
exigence vaue in this case,

4. Charge Question 4

We gpplaud the Agency for presenting the costs and benefits associated with various
possible maximum contaminant levels rather than presenting only the costs and benefits
associated with a single standard that the Agency proposes to implement. We believe, however,
that in the primary andysis (and in the Executive Summary) benefits and costs should be
caculated on awater supply system basis, with the results summarized in aformeat that bresks
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them down by system sze. Because of the large economies of scale associated with drinking
water treatment, the net benefits (benefits minus cogts) are likely to vary substantidly by system
sze, and this information should be made clear to policy makers and the public.

Such an anadyss would dlow decison makersto evauate arange of dternative
drategies rather than a one-size-fits-al approach. The high cost of arsenic control is driven by
thetall of adidribution involving anumber of smdl sysems. The andyss needs to make this
clear s0 that decison makers can consider thisfact in formulating an appropriate response. For
example, other policy measures that could be considered include efforts to promote the
consolidation of very smal systems, or the provision of bottled water by very smal sysemsto
meet their customers’ needs for potable water.

We ds0 bdieve that benefits (and incrementa benefits associated with different
maximum contaminant levels) should be presented in terms of cases of morbidity and mortaity
avoided as wdll asin monetary terms, and that the age distribution of cases avoided should be
presented whenever possible. The description of cases avoided alows readers to consider
dternaives to monetization of benefits. Information about the age distribution of health benefits
isimportant in evauating the incidence of regulations, and benefit-cost andyses should make
thistask as easy as possble.

5. Charge Question 5

Benefit-cost analyses of drinking water regulations are likely to entail uncertaintiesin the
(8 measurement of exposure, (b) measurement of dose-response, (€) vauation of health
outcomes and (d) measurement of costs. The sources of these uncertainties include
measurement error (uncertainty about the average level of arsenic in tap water or of the amount
of tap water consumed) aswell as uncertainty about which mode to use in describing the
relationship between exposure and response at low doses. In generd, there are two approaches
to handling these sources of uncertainty—sengtivity analysis and Monte Carlo smulation. Ina
sengitivity analysis various assumptions are made about the correct model (e.g., dose response
function) or parameter (e.g., discount rate) to use in the andysis and results are presented for
each st of assumptions. In aMonte Carlo andysis adigtribution is assumed for akey parameter
or st of parameters (e.g., the dope of the dose-response function) and several thousand draws
are made from this digtribution. Benefits are caculated for each vaue of the parameter drawn.
Thisyidds a probability distribution of benefits, whose parameters (e.g., the 10" and 90"
percentiles) can be reported.

We bdieve that, in the case of modd uncertainty, it is gppropriate to rely on sengtivity
andyds, however, the assumptions underlying each sengtivity analysis should be clearly spelled
out when presenting results. It is particularly ingppropriate to present only the highest and
lowest numbers associated with a set of sengtivity andyses, which may give the reader the fdse
impression that these congtitute the upper and lower bounds of a uniform digtribution. For
parameters for which it is possible to specify a distribution, Monte Carlo andysisis desirable
(for example, in the case of the dope of the dose-response function).

6. General Commentson the Benefit-Cost Analysisfor Arsenic

The document Arsenic in Drinking Water Rule: Economic Analysis makes a serious
attempt at analyzing the benefits and codts of aternate MCLs for arsenic in drinking water.
Many aspects of the andys's deserve commendation. These include calculating benefits and
cogtsfor different possble MCL s, presenting some breakdown of benefits and costs by system
Sze, and presenting cost-effectiveness information (cost per cancer case avoided) that would
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enable the drinking water standard for arsenic to be compared to other public hedlth programs.

We do, however, have certain criticisms of the computation of the benefits, the
computation of the cogts, and with the presentation of the results, especialy asthey gppear in the

Executive Summary.

a) Computation of Benefits

N

@)

3

(4)

Q)

(6)

()

In calculating cancer cases avoided, the primary (centrd case) andysis
assumes no cessation-lag between reduction in exposure to arsenic and
reduction in cancer risk. Thisassumption yields an upper bound to the
number of cancer cases avoided by any MCL. It should be noted that this
assumption produces an upper bound to benefits. Furthermore, dternate
assumptions regarding the length of the cessation-lag should be included

in the primary analysis and reported in the Executive Summary.

Estimates of cancer cases avoided should be broken down by age. The
underlying dose-response function (Moraes et a. 2000) predicts
reductionsin risk by age group; hence cancer cases avoided can be broken
down by age group. It isimportant for policy makers and the public to
know how many beneficiaries of aregulation are seven years old and how
many are 70.

We bdievetha it is possible to quantify more hedlth endpoints than lung
and bladder cancers. Specificaly, it gppears to us that the data permit
quantification of mortdity from ischemic heart disease, didbetes mdlitus,
hypertension and skin cancer, for which substantia evidence supports an
asociation, aswell as for progtate cancer, nephritis and nephross,
hypertensive heart disease and non-malignant respiratory disease, for
which some evidence points to an association with arsenic exposure.
However, this recommendation should be considered in light of the more
definitive analysis by the NAS Arsenic Subcommittee.,

The benefit andyd's should present detailed information on non-quantified
hedlth effectsin the manner suggested in this report (see Section 2.2 and
Appendix 2.2), rather than smply listing possible hedth effects.

Estimates of avoided non-fatal cancers and other non-fatal diseases should
be computed in the same fashion as estimates of avoided fatd cancers.
The length of the cessation-lag should aso be treated in apardld fashion.

To vaue non-fatal bladder cancers, the Agency used avaue for chronic
bronchitis provided by Viscug, et d. (1991). Thisstudy isbased ona
amall sample and vaues a different kind of hedth endpoint. Thereisone
study (Magat et a. 1996) that vaues a different form of non-fata cancer
(non-fata lymphoma), but it is aso based on ardatively smal and
probably not representative sample. We recommend that the value used in
the report and the dternative we have identified be used as boundsin an
uncertainty andyss.

We believe that the central estimate of $6.1 million for the value of a
gatigticd life (VL) is appropriate. On the question of whether to add a
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vaue for cancer morbidity before death, we do not believe that thereisan
adequate basisin the literature for doing this. But we can endorse adding
estimates of the medica cogts of trestment and amdioration for fata
cancersto the VSL asalower bound on the true value of avoiding fatal

cancers.

b) Computation of Costs

N

2

3

Costs should be computed using data for the systems affected by the
proposed arsenic standard(s) rather than national cost data.

The costs of complying with the proposed MCLs may be overgtated to the
extent that (a) removal of arsenic may aso remove other toxic substances,

(b) possihilities for combining ground and surface water to meet the MCL
have been overlooked.

The capital codts of drinking water trestment should be amortized using
the interest rate that each water system must pay to borrow money, not a
the rate of 7% (or 3%) used in the current andysis.

c) Presentation of Results

@

@)

3

(4)

The Executive Summary should clearly state the Size of the population
affected by each MCL consdered in the andlyss, as well as the number of
systems affected.

The Executive Summary should present benefits in terms of cases of
mortality and morbidity avoided, aswel asin monetary terms, including
the age distribution of avoided cancers (and other health endpoints, if

possible).

The primary case andyss should include senstivity to the length of the
cessation-lag, and this should be reported in the Executive Summary.

Benefits and costs should be broken down and compared by system size,

We recommend that the Agency modify its analyss to take account of the issues we have
raised regarding the computation of benefits and costs associated with the arsenic standard.

This report was reviewed and approved by the SAB Executive Committee in a public
meeting held on August 27, 2001. We appreciate the opportunity to review and provide advice
on this important report. The EPA Science Advisory Board would be pleased to expand on any
of the findings described in our report, and we look forward to your response.

Sincerdly,
IS/ IS/
Dr. William H. Glaze, Chair Dr. Maureen Cropper, Chair
EPA Science Advisory Board Arsenic Rule Benefits Review Pand

EPA Science Advisory Board



NOTICE

This report has been written as part of the activities of the EPA Science Advisory Board,
apublic advisory group providing extramura scientific information and advice to the
Adminigrator and other officias of the Environmenta 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 approva by the Agency and, hence, the
contents of this report do not necessarily represent the views and palicies of the Environmental
Protection Agency, nor of other agenciesin the Executive Branch of the Federa government, nor
does mention of trade names or commercia products congtitute a recommendation for use.

Digtribution and Availability: This EPA Science Advisory Board report is provided to the EPA
Adminigtrator, senior Agency management, gppropriate program staff, interested members of the
public, and is posted on the SAB website (www.epa.gov/sab). Information onits availability is
aso provided in the SAB’s monthly newdetter (Happenings at the Science Advisory Board).
Additiona copies and further information are available from the SAB Staff [US EPA Science
Advisory Board (1400A), 1200 Pennsylvania Avenue, NW, Washington, DC 20460-0001; 202-
564-4546].
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1. INTRODUCTION
1.1 Background

According to information provided by EPA (letter from Diane Regas, June 9, 2001),
studies have linked long-term exposure to arsenic in drinking water to cancer of the bladder,
lungs, skin, kidney, nasa passages, liver, and prostate. Non-cancer effects of ingesting arsenic
include cardiovascular, pulmonary, immunologica, neurologica, and endocrine (e.g., digbetes).
The current sandard of 50 pg/L was set by EPA in 1975, based on a Public Hedlth Service
gtandard origindly established in 1942. A March 1999 report by the Nationa Academy of
Sciences concluded that the current standard does not achieve EPA's god of protecting public
hedlth and should be lowered as soon as possible.

The Safe Drinking Water Act (SDWA) requires EPA to revise the existing 50
microgram per liter (ug/L) arsenic sandard. In response to this mandate, the Agency published
adandard of 10 pg/L to protect consumers againgt the effects of long-term, chronic exposure to
arsenic in drinking water on January 22, 2001. Theruleisggnificant in that it is the second
drinking water regulation for which EPA has used the discretionary authority under 81412(b)(6)
of the SDWA to sat the Maximum Contaminant Level (MCL) higher than the technicaly
feasble levd, which is 3 pg/L for arsenic -- based on a determination that the costs would not
justify the benefits at thislevel. The January 22, 2001 arsenic rule is based on the concluson
that a 10 pg/L MCL maximizes hedth risk reduction a a cost judtified by the benefits.

Key stakeholder concerns about the benefits component of the economic analysisinclude
the following issues: (9) the timing of heath benefits accrud; (b) the use of the VVdue of
Statidticd Life as ameasure of hedth benefits; (C) the use of dternative methodologies for
benefits estimation; (d) how the Agency congdered non-quantifiable benefitsin its regulatory
decison-making process, (€) the analyss of incrementa costs and benefits; and (f) the Agency’s
assumption that hedth risk reduction benefits will begin to accrue at the same time costs begin to
accrue.

The January 22, 2001 rule will apply to al 54,000 community water systems and requires
compliance by 2006. A community water system is a system that serves 15 locations or 25
residents year-round, and includes most cities and towns, gpartments, and mobile home parks
with their own water supplies. EPA estimates that roughly five percent, or 3000, of community
water sysems, serving 11 million people, will have to take corrective action to lower the current
levels of arsenic in their drinking water. The new standard will aso apply to 20,000 “non-
community” water systemsthat serve at least 25 of the same people more than six months of the
year, such as schoals, churches, nursang homes, and factories. EPA estimates that five percent,
or 1,100, of these water systems, serving approximately 2 million people, will need to take
messures to comply with the January 22, 2001 rule. Of dl of the affected systems, 97 percent
are smdl systems that serve fewer than 10,000 people each.

1.2 Chargeto the Pane

The Science Advisory Board (SAB) was asked to conduct areview of the benefits
andysis prepared by EPA in support of the arsenic drinking water standard which is contained in
its regulatory support document Arsenic in Drinking Water Rule Economic Analysis (USEPA
2000). The Agency asked that the Pandl evaluate whether the components, methodology, criteria
and estimates reflected in EPA’s andysis are reasonable and appropriate in light of (1) the
Science Advisory Board's (SAB) benefits transfer report (SAB 2000; Report on EPA’s White
Paper, Valuing the Benefits of Fatal Cancer Risk Reduction), (2) EPA Guidelines for Preparing
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Economic Analyses (USEPA 2000a), (3) relevant requirements of SDWA, (4) the Report of the
Benefits Working Group of the National Drinking Water Advisory Council (NDWAC
unpublished, October 1998), and (5) recent literature. Specificaly, the Agency asked that the
Pand consder the following issues:

Charge Question 1. How should latency be addressed in the benefits estimates when
exidting literature does not provide specific quantitative estimates of latency periods
associated with exposure to arsenic in drinking water?

Charge Question 2: How should health endpoints (other than bladder and lung cancer)
be addressed in the analysis, when [existing] literature does not provide specific
quantification, to ensure appropriate consderation by decision makers and the public?

Charge Question 3: Should reduction/elimination of exposure be evauated asa
separate benefits category, in addition to or in conjunction with mortality and morbidity
reduction?

Charge Question 4. How should total benefits and costs and incrementa benefits and
costs be addressed in andyzing regulatory aternatives to ensure appropriate
consderation by decision makers and the public?

Charge Question 5: How should uncertainties be addressed in the analysis to ensure
gppropriate consderation by decision makers and the public?

Responses to these questions, and to other issues the Committee wishes to address, are provided
to the Agency below.



2. RESPONSE TO THE CHARGE QUESTIONS
2.1 The Impact of the Timing of Exposure on Avoided Cancers

Charge Question 1. How should latency be addressed in the benefits estimates when
exigting literature does not provide specific quantitative estimates of latency periods
associated with exposure to arsenic in drinking weater?

2.1.1. Introduction

A centrd component in andyzing the benefits of reduced exposure to a carcinogen isthe
prediction of the annua reduction in cancer cases following reduction in exposure. If a
population previoudy exposed to 50 pug/L of arsenic in drinking water is exposed, beginning in
2006, to only 10 pg/L, cancer risks in the population will eventualy declineto a steady-date
level associated with alifetime of exposureto 10 pg/L. How fast this reduction in risk occurs
depends on the cessation-lag following reduction in exposure. We believe that thisis more
gopropriately termed a* cessation-lag,” rather than “latency.” Thisdidinctionis clarified below.

In order to explain what should be done when the length of this cessation-lag is unknown,
we must describe how the timing of the relationship between exposure and response (deeth due
to cancer) should be treated in a benefits analyss. We emphasize that we believe that thisis how
such an andysisis conducted; it does not refer to the approach taken in the arsenic benefits
andyds. Asin the case of arsenic, we andlyze apolicy that would reduce exposure from a
current level of d° (e.g., 50 pg/L) to i (e.g., 10 pg/L). We assume that this policy would
continue into the indefinite future.

For abenefits andyss we would like to:

a) Cdculate the expected number of cancer fataities avoided each year, as aresult
of the palicy, beginning with the year in which the policy isimplemented and
continuing into the future.

If benefits are to be monetized in accordance with conventiona economic practice:

b) The expected number of cancer fatdities avoided each year should be multiplied
by the vdlue of agatigticd lifein thet year. Thiswill give the dollar vaue of
benefits each year, beginning with the year in which the policy in implemented.
The dollar vaue of benefitsin each year should be discounted to the year in
which the policy isimplemented and summed. The present discounted value of
benefits, so calculated, should be co(r)n(jaa'ed with the present discounted vaue of
costs, caculated over the same period.

The timing of the relationship between exposure and cancer mortdity isimplicit inthe
cdculationsin (a). Asdescribed more fully below, if the lag between reduction in exposure and
reduction in risk of death islong, there will be fewer cancer fatdities avoided in years
immediatdly following the palicy than if the lag were shorter. Uncertaintiesin the timing of the
exposure-response relationship will be reflected in uncertainties in the number of cancer
fatdities reduced each year after the policy isimplemented. These uncertainties should be
treated as described in the answer to Charge Question 5.



2.1.2 Calculation of Reduced Cancer Fatalities Associated with Reduced Exposureto
a Carcinogen

The approach taken hereisto relate the age-adjusted risk of death due to cancer to the
history of exposure to the carcinogen.  This rdaionship, together with information on the age
digtribution of the population affected by the policy, can be used to ca culate the expected
number of cancer fatdities avoided by the policy.

The epidemiology underlying the arsenic benefits analyss (Mordes et d. 2000) assumes
that the conditiond probability of dying from cancer a aget, h(t) is related to cumulative
exposure to a carcinogen as of aget, %, by aproportional hazard modd:

(D) h(tx) = h(H)gx)

where hy(t) = basdine risk of dying from cancer at aget (assuming surviva to age t) and g(x)
represents the impact of exposure incurred up to aget on risk of death.?

2.1.2.1 The Timing of the Exposur e-Response Relationship

The key question is how cumulative exposure (%) depends on the dose of arsenic
received a ages O through t. Let d = dosereceived a& age i. A generd form that this
relationship could take is®;

(2) X( = ft(dO!dl!"'!dt)

The exact form of this function reflects the answers to the following four questions (Tollerud et
al. 1999):

(8 How long does it take after an exposure until an increasein risk is observed?
(b) How long does the effect of an exposure last after exposure has terminated?
(c) How does the effect of exposure vary by the age at which it was received?
(d) Does the exposure act at an early or late stage in the carcinogenic process?

The relevant questions for the implementation of changes in the drinking water sandard
for arsenic are questions (b)-(d). In contrast, most of the epidemiologic literature addressing the
issue of latency has focused on question (a), which isthe usud definition of latency. The
committee wishes to underscore that data addressing question (&) do not necessarily provide
information answering questions (b)-(d). Unfortunately, much less work has been done to
evauate questions (b)-(d) in the epidemiologic literature in genera, and in the research on
arsenic carcinogenicity in particular.

The NAS report Veterans and Agent Orange: Update 1998 (Tollerud et a. 1999)
addresses the second question, regarding how long effects last after cessation of exposure. With

2 A proportiona hazard model (Pope et al. 1995) is also used to measure the association between
particulate matter and dl-cause mortdity in The Benefits and Costs of the Clean Air Act 1970-
1990 (USEPA 1997) and The Benefits and Costs of the Clean Air Act 1990-2010 (USEPA 1999).
The issue of the length of the cessation-lag after areduction in exposure dso arisesin these

sudies.

3The function f, () could aso be conditioned on other factors such as smoking.
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respect to arsenic in drinking water, the charge of our committee is an expansion of this
question: when does the excess risk (compared to alifetime of exposure to d\ (e.g., 10 pug/L))
begin to attenuate and how long does it take until dl of the excessis diminated? Since theterm
latency has atraditiond usage that is not the charge given to this committee, we have coined the
phrase “ cessation-lag” to clarify and emphasize the difference.

An important point is that the time to benefits from reducing arsenic in drinking water
may not equd the estimated time since first exposure to an adverse effect. A good exampleis
cigarette smoking: the latency between initiation of exposure and an increase in lung cancer risk
is gpproximately 20 years. However, after cessation of exposure, risk for lung cancer begins to
decline rather quickly. A benefits analysis of smoking cessation programs based on the observed
latency would grestly underestimate the actual benefits. We return to the issue of how to
estimate the length of the cessation-lag below.

2.1.2.2 Calculating the Time Path of Cancer Cases Avoided

If the rdlationshipsin (1) and (2) are known, it is, in principle, asmple matter to
compute the expected number of cancer fatdities avoided a age t (and, by anaogy, for al other
ages) in eech year following the policy. Inthefirg year of the palicy it isonly the most recent
dose of the carcinogen (d, for personswho are age t in the year the policy isimplemented) that
is affected by the policy. The expected reduction in risk of deeth due to cancer at aget inthe
firgt year of the policy is:

3 hOO(d’,dh°,....d7) - 9f(d’,d°,....dN))]

where the superscripts © and N refer to doses with and without the policy, respectively. Inthe
second year of the policy, for persons of aget, both d,; and d, are affected by the palicy, and the
formulain (3) would be adjusted accordingly. Eventudly, a steady-state will be reached in

which persons of aget face the same mortdity risk from cancer as people who have been
exposed to the lower leve of the carcinogen (d\) throughout their lifetime.

In each year, the number of fatdities avoided by the policy among persons of aget would
be the expresson smilar to (3) multiplied by the number of persons of aget. Similar
computations would be performed for persons of dl ages. In this manner, it should be possible
to compute the expected number of fatdities avoided, by age (or age-group), in each year
following the implementation of the policy. Because the age distribution of avoided cancer
faditiesis caculated, it should be reported in a benefits analysis even if information on the age
digribution of avoided fatditiesis not used in vauing avoided mortdlity.

2.1.3 Quantifying the Relationship Between Exposure and Mortality Risk

Mogt epidemiologic studiesignore the time pattern of exposure in estimating the
proportiona hazard model in equation (1). For example, Moraes et d. (2000) effectively
assume that

t
4 x=Ed .
i=0



Given sufficient data, the time pattern of exposure and effect can be estimated in the
context of equations (1) and (2).* In order to properly study effects of protracted exposures,
detailed exposure histories for each study subject, including the dates and ages when the
individua was exposed and the level of exposure a dl pointsin time, are needed. Appropriate
datistical methods have been developed for an investigation of the effect of exposure accrued as
afunction of time since that exposure (Thomas 1983; Bredow and Day 1987; Thomas 1988). In
generd, the ability to investigate the issues of timing of exposure in a given data set will depend
on the quality of the exposure measure, the qudity of the timing of expasure informetion, the
number of people developing the disease of interest, and variation of exposure over time within
the study group. These aspects of study quality are, of course, important in evaluating any
epidemiologic investigation. But there are specid problems that arise in the evauation of time-
related factors (Enterline and Henderson 1973; Thomas 1987).

If possible, it would be desirable to use information about the mechanism by which
cancer occurs in estimating the length of the cessation-lag.®> For example, if arsenic primarily
exerts alate-stage effect in the cancer formation process, the cessation-lag will be shorter than if
arsenic primarily exerts an early-stage effect. Appendix 2.1 to this report discusses how the time
pattern of exposure and response could be estimated in the context of the multi-stage model of
cancer formation.

In addition, two published studies have atempted to address either latency or cessation-
lag, or the stage a which arsenic acts in the carcinogenic pathway. Brown and Chu (1983, 1987)
attempted an analysis based on one of the arsenic-exposed occupational cohorts and
demonstrated that two models provided good fit to the data: one with only a late-stage effect and
the other with both an early- and late-stage effect. There was adightly better fit for the model
with only a late-stage effect but the difference in fit was not sufficient to exclude an early-sage
effect. A more recent andysis (Hazelton et d. 2000) examined an occupationd cohort with
exposures to arsenic, radon and tobacco using biologically based models. They eva uated the
time between generation of the firs malignant cell and death from lung cancer. Thiswould
appear to assume an early-stage effect only; nevertheless, it is notable that the best fit was given
for agamma distribution of lags that had amean of 4.1 years and a variance of 2.9 years. Under
this digribution, which is consstent with aminima first stage effect of arsenic, the bulk of the
benefit following cessation would be expected to occur within the firdt five years after exposure
is reduced.

It thus gppears that some information about the length of the cessation-lag isavailablein
the case of arsenic. Additiond information on the length of the cessation-lag could be evaluated
from data on arsenic-exposed populationsin Taiwan and Chile, and we urge that such research
be undertaken. In Taiwan, the water supply was changed in the early 1970's, thereby eiminating
the arsenic exposure. In Antofagasta, Chile, water treatment beginning in 1970 reduced the
arsenic concentration from 800 to 110 pg/L within a short time, and over afew more yearsto 40-

50 pg/L.

If, however, such information were not available (as the charge question assumes), what
could be done? One extreme assumption that would yield an upper bound to the benefits of the
program is to assume that the program immediately attains the steady-date result, i.e,, that the

4L atencies and cessation-lags would be expected to vary by cancer site, would probably be
shorter for cardiovascular disease than for cancer, and may be shortest for reproductive effects.
®> We emphasize that the same model should be used to estimate the time pattern of exposure and
response asis used to estimate the potency of the carcinogen.
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reduction in the age-t mortdity rate is given by:
5)  h®g(de’,dy’,....c%) - 9(fi (AN, dal,..., dN))].
Thisisthe assumption made in the Agency’s primary andyss.

If it should prove infeasible to estimate the cessation-lag and account for it as described
above, it would 4iill be desirable to examine the influence of thislag by performing senstivity
andyses smilar to those carried out for the PM-mortdity relationship in the Agency’s andlyss
of The Benefits and Costs of the Clean Air Act: 1990-2010 (USEPA 1999). In the context of the
multi-stage model described in Appendix 2.1, we would suggest that the testing of extreme cases
of potentid mechanisms (i.e., arsenic’'s effects being exerted entirely a an early sagev. dl a a
late stage) be done as part of the uncertainty andysis.

2.2. Characterization of Non-Quantified Health Endpoints

Charge Question 2: How should health endpoints (other than bladder and lung cancer)
be addressed in the analysi's, when [exigting] literature does not provide specific
quantification, to ensure appropriate consderation by decision makers and the public?

2.2.1 Overview

The scientific literature on hedlth effects due to arsenic exposure includes sudies of a
number of endpoints other than cancer, as well as studies of severa cancer sites for which the
riskgbenefits have not been quantified (USEPA 2000). The quality of these studies varies, as
does the strength of evidence they provide. Nevertheless, this body of evidence is relevant for
the determination of an MCL and needs to be addressed more fully. In some cases, the non-
quantified effects can and should be quantified. In other words, the lack of quantification by
EPA, to date, of these effects should not be construed to mean that they are not quantifiable.

Of the 49 non-quantified non-carcinogenic hedth effects listed in the Benefits Analysis
(USEPA 2000), some would not be relevant at low exposure levels, eg., a or below the current
gandard. These would include gangrene in adults or children, hepatic enlargement, Raynaud's
syndrome and others. The main categories for which there may be concern at lower exposure
levels are: severa cardiovascular and cerebrovascular diseases, endocrine effects (diabetes
mellitus), reproductive health outcomes, and non-maignant respiratory diseases. Some data
have emerged for neurologic or neurodevelopmenta outcomes, but this evidence is currently
somewhat sparse.

Studies addressing the mgjor categories of both non-cancer outcomes and other cancer
sites of concern (besides lung and bladder) at lower exposure levels are listed in the tablesin
Appendix 2.2 (which are not comprehensgive, but rather, representative). These studies
demongtrate a broad array of related endpoints and indicate the range and weight of evidence,
quditatively, as well as the congstency with which these effects are rdated to arsenic exposure.
Such conggtency, particularly when at least some of the studies are of high qudity and have
adjusted for individua-level confounders, strengthens the evidence for causdlity.

Given (@) the condgtency of results, including supportive in vivo anima experiments; (b)
epidemiologic studies with individua level data on exposure, outcomes, and confounders, and
(c) evidence suggesting plausibility of effects at low exposures. the Pand finds that for severa
of these hedth endpoints, the benefits can and should be quantified. Theseinclude, a a
minimum, mortaity from ischemic heart disease, digbetes mdlitus, hypertenson and skin
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cancer. Serious consderation should aso be given to prostate cancer, nephritis and nephross,
hypertensive heart disease, and non-maignant respiratory disease, for which there is some
evidence of an association and data that would permit quantification of effects. The discussion
below briefly assesses the broad groupings of outcomes, highlighting those for which
quantification appears to be eminently feasible®

By ‘quantification’ we mean estimation of a dose-response function that would permit
the Agency to predict the number of cases of cancer and non-cancer effects avoided by the
regulation. When the shape of the dose-response function cannot reliably be estimated at doses
relevant to the regulation, it may be possible to suggest the importance of non-quantified hedlth
effectsin other ways. For example, Appendix 2.2 compares the total non-cancer mortality and
mortality from cancers other than bladder and lung associated with arsenic exposure in Tawan
with excess deaths due to lung and bladder cancer. These dataindicate the total excess cancer
mortality to be about double that of lung and bladder done; the numbers are smilar for males
and for females. The excess from non-cancer endpointsis between 75% and 95% of that from
lung and bladder cancers combined. This caculation gives a very gpproximate example of how
important the other mortality endpoints could be, and indicates that the total excess mortaity
might be as high as three times that from lung and bladder cancer done.

Another approach isto compare the benchmark doses at which effects of arsenic have
been found in other studies (for example, in producing mortality from ischemic heart disease and
diabetes) with the benchmark doses in the studies for lung and bladder cancer. This dlows one
to determine whether non-quantified effects have occurred at smilar doses as cancer endpoints.
Other approaches are possible (Hattis et a. 1999, 2001).

In addition to these comparisons, the type of information that should be provided in a
benefit-cost analysis about endpoints that have not been quantified islisted in the tablesin
Appendix 2.2. For each hedlth endpoint (e.g., cardiovascular morbidity), studies that pass
certain scientific criteria should be listed.” The information that should be provided for each
study includes:

@ Nature of the study design

(b) How exposure was measured

(© Range of exposures observed

(d) What type of atistica andysis was conducted and what confounding factors
were controlled for in the andyss

(e Measure of association (e.g., odds ratio) and level of satistical sgnificance of the
association

In some cases the literature may be so extensive that a summary of resultsis required in
the text of the report. This summary should focus on hedlth endpoints that have meaning to

®Notably, these outcomes are not dl independent. For instance, arsenic is associated with
increased prevaence of hypertenson, and with increased incidence of ischemic heart disease.
Within the studies assessing the latter, hypertenson was astrong risk factor. Thus, hypertension
may be one step dong one or more pathways by which arsenic increases risk for ischemic heart
disease. Nonetheless, hypertenson can itsdf be a cause of deeth, though this occurs much more
rarely than death due to ischemic heart disease.

" For an example of such criteria see Table 5-2 in The Benefits and Costs of the Clean Air Act
1990-2010 (USEPA 1999) which lists the criteria used to sdlect studies that examine the hedth
effects of the criteriaair pollutants.



humans, and should provide some discussion of the mechanism by which the toxin would be
expected to exert an effect. The summary should dso indicate the leve at which effects were
observed in the studies reported and should comment on the likelihood of observing these effects
a the levels rdevant to the regulatory decision.

2.2.2 Quantifiability of Particular Health Endpoints

2.2.2.1 Cardiovascular Disease Endpoints (see Tablesl, I1,and I11 in
Appendix 2.2)

Both human and animd studies provide evidence that arsenic affects the cardiovascular
system, possibly viasevera mechanisms. The human studies have included both occupationa
cohorts for which exposure is primarily by inhdation, and communities for which exposure is
primarily viadrinking water. Both morbidity (Lagerkvist et d. 1986; Chen et d. 1988; Chen et
al. 1995, Tseng et a. 1996, Chiou et a. 1997, Rahman et al. 1999, Hsueh et d. 1998, Tsal et dl.
1999), and mortality (Axelson et a. 1978; Wu et d. 1989; Engel et a. 1994; Chen et d. 1996;
Tsa et d. 1999; Lewis et a. 1999; Hertz-Picciotto et a. 2000) have been addressed in these
investigations. Severa tablesin Appendix 2.2 illugtrate the range of types of studies and
exposure levels at which these effects have been observed.

The Tawanese study by Chen et d. (1996) on mortdity from ischemic heart disease is
particularly interesting, in that awide range of individua-level confounding factors were
adjusted in the analys's, including age, sex, smoking, body massindex, serum cholesteral leve,
serum triglyceride level, blackfoot disease, hypertenson and digbetes. Their adjustment for the
latter two chronic diseases that may themsalves contribute to ischemic heart disease risk could
have attenuated the effects, dthough the relative risks are reduced only modestly by the
inclusion of the confounders other than blackfoot disease. Neverthdess, there is a strong dose-
response relaionship, rising from 2-fold to 5-fold increased risks according to the cumulative
exposure level.

Another sudy from Taiwan, by Tsal et d. (1999), relied on vita datistics, and hence did
not collect the individua-level confounding data included by Chen and colleagues. However,
these authors present analyses for a broader list of causes of mortality, including digbetes,
hypertension, pulmonary heart disease, cerebrovascular disease, liver cirrhoss, and ahost of
other non-cancer and cancer endpoints. The findings on lung and bladder cancer confirm those
of numerous other investigators; results for ischemic heart disease are smilarly consistent with
those of Chen et d. (1996) and others. Additiondly, the study presents information on some
hedlth outcomes not previoudy observed in arsenic-exposed populations.

Whereas most of the studies on cardiovascular endpoints have been conducted in
communities with long and heavy exposures, afew were conducted in a population with more
relevant levels. For ingtance, Lewis et a. (1999) examined records from the Mormon Church
from towns in Utah with concentrations in drinking water of 18-164 ug/L. These authors found
mortality due to hypertensve heart disease to be devated in both males and femdes. Although
individua-level confounder data were not available, the church’s prohibitions on consumption of
acohol and caffeine would tend to minimize this problem; the extremely low rates of respiratory
cancer and non-malignant respiratory disease atest to the low level of samoking in this
population, which may aso explain the low incidence of ischemic heart disease.

In another study relevant for evauating the plausibility of effects at low level exposures,
Gomez-Caminero (2001) examined severd biomarkers of subclinical cardiovascular damage
comparing a population exposed at 45 pg/L in drinking water to one with negligible exposures
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(<2 pg/L). Among pregnant women resding in the exposed community, the levels of von
Willebrand factor were significantly reduced as compared with those in unexposed pregnant
women.? Theimportant point is that these data suggest damage to the endothelium of the arteria
walls a levelsjust under the current standard of 50 pg/L. The vascular endothelium servesasa
barrier between blood plasma and the arterid smooth muscle and regulates the flow of
lipoproteins between these compartments. Arsenic may damage the endothelium directly or
redtrict its repair or regenerative capacity, by inhibiting endothelia cdl hyperplasa. Reduced
von Willebrand factor could play arole in this process.

It isdso notable that, in the padt, clinicd cardiovascular effects normaly only seeniin
adults were observed in children a very high exposure levels. The possibility that subclinical
damage to the cardiovascular system occursin early life, setting the stage for severe and
potentidly fatal events at older ages, should be considered.

The Pand concludes that cardiovascular effects of arsenic could be occurring at current
levelsin drinking water. Despite uncertainty in the shape of the dose-response curve, a
benchmark dose approach would be a reasonable sarting point for incorporating these benefits
into the risk/benefit andysis associated with reduction of the MCL. To place the epidemiologic
findings with regard to ischemic heart disease in context, over 500,000 deaths occurred in the
U.S. in 1999 dueto this cause, or 22% of dl desths. Undoubtedly the overwhelming mgority of
these are not due to arsenic. However, the same can be said for lung and bladder cancer in the
generd population. Given the large background incidence of ischemic heart disease, the
committee believes these effects/benefits should be quantified. A smilar argument would gpply
to the morbidity and mortality from hypertension.

Periphera vascular disease is awedl-established effect of high exposures to arsenic, to
the extent that the presence of one severe form of this condition, blackfoot disease, has been
used as an indicator of exposure. Thereis probably little direct relevance of the extreme
manifestations of this condition for lower exposures. The likelihood of less severe conditions at
low exposures is uncertain.

2.2.2.2 Diseases of the Endocrine System (see Table 1V, Appendix 2.2).

Mogt of the epidemiologic literature demonstrating increased risk of digbetesin
association with arsenic exposure has been published in the last five years (Tsal et d. 1999; La
et a. 1994; Tseng et d. 2000; Rahman et d. 1998). Studies include occupationd and drinking
water sources for exposure, and both mortdity and morbidity studies have found significant
exceses. Generally speaking, because diabetes is not a common cause of death, mortdity
studies would be expected to observe only the tip of the iceberg in terms of increased incidence.
However, even when not fatd, diabetes engenders large medical costs and has a serious, lifelong
impact on the qudity of life

Besides overt clinica disease, subclinicd indicators potentidly relevant to the
development of diabetes have been examined in studies of arsenic-exposed populations.
Specificaly, glucosuria and devated glycosylated hemoglobin have both been found in
association with arsenic exposure (Jensen and Hansen 1998; Rahman et d. 1999; Gomez-
Caminero 2001). These are biologically sgnificant markers of impaired glucose metabolism.
Glycosylated hemoglobin represents an indicator of long-term glycemic control. The Chilean
population examined by Gomez-Caminero (2001), for which exposures were ~45 pg/L, was

8 The von Willebrand factor is a protein that promotes norma clotting of the blood.

10



found to have sgnificantly eevated glycosylated hemoglobin, both when this biomarker was
treated as a continuous measure (% of hemoglobin glycosylated), and when it was dichotomized
(>6.5% vs. <6.5%). Since these women were pregnant, the age range was fairly young and
therefore the mgjority were born after levels were reduced to about 110 pg/L, which occurred
around 1970 (Hopenhayn-Rich et d. 2000). Astherisk of diabetes increases with age, the
findings may indicate that the effects of arsenic on glycemic status could begin early, laying the
bassfor clinica disease that manifests primarily beyond the reproductive years (i.e, Typell
diabetes).

Evidence for the diabetogenicity of arsenic is mounting, plausible mechanisms have been
shown, subclinica markers of adtered glycemic control have been observed, and there appears to
be relevance a low exposures. Diabetes was directly responsible for 68,000 desthsin the U.S. in
1999, representing 2.9% of deaths, more than five times as many as occurred due to bladder
cancer. Quantification of the benefits of reducing the arsenic MCL in terms of diabetes
mortality, aswell asthe multidimensiond costs associated with chronic illness, is gppropriae.

Any effect that arsenic has in increasing the incidence or advancing the onset of Type Il digbetes
will contribute to the risks of many other diseases associated with arsenic exposure (e.g.
hypertension, cardiovascular disease, liver cancer, peripheral vascular disease).

2.2.2.3 Other Cancer Sites(see TableV, Appendix 2.2).

Increased risks for kidney, liver, skin, bone, prostate, larynged, nasal and other sitesare
observed to occur in populations exposed to arsenic through ingestion (Lewis et d. 1999; Smith
etd. 1992; Tsa et d. 1999). A comprehensive accounting of benefits from the reduction in the
arsenic MCL should quantitate at least the strongest of these effects, accounting for uncertainty.
Recent studies on the mechanisms for arsenic carcinogenicity do not suggest that lung and
bladder would be the only sites affected. An excess of prostate cancer was associated with
cumulative arsenic exposures above 1 mg/L year in Utah.

2.2.2.4 Non-malignant Respiratory Diseases (see Table VI, Appendix 2.2).

The increased incidence of bronchitis, emphysema, respiratory symptoms, and chronic
arway obgtruction are surprising for exposures that do not occur viainhaation. At high
exposures, strong dose-response relationships were found for respiratory symptoms (Mazumder
et a. 2000). Plaushility for these effects at low exposuresis uncertain. Shortness of breath was
elevated at 50-199 pg/L in West Bengd (Mazumder et d. 2000), and an ecologic study in the
U.S. found mortality was increased from chronic airways obstruction and emphysema at levels
aslow as 5-10 pg/L, with the highest risk a >20 pg/L (Engdl and Smith 1994). Thislatter
finding suggests the possibility that communities with somewhat higher arsenic concentrationsin
drinking water (e.g., >20 pg/L) may aso include a higher proportion of smokers. Two concerns
are firg, that smoking could be a confounder, and second, that smoking and arsenic could have
gynergidic effects. Since smoking acts synergidticaly with arsenic in producing lung cancer
(Hertz-Picciotto et d. 1992), asmilar interaction for non-maignant respiratory diseasesis
possible. Although smoking is avoluntary risk, smokers do congtitute a susceptible subgroup.

2.2.2.5 Reproductive Effects (see Table VII, Appendix 2.2).

Few reproductive endpoints have been examined in more than one study. Mogt of the
gpontaneous abortion studies were conducted in populations with high exposures; those that were
not did not have individua data on confounders, and hence little confidence can be placed in the
results. The time trend andyses by Hopenhayn-Rich et a. (2000) suggest that tillbirths and
postneonatd mortdity areincreased at high exposures but not at levels between 40 and 70 pg/L;
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the decline in rates in the exposed region after arsenic levels are reduced may be partialy
attributable to other improvementsin water quality and standard of living. In contrast, an effect
on birth weight may be seen at lower levels, based on the studies to date. Transfer of arsenic to
the fetus has been shown; interestingly, blood plasma arsenic was essentidly dl in the form of
DMA, and pregnant women had a higher proportion of their urinary arsenic as DMA than
nonpregnant women (Concha et a. 1998), suggesting more efficient methylation during

pregnancy.

2.2.2.6 Neurologic and Neurodevelopmental Endpoints (see Table VIII,
Appendix 2.2).

There have been studies indicating associations between environmenta exposures and
pathologies, symptoms, and developmenta deficit.

2.2.3 Valuation of Non-Quantified Health Endpoints

The preceding discussion suggests that some hedlth endpoints affected by arsenic
exposure, including skin cancer and ischemic heart disease could be quantified. That is, the
expected reduction in cases could be caculated for each endpoint (possibly by age group) for
each year following the reduction in exposure. I the magnitudes of these effects can be
characterized, vauation should be done in the same way as for bladder and lung cancers. (See
Charge Question 1.)

Two issues, however, arise (a) Do unit vaues exit for dl of the hedth endpoints that
can be quantified? (b) Should vauation be done if effects cannot be quantified?

To answer thefirg question, unit values that measure what individuals would pay to
avoid adverse hedth effects (Willingness-to-Pay estimates) do not exist for al hedth endpoints
mentioned in our answer to Charge Question 2. The Benefits and Costs of the Clean Air Act
1990-2010 (USEPA 1999) contains a recent review of the available datafor at least some of the
relevant endpoints. Where only cost of illness estimates are available, they can be used but
should be clearly described as providing lower bounds on true willingness to pay (Freeman
1993). The EPA Cost of IlIness Handbook is a recent source of cost of illness datafor some
relevant endpoints (USEPA 2001a)

To make economic valuation possible, it isimportant to express and characterize these
other endpoints in terms of effects on peopl€' s activity levels and sense of well-being, as much
aspossble. Thereisafarly extensve body of data on the economic vaues of reducing days
experiencing various symptoms, restricted activity days, hospitdizations, required treatments,
etc. 1t would be difficult to use this body of datato vaue many of the hedth effectslisted in
Exhibit 5-1 (p. 5-4 of the arsenic economic andyss) such as hepatic enlargement, anemia,
leukopenia, peripherd neuropathy, since the dinica sgnificance and impact on individuas
activities of these effects may vary significantly.

To answer the second question raised above, it is not possible to vaue hedlth effects that
have not been quantified.

2.3 Exposure Reduction as a Benefit Category
Charge Question 3: Should reduction/elimination of exposure be evauated asa

separate benefits category, in addition to or in conjunction with mortality and morbidity
reduction?
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Regarding Charge Question 3, the Pandl believesin this case that reductions in exposure
should not be considered a separate category of benefits in a benefit cost analyss. The Agency
has adopted a damage function approach to quantifying the benefits associated with reducing
peopl€ s exposure to arsenic. The damage function framework to estimating benefits separates
the measurement of the relationship between exposure and response (e.g., the risk of fata or
non-fatal cancer) from the valuation of reductionsin the risk of each of these hedlth endpoints.

Under the damage function gpproach, epidemiologists estimate dose-response functions
and economists measure the va ue people place on reductionsin risk of degth or illness.
Reductions in exposure are therefore aready vaued when one vaues the reductions in the risk
of desth or illness associated with those exposures under the damage function approach. Adding
a separate va ue for reductions in exposure to arsenic per se would require that the be associated
with some additiona source of benefits.

We do recognize that some people may vaue the existence of lower levels of arsenicin
drinking water, possibly for psychologica reasons (e.g., dread of being exposed), and we believe
that existence values are alegitimate category of benefits. Existence values are not
accommodated within a damage function gpproach to benefit quantification. Reliable estimates
of these values would need to identify the margind benefit to individuals associated with a
change in concentration, separate from the change in health risks associated with the change in
exposure. We found no empirical evidence to support or contradict such areationship in the
case of arsenic. In the absence of any empirica data, there is no basis for estimating an
exigence vauein this case.

2.4 Comparison of Benefitsand Costs

Charge Question 4. How should total benefits and costs and incrementd benefits and
costs be addressed in andlyzing regulatory aternatives to ensure appropriate
consderation by decision makers and the public?

2.4.1 Comparison of Benefitsand Costs by System Size

One noteworthy feature of the arsenic in drinking water problem is that for the most part,
those who would receive the hedlth benefits from reductions in the concentrations of arsenic in
drinking water will dso bear the codts of achieving them. These cogts will take the form of
higher rates and prices for water supply and/or higher taxes to cover these costs. Thusitis
important to try to determine whether those who receive these benefits would be willing to bear
the costs of reducing arsenic concentrations in their drinking weter. Thisisthe question that
benefit-cost andlysis attempts to answer, because in principle the benefits of a program are
defined as the sum of the affected individuads willingnessto pay for these improvements. If dl
benefits and codts of a regulation are measured accurately, and if the benefits received by the
members of a group are less than the costs paid by the members of the group, thisisa signd that
the members of the group would consider themsdlves to be made worse off by the regulation.
Conversdly, if benefits exceed codts, the policy would make the members of the group better off.

For this reason, we recommend that benefits and costs should be calculated on awater
supply system basis. Specificaly, we recommend that total benefits and costs and margina
benefits and costs be calculated for al the systems that are affected by the standard, and the
system-leve results then be aggregated to the national level. Because of the large economies of
scae associated with drinking water treatment, the net benefits (benefits minus cogts) are likely
to vary subgstantidly by system sze, and this information should be made dlear to policy makers
and the public. Such an analyss would dlow decison makers to evduate arange of dternative
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drategies rather than a one-size-fits-al approach. The high cost of arsenic control is driven by
thetall of adidribution involving anumber of smdl sysems. The andyss needs to make this
clear 0 that decison makers can congder thisfact in formulating an gppropriate policy
response.

When there are too many affected systems to perform a separate cost analysis tailored to
the specific circumstances of every system, some data aggregation may be n
Nevertheless, the existing cost analysis appears to be too generic and too little tailored to the
gpecific circumstances of the particular utilities affected by arsenic regulation (e.g., water supply
systems in the west and southwest that use groundwater). Rather than using national cost
functions, an attempt should be made to employ cost functions tailored to these affected utilities.
Grouping utilitiesinto Sze classes and conducting an andyss by Sze classis acceptableif thisis
done with specific reference to Size classes that are meaningful for the systems affected by the
arsenic regulation and using data specific to these systems. In the exigting andlys's, individua
cost andyses were performed only for water utilities that serve more than a million people
(“very large systems’); we recommend lowering the threshold population size for performing
individua cost analyses, for example to a service population of 250,000 or more.

2.5 Incorporation of Uncertainty into Benefits Measures

Charge Question 5: How should uncertainties be addressed in the analysis to ensure
gppropriate consderation by decision makers and the public?

Doing one's best to understand and communicate uncertainty is abasic obligation of
technicd andyststo their audience. 1dedly, the god should be to enable the audience to make
as informed a choice among risk acceptance/risk control options as if the audience members
themsdlves had been able to go through the process of andysis. Good uncertainty assessments
help decision-makers take gppropriate precautions, where indicated, againgt the possibility that
future improved data will adter the balance of benefits and costs projected from current
information. If gpplied consstently and comparably across different types of informetion (i.e.
costs and benefits of various types) uncertainty analyses also can help planners make judgments
about the rdative productivity of investments in different kinds of information-gathering
activities for future regulatory choices (including, for example, the timing of implementation
measures).

Benefit-cost analyses of drinking water regulations are likely to entail uncertaintiesin the
(&) measurement of exposure, (b) measurement of dose-response, (€) vauation of health
outcomes and (d) measurement of costs. The sources of these uncertainties include
measurement error (uncertainty about the average level of arsenic in tap water or of the amount
of tap water consumed) aswell as uncertainty about which modd to use in describing the
relationship between exposure and response at low doses. In generd, there are two approaches
to handling these sources of uncertainty—sengtivity analysis and Monte Carlo smulation. Ina
sengtivity analysis various assumptions are made about the correct mode (e.g., dose response
function) or parameter (e.g., discount rete) to use in the andysis and results are presented for
each st of assumptions. In aMonte Carlo andysis adigtribution is assumed for akey parameter
or st of parameters (e.g., the Vaue of a Satigtica Life) and severa hundred draws are made
from this didribution. Benefits are calculated for each vaue of the parameters drawn. This
yields a probability distribution of benefits, whose parameters (e.g., the 10" and 90" percentiles)
can be reported.

We bdieve that, in the case of modd uncertainty, it is gppropriate to rely on sengtivity
andys's, however, the assumptions underlying each sengtivity analyss should be clearly spelled
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out when presenting results. It is particularly ingppropriate to present only the highest and
lowest numbers associated with a set of sengtivity andyses, which may give the reeder the fase
impression that these congtitute the upper and lower bounds of a uniform distribution. For
parameters for which it is possible to specify a distribution, Monte Carlo andysisis desrable
(for example, in the case of the dope of the dose-response function).

The EPA andysis of the Arsenic in Drinking Water Rule discusses some of the sources
of uncertainty in benefit estimates and handles them by performing senstivity andyses.
Specificdly, it focuses on the impact of aternate assumptions about the parameters of the dose-
response function, which will vary depending on what fraction of arsenic in the Taiwanese
population (the population used to estimate the dose response function) is assumed to come from
drinking water. A “high” and “low” estimate of benefits are generated based on dternate
assumptions about the sources of arsenic exposure in Taiwan.

The other set of sengitivity andysesthat are performed pertain to the Vaue of a
Satidticad Life (VSL). Thisisvaried to dlow for (a) changesin the VSL asincomes grow, (b)
the involuntary nature of drinking water risks and (c) the length of the latency period. Aswe
explainin more detal in the next section, latency (or, more correctly, the cessation-lag between
reduction in exposure and reduction in risk) is not handled correctly in the arsenic benefits
andyds. We dso have a criticiam of the treatment of the adjustment for the involuntary nature
of drinking water risks. In principle, however, there is nothing wrong with handling these
sources of uncertainty through a sengitivity analyss. The choice of discount rate is aso
correctly handled via sengtivity anayss.

The report could, however, improve in its reporting of the results of these sengtivity
andysesintwo ways. Fird, the presentation of the details of the andyssin the Executive
Summary and in the body of the report does not provide a sufficiently clear description of the
specific details of dl aspects of the uncertainty andysis. With consderable effort it is possible
to develop a more complete understanding of how the analysis was undertaken by studying the
appendicesto the report. Second, when the results of two aternate assumptions are presented,
for example, the “high” and “low” benefit estimates in the Executive Summary, it isimportant to
state that these are not the endpoints of a uniform ditribution.
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3. GENERAL COMMENTSON THE ECONOMIC ANALYSIS

3.1 Commentson Exposure Assessment
3.1.1 Characterization of U.S. Population Exposurein the Analysis

There are afew opportunities to improve the presentation of arsenic exposures in the
benefits andlysis. Firdt, dthough the report gives nationa estimates of the proportion of water
systems of various types that exceed various average arsenic levels, and Tables 111.C-5 and C-6
give hepful breakdowns by geographic region and the system size (population served per
system), there does not gppear to be an ble presentation of the nationd or regiona
numbers of people or population aggregate exposures broken down in the sameways. A
breakdown of the numbers of people in these categoriesisimportant for understianding the
digtributiona burdens of both current arsenic exposures/heath harm and the prospective
compliance costs. A breakdown of the amounts of population aggregate exposure in these
categoriesis very important for understanding the extent to which the nationd aggregete arsenic-
in-drinking water problem would be reduced by different MCLs.

3.2 Comments on the Computation of Benefits
3.2.1 Treatment of ‘Latency’

Asthe answer to Charge Question 1 implies, we do not believe that the lag between
reduction in exposure and reduction in fatal cancers has been treated correctly in the benefits
analysis. The correct approach isto predict the number of fatal cancers avoided each year based
on an assumption about the percent of the steady-state reduction in cancer cases that will be
achieved each year following the policy. For example, in The Benefits and Costs of the Clean
Air Act 1990-2010 (USEPA 1999), it was assumed that 25% of the steady-state benefits from
reducing air pollution would be achieved in the firgt year of the policy, 50% by the second year,
and (increasing gradudly), 100% of the benfits by the end of the 5" year of the policy.

Once thistime path is established, the number of fatd cancers avoided inyear t should
be multiplied by the Vaue of a Statidticd Lifeinyear t and the result discounted to the first
year of the policy. The sum of these present discounted values over the horizon of the andlyss
yidds the present discounted vaue of benefits of the policy. Itis, of course, possibleto
annualize this number by cdculating the constant annud vaue of benefits that produces the
same present discounted value of benefits.

Inits primary analyss the Agency makes no adjusment for the cessation-lag in its
caculation of cancer mortdities avoided. 1t Smply assumes that the cancer mortdity risk will
drop immediately to the new steady-date level upon implementation of the new standard. Then
in asengtivity analys's (Section 5.5), it accounts for the cessation-lag not with dternative
cdculations of cancer mortalities avoided, but by discounting the Vaue of a Statistical Life
applied to these avoided desths for three aternative lag periods, 5, 10, and 20 years. In terms of
the caculated monetary benefits, thisis equivaent to assuming thereis no reduction in cancer
mortalities avoided for the first 5, 10, 20 years &fter the regulation isimplemented, after which
the cancer mortdity risk dropsimmediately to the new steedy-date leve.

In vauing avoided nonfatd cancers, the cessation-lag should be taken into account in
estimating the numbers of cases avoided in the same way that we described for fata cancersin
Section 2.1.
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3.2.2 Treatment of Age

Thereis sufficient information in the dose-response function in Moraes et d. (2000) to
caculate cancer cases avoided by age group. We believe that this should be done. The dose-
response function used to compute the number of cancer cases avoided in the benefits andyss
(Modd 1 of Moraeset d. 2000) isaspecid case of equation (1) in which “the relative risk of
mortdity at any time is assumed to increase exponentidly with alinear function of doseand a
quadratic function of age (p. B-7).” Instead of using this equation to predict risks by age group,
the information contained in the equation is aggregated to compute a lifetime cancer risk.

3.2.3 Valuing Avoided Cancer Morbidity

To vaue nonfatal bladder cancers, the Agency used avaue for avoiding a datistica case
of chronic bronchitis obtained by Viscus, Magat, and Huber (1991). We have two reservations
about this. Firg, this study used asmal sample obtained in a shopping mal in North Carolina
and thus may not be representative of either the U.S. population as awhole or the population of
individuas at risk of bladder cancer. Second, we have no basis for determining that avoiding a
case of chronic bronchitis has the same vaue as avoiding anonfatal case of bladder cancer.

On this second point, there is one study of willingnessto pay to avoid anonfatal case on
onetype of cancer. Magat, Viscus, and Huber estimated the willingness to pay to avoid a case
of nonfatd lymphomato be $3.6 million (Maget, et d. 1996). This vaue was obtained from a
smilar shopping mdl intercept survey with a subgantialy larger sample sze. So, athough the
endpoint being valued more nearly corresponds to nonfatal bladder cancer, thereis ill the
guestion of the representativeness of the sample. We dso note that the value obtained is at least
20 timeslarger than the cogt of illness for nonfata bladder cancer cited in Exhibit 5-10. Thus
we do not have alot of confidencein this number. Therefore, we recommend that the vaue used
in the report and the dternative discussed here be used as bounds in an uncertainty andyss.
However, this range should be clearly identified as displaying the two extreme estimates
avalable in the literature s0 it is not misconstrued as a confidence interval.

3.2.4 Valuing Avoided Cancer Mortality

The Agency should recognize the uncertainty in the estimated VSL used to vaue fatd
cancers ether by sengtivity analyss or incorporating the uncertainty in Monte Carlo andyses.

The committee believes that the adjusments to the VSL for the voluntariness/control-
lability of risk does not conform to standard economic practice. The SAB Review of the EPA’s
White Paper, Valuing the Benefits of Fatal Cancer Risk Reductions recommended that no such
adjustments be made.

We bdlieve that the central estimate of about $6.1 million for the VSL is gppropriate. In
an earlier report, the SAB said: "To the extent that cancer victims suffer greater morbidity, fear,
or dread than the victims of the causes of death involved in VSL studies, it would be appropriate
to attach a " cancer premium" to the value of an avoided death from cancer.” It went on to say
that there was little reliable information on what this premium should be. We agree with this
conclusion.

One possihility would be to add to the VSL anumber representing the value of avoiding
anonfatal case of the same type of cancer. We can not endorse that approach here for thereisno
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reason to believe that either the medica costs (cost of illness), the duration of the morbidity, or
its severity would be the same for anonfatal case and afata case of cancer. Infact, we can
think of reasons why they could be quite different. We can endorse adding estimates of the
medical cogts of trestment and/or amelioration for fatal cancersto the VSL asalower bound on
the true value of avoiding fata cancers.

3.3 Commentson the Computation of Costs

3.3.1 Factorsthat May Cause Coststo Be Overstated and/or Benefitsto Be
Under stated

Two features of the existing cost andysis may lead it to overdate the costs of arsenic
regulation, at least to some degree: We recommend that the Agency attempt to take account of
these factors. (1) To the extent that arsenic remova isajoint product of water trestment together
with the removal of other contaminants, the existing cost analys's may overdate the costs (or
undergtate the benefits) of arsenic regulation. Utilities may dready have pre-exiding ingdled
treatment processes for other contaminants that lower the cost of arsenic remova in a manner
not reflected in the current andysis, or utilities may adopt new treatment processes in response
to arsenic regulation that yield other improvementsin drinking water quality as a by-product. (2)
In two of three cases, the existing cost andlyses for the very large systems affected by the arsenic
regulations note that the costs may be overstated because they do not account for options that
may be available to lower cogts associated with ground water entry points. In those two casesit
is stated that: “Depending on the spatid digtribution of the wells, it may be possible to
implement centralized treatment, with reduced compliance cogts. It may aso be possible to
achieve compliance without trestment by blending ground water with surface water. Findly,
depending on the additiond capacity available from surface water and unaffected well, the city
could shut down affected wells.” Presumably, the same considerations apply to some of the other
systems affected by arsenic regulation and we recommend that the Agency attempt to take them
into account.

3.3.2 Amortization of Costs

In the arsenic benefits analysis capital costs are amortized (expressed as annua
equivaent flows) by using adiscount rate of 7%. An dternative caculation based on a 3% rate
isaso presented. However, what matters for the impact on utility finances and utility customers
isthe actud interest rate at which the affected utilities will finance these investments. We
recommend that the Agency estimate this when caculating the regulatory cogts (Freeman 1993,
pp. 213-216; Kolb and Scheraga 1990).

Exhibit 6-7 of the arsenic economic analys's presents data showing recommended cost of
capitd estimates for various types of water utility ranging from 4.17% to 5.94%. Having
reviewed the report from which they derive, we do not believe these etimates are adequeate.
Firg, while the andyss dlows for the use of different sources of capita by non-smal utilities of
different sizes (those serving 10,001 - 50,000 and those serving over 50,000) it assumes that the
costs of various types of capita — long-term debt, short-term debt, equity capita, municipa
bonds — are the same regardless of size for dl systems serving over 10,000. We do not believe
this assumption islikely to be accurate. Second, with investor owned utilities the report seates
that an after-tax figure is appropriate for the required analysis. We disagree and instead
recommend (1) using a before-tax figure for the cost of capita for investor owned utilities, and
(2) using a separate account to track the revenue gains to the government sector from taxes from
the water system debt.
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By way of illustration, suppose an investor owned water utility and a public owned water
utility both need to borrow $1 million. Suppose the investor owned utility issues bonds with an
interest rate of 8.5%. The publicly owned utility can borrow at alower interest rate snce the
interest paid on its bondsis tax exempt; it can borrow at 5.19%, to use the figure from page 29 of
the report on Public Water System Cost of Capitd. The difference of 3.31% (=8.5-5.1) isthe
savings due to the tax exemption on publicly owned system debt. The report recommends using
5.19% as the cost of capitd for investor owned utility debt as well as publicly owned utility debt,
because it views the 3.31% interest increment as merely atransfer payment. While thisis not
incorrect, it is mideading with respect to the policy implications. Because the investor owned
utility pays ahigher interest rate for its debt than the publicly owned utility, its customers will
face alarger cost increase than those of the publicly owned utility. We believe this should be
mede explicit in the andyss.

Third, for smilar reasons we disagree with the way in which the report tregts the
financing of capital costs on a pay-as-you-go basis out of current revenues or accumulated
capita reserves. Thistype of financing accounts for about 20-30% of cost of capital expenditures
for non-smdl systems, and 20-60% for small systems. The report imputes an opportunity cost of
capita to funds from this source as though they were amortized over 15 or 30 years. For
example, if agmadl system needs to fund $1 million of water supply improvement from cash
flow, the report recommends amortizing this as though the funds were being borrowed with
unrated or low rated genera obligation bonds at an interest rate of 5.47% amortized over 15
years. Suppose the investment were being made over a 5-year period. If the utility had made no
provison for asinking fund, it would need to raise the $1 million from higher water rates over
the 5-year period. To the extent there isa sinking fund, the impact on water rates will be less
severe. Itisclear, however, that usng an imputed cost of capital may not give an accurate
assessment of the short-term impact on water rates when financing water system investments
from cash flow.

3.3.3 Unanticipated Costs

Some comments received by the Committee from the City of Albuquerque question
whether the costs of arsenic regulation may have understated the cogts of proper disposal of
resduals from trestment and omitted certain externa costs such as the cost of road accidents
caused by the increased trangportation of materials used in water treatment. To the extent that
sgnificant externd cogts or benefits may be incurred as the result of arsenic regulation, these
should be accounted for in the analysis.

In this specific case, from the information currently available to us we do not know
whether there would be a significant external cost of accidents as aresult of arsenic regulation.
The analysis of increased truck and car accidents presented by the City of Albuquerque used
esimates of the crash, injury and degath rates per hundred million vehicle miles based on data for
1998 dtatewide interstate commercia truck traffic, Albuquerque truck traffic, and Albuquerque
ca traffic. We are not able to assess whether these are reliable estimates of the increase in road
accidents that could be expected to occur as the result of arsenic regulation for at least two
reasons. (1) What is needed is not the average number of accidents per vehicle mile but rather
the marginal increment in accidents per increment in vehicle miles; if the ratio of accidentsto
vehicle miles were a congtant it would measure what is needed, but we do not know this. (2) We
do not know whether the margina accident, injury and deeth rates for an average Albuquerque
driver are the same as the margina accident rate for drivers employed by the City of
Albuguerque Public Works Department. The data presented by the City of Albuquerque do not
control for thisand, aswith dl observationd data, one needsto be wary of potentia confounding
factors and omitted variables. If would be useful to know, for example, whether the City of
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Albuquerque has any corroborating data on its existing experience with road accidentsin
connection with the transportation of water trestment materias.

3.3.4 Policy Implications of Regulatory Costs

The Agency should give some attention to policy messures that could be undertaken to
mitigate the financia impacts on smdler sysems that lack economies of scae and therefore face
very high compliance cods per account. Implicit in the cost of capital estimates used in the
arsenic benefits andys's are some assumptions about the role of existing government loan and
grant programsin financing cogts of compliance. The cost of capita report assumes that these
loan and grant programs account for 5% of capita cogt financing for publicly owned systems
serving over 50,000, 8% for publicly owned systems serving 10,001-50,000, 26% for publicly
owned systems serving 501-10,000, 55% for publicly owned systems serving 1-500, 4% for
investor owned systems serving over 10,000, and 55% for private systems serving under 10,000
(pp 28, 41, 47). It would be useful for the Agency to assess whether these existing loan and grant
programs will be adequate to support the volume of demand generated by the arsenic regulations
and whether they need to be supplemented with additiona programs of financial assistance.

Other policy measures that could be considered include efforts to promote the
consolidation of very smal systems, or the provision of bottled water by very smal sysemsto
meet their customers needs for potable water. If the latter option is considered, it would, of
course, be necessary to calculate the reduction in al drinking water contaminants that the
provision of bottled water would achieve.
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APPENDICES
APPENDIX 1 - BACKGROUND
NDWAC Benefits Wor kgroup Recommendations, October 1998

The Nationd Drinking Water Advisory Council (NDWAC) was charged with providing EPA
with recommendations on which benefits should be routindy considered in developing its
regulations. They were to address what categories of benefits should be considered, how to
consder quditative benefits, and how to compare the results of benefits assessments with cost
andyses. NDWAC adopted the following recommendations from the Working Group:

Recommendation 1. EPA should focusits benefits analyss efforts primarily on assessng
effects on human hedth, defining these effects as clearly as possible and using the best available
datato vaue them. It isaso recommended that EPA consder 1) hedth risk reductions, 2) taste
and odor improvements, 3) reduction in water systlem materials damage, 4) commercia water
treatment cost reductions, 5) benefits due to source water protection, and 6) benefits derived
from the provison of information on drinking water quality.

Recommendation 2: EPA should devote substantia efforts to better understanding the hedlth
effects of drinking water contaminants, including the types of effects, their severity and affected
sengtive subpopulations. Better information is aso needed on exposures and the effects of
different exposure levels, particularly for contaminants with threshold effects. These efforts
should pay particular attention to obtaining improved information concerning impacts on
children and other sengitive populations.

Recommendation 3: EPA should dearly identify and describe the uncertainties in the benefits
and cogts analyss, including descriptions of factors that may lead the andysisto significantly
understate or overdate total benefits and costs. Factors that may have significant but
indeterminate effects on the benefits and costs estimates should also be described.

Recommendation 4. EPA should consider both quantified and non-quantified benefitsin
regulatory decison making. Theinformation about quantified and non-quantified (quditative)
benefits should be presented together in aformat, such as atable, to ensure that decision-makers
consider both kinds of information.

Recommendation 5: EPA should consder incremental benefits and codts, tota benefits and
cogts, the distribution of benefits and cogts, and cost-effectiveness in regulatory decision-
making. Thisinformation should be presented together in aformat, such as atable, to ensure its
consideration by decision-makers.

Recommendation 6: Whenever EPA considers regulation of a drinking water contaminant, it
should evduate and congider, dong with water treatment requirements to remove a contaminant,
source water protection options to prevent such [a] contaminant from occurring. The full range
of benefits of those options should be considered.
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APPENDIX 2
Appendix 2.1 Supplemental Information to Charge Question 1

Edtimates of latency can be gpproached by developing classcad Armitage-Doll multi-stage
models of the morbidity and mortality from various cancersin the U.S. population and then
exploring mathematically the expected digributions of times to diagnos's and desth from various
cancers, making various plausible assumptions about where arsenic might act in the sequence of
genetic changes leading to the different cancers. Recent (1994-98) U.S. morbidity and mortdity
datafor different cancers are available from the “SEER” program [Ries, L. A. G., Eisner, M. P,
Kosary, C. L. Hankey, B. F., Miller, B. A., Clegg, L., and Edwards, B. K. (2001) SEER Cancer
Statistics Review 1973-1998, National Cancer Ingtitute, Bethesda, Md.].

The most straightforward gpproach to specifying the modesisto do asmple set of weighted
regression anadyses to these data of the form:

Log(Incidence or Mortality Rate in cases/100,000 population per year) = k*Log(Age—L) +b

In this equation, L isalag period that represents the typical time between the unobserved birth of
the first cancer cdll and ether cancer diagnosis or cancer death (for morbidity v. mortality data,
respectively), and k + 1 isthe number of “stages’ (sequentia genetic changes) in the cancer
modd. Some fits derived from the data from Taiwan are contained in Attachment 1. The“U.S.
incidence data’ worksheet contains SEER incidence and mortality data for lung and bladder
cancer for each sex, but the mode fitting has not yet been done. The “5-stage mae smoker”
worksheet (see Attachment 2) shows an example of a 5-stage lung cancer modd created severa
years ago to represent the expected time pattern of development of lung cancer in smokers who
began smoking at age 13. [See Haitis, D., and Silver, K. “Use of Mechanistic Datain
Occupationa Hedlth Risk Assessment--The Example of Diesdl Particulates” in Chemica Risk
Assessment and Occupationa Hedlth--Current Applications, Limitations, and Future Prospects,
C. Mark Smith, David C. Chrigtiani, and Karl T. Kelsey, eds., Greenwood Publishing Group,
Inc., Westport CT 1994, pp. 167-177 for an example of prior use of this approach]

Such amodd makes it straightforward to explore the implications of different assumptions about
which stages are affected by arsenic exposures. Additiona data available in the literature may
help judge the relative likelihood of different stage-of-action assumptions. In addition to the
Chen et d. (1991) paper cited above, the following by Tsal et d. (1998) might be useful in
esimating the rates at which risks for various hedlth effects might decrease when exposure is
decreased [Tsai, SM, Wang, TN, and Ko, Y C. Cancer mortality trendsin a blackfoot disease
endemic community of Taiwan following water source replacement. J. Toxicol Environ. Hedth
55(6):389-404 1998]. It isimportant that the latent benefits from lowering exposure to
individuds that have had prior arsenic exposure be estimated utilizing the same mode! utilized to
estimate potency. Mode of action has implications for how rapidly and completely the effectsin
the exposed population are reversed asit does when exposure increases to increase the risk of
cancer. Thus it isimportant to be consstent in the utilization of mode of action information in
the findl trestment of risks,

Asindicated above, intheidea circumstance there needs to be some consideration or at least
acknowledgment of the different ages a the time the ruleis put into effect. Benefits will accrue
over alifetime for children concelved after treatment is ingtituted. However, at that moment
there will be people of different ages who will gain some benefit. Benefitsto these individuas

A-2



could be sgnificantly larger if arsenic were largely a late-stage carcinogen. This gppearsto be
the basis of the reduction in lifetime risks associated with discontinuation of smoking even after
severd years. Arsenic produces avariety of effects a the molecular and cdllular level that can
contribute to cancer risk. It is probable that there will be insufficient data to come to hard
conclusions about how different modes of action are contributing to the cancer incidence at
different doses or doserates. Because the experimental data (i.e. mechanistic data) that is
available today indicate the possibility of severd distinctly different modes of action with
different metabolic forms of arsenic a different doses such an exercise will be viewed as being
highly speculdtive by scientists. Thus, unless more certainty can be brought to the andysis than
was gpparent in the Pand’ s brief review of the literature, it is suggested that such analyses be
confined to the uncertainty analysis as it has the distinct possibility of confusing the more
graightforward derivation of latency information from exigting data. It is strongly suggested
that the sophidtication of the methodology applied be limited by and consstent with
recommendations of the Nationa Research Council (NRC) panel, which has been charged with
making recommendations on the risk assessment methodology that should be used.
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Attachment 1to Appendix 2.1

USIncidence and Mortality data for various cancers

All incidence and mortality rates are for 1994-98, obtained from SEER website (Ries, L. A. G., Eisner, M. P,,
Kosary, C. L. Hankey, B. F., Miller, B. A., Clegg, L., and Edwards, B. K. (2001) SEER Cancer Statistics Review
1973-1998, National Cancer Institute, Bethesda, Md.)

U.S. Population data for 1995 by age:

Age group Mae Femae
al 15+ 98,760,045 106,269,617
15-24 18,352,667 17,594,592
25-34 20,431,905 20,441,238
35-44 21,061,700 21,406,031
45-54 15,181,658 15,897,104
55-64 10,044,054 11,087,025
65-74 8,342,097 10,417,067
75+ 4,346,564 9,426,584

Interpolated 5-year age groups beginning at various ages.

Age
midpc?int of  Agegroup Malepop Female pop

range
15 9,176,334 8,797,296
22.4970298 20 9,176,334 8,797,296
27.4969777 25 10,215,953 10,220,619
32.4961483 30 10,215,953 10,220,619
37.495086 35 10,530,850 10,703,016
42.4935055 40 10,530,850 10,703,016
47.491253 45 7,590,829 7,948,552
52.4873845 50 7,590,829 7,948,552
57.4814267 55 5,022,027 5,543,513
62.4719425 60 5,022,027 5,543,513
67.462545 65 4,171,049 5,208,534
72.4506775 70 4,171,049 5,208,534
77.4426083 75 1,243,504 2,717,212
82.437223 80 1,071,621 2,363,956
91.7883669 85 2,031,439 4,345,416
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Male blad

Log(Male

Agegroup incper Maleblad blad Female Maleblad Female
100K cases inc/100K) bladinc mort  blad mort
1S) .
20 : : .
25 0.8 82 -0.096910
30 1.3 133 0.113943 0.1
35 31 326  0.491362 0.9 0.2 0.1
40 6.2 653  0.792392 2 0.5 0.2
45 13.5 1025  1.130334 4 11 0.5
50 26.8 2034  1.428135 9.1 2.7 0.9
55 50.2 2521 1700704 144 55 1.8
60 83.9 4213 1923762 238 10.5 34
65 138.7 5785 2142076  32.8 19.7 59
70 191.8 8000 2282849 50.3 333 10.1
75 237.8 2957 2376212 57.8 52.1 15.6
80 286.8 3073 2457579  67.7 82.7 25.7
85 296.6 6025 2472171 75 135.1 41.7
Male Female Male Female
Agegroup kidney inc kidneyinc  kidney  kidney
mort mort

5. 0.1 0.1

20. 0.1 0.1

25 0.6 0.1 0.1

30 12 11 0.2 0.2

35 3 1.9 0.6 0.3

40 6.8 34 1.6 0.7

45 13.2 6.1 3.6 15

50 222 10.7 7 2.8

55 35.1 16.2 11.4 4.8

60 45.1 216 16.7 7.3

65 55.8 29.3 22.3 10

70 715 329 28 13.4

75 72.7 37.3 34.8 16.6

80 70.8 38.7 411 21.3

85 71.7 32.9 48.5 24.3
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Agegroup _wmale Female  Male Femare
liver inc liver inc liver mort liver mort

15 U.1 U.1
20 0.1 0.1
25 0.2 0.1
30 0.3 0.2
35 13 0.5 0.8 0.3
40 31 0.8 21 0.7
45 6.8 16 4.4 1.3
50 8.8 29 6.6 24
55 152 4.2 10.3 39
60 216 7.1 17 6.5
65 29.1 9.5 231 10.1
70 35.3 13.7 30.9 14
75 39.4 18 36.6 184
80 36.5 20.4 43.6 22.8
85 39.9 19.7 45.4 26.7

Agegroup Malelung Female Malelung Female

inc lunginc mort  lung mort
15
20 0.1
25 0.6 0.3 0.2
30 1.8 15 1.1 0.9
35 5.1 4.8 3.6 3
40 13.3 10.2 11 7.4
45 319 26.1 274 17.6
50 76 57.3 67.1 40.7
55 151.7 104.6 133.6 76.5
60 256 166.4 237 126.8
65 389 235 357 180.9
70 508 287.3 471.1 230.6
75 556.3 294.5 525.7 247.1
80 553.6 268.4 577 243.3
85 448.3 171.9 521.3 185.5
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Attachment 2 Appendix 2.1

Example of a 5-Stage M ultistage M odel, Tuned to Represent The Influence of Smoking at Stages 1 and 4
(Observed data quoted by Whittemorefor u.s. Veterans study)

Part |
Lung cancer
(Hundreds
of Person- M odel Model
All smokers Lung Cancer yearsat predicted Predicted Average
Cases risk) Incidence Cases Cigarettes Smoking/
Age Observed per 100,000 Expected Chin2 Per Day Average
Background
mutation rate 0.000181965
Smoking 35 6 1127 19.09 21.52 1.12E+01 20.93 1.05
increment to
stage 1 mut rate 0.000432
(stage 1 and 4, begin age 13) 45 14 342 63.46 21.70 2.73E+00 21.65 1.08
(Stage 4 effect is 2X stagel effect) 55 522 3195  150.09 479.55 3.76E+00 20.57 1.03
65 527 1977 280.90 555.33 1.45E+00 18.49 0.92
75 30 72 44052 31.72 9.30E-02 16.03 0.80
Total:
19.22050 20.02
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Attachment 2 Appendix 2.1 (Continued)

Example of a 5-Stage M ultistage M odel, Tuned to Represent The Influence of Smoking at Stages 1 and 4
(Observed data quoted by Whittemorefor u.s. veterans study) (Table Continued)

Part |1
Numbers of Susceptible Cung CAISTn Varous Jages.
For aget5
Age Stage5 Fraction of Incidence
(Year) Stage O Stage 1 Stage2  Stage3d  Stage4 (tumor hits) Peoplewith  Per Year
Tumors  Per 100,000
0 2.00E+09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 0
0.5 2.00E+09 1.82E+05 0.00E+00 0.00E+00 0.00E+00 0 0
1 2.00E+09 3.64E+05 1.66E+01 0.00E+00 0.00E+00 0 0
15 2.00E+09 5.46E+05 4.97E+01 1.51E-03 0.00E+00 0 0
2 2.00E+09 7.28E+05 9.93E+01 6.02E-03 1.37E-07 0 0
2.5 2.00E+09 9.09E+05 1.66E+02 1.51E-02 6.85E-07 1.25e-11 1.2469E-11
3 2.00E+09 1.09E+06 248E+02 3.01E-02 2.06E-06 7.48e-11 7.4805E-11
35 2.00E+09 1.27E+06 3.48E+02 5.27E-02 4.80E-06 2.62e-10 2.6179E-10
4 2.00E+09 1.45E+06 4.63E+02 8.43E-02 9.59E-06 6.98e-10 6.9805E-10
4.5 2.00E+09 1.64E+06 596E+02 1.26E-01 1.73E-05 1.57e-09 1.5705E-09
5 2.00E+09 1.82E+06 7.44E+02 1.81E-01 2.88E-05 3.14e-09 3.1407E-09
55 2.00E+09 2.00E+06 9.10E+02 2.48E-01 4.52E-05 5.76e-09 5.7574E-09
6 2.00E+09 2.18E+06 1.09E+03 3.31E-01 6.78E-05 9.87e-09 9.8689E-09
6.5 2.00E+09 2.36E+06 1.29E+03 4.30E-01 9.79E-05 0 1.6035E-08
7 2.00E+09 254E+06 1.50E+03 5.48E-01 1.37E-04 0 2.4942E-08
7.5 2.00E+09 2.73E+06 1.74E+03 6.85E-01 1.87E-04 0 3.7409E-08
8 2.00E+09 291E+06 1.98E+03 8.43E-01 2.49E-04 0 5.4409E-08
85 2.00E+09 3.09E+06 2.25E+03 1.02E+00 3.26E-04 0 7.7072E-08
9 2.00E+09 3.27E+06 253E+03 1.23E+00 4.19E-04 0 1.0671E-07
9.5 2.00E+09 3.45E+06 2.83E+03 1.46E+00 5.30E-04 0 1.448E-07
10 2.00E+09 3.63E+06 3.14E+03 1.71E+00 6.63E-04 0 1.9305E-07
105 2.00E+09 3.81E+06 3.47E+03 2.00E+00 8.19E-04 0 2.5336E-07
11 2.00E+09 4.00E+06 3.82E+03 2.32E+00 1.00E-03 0 3.2784E-07
115 2.00E+09 4.18E+06 4.18E+03 2.66E+00 1.21E-03 0 4.1887E-07
12 2.00E+09 4.36E+06 4.56E+03 3.04E+00 1.45E-03 0 5.2905E-07
125 2.00E+09 4.54E+06 4.96E+03 3.46E+00 1.73E-03 0 6.6125E-07
13 1.99E+09 5.15E+06 5.37E+03 3.91E+00 3.54E-03 0 8.1862E-07
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1.99E+09
1.99E+09
1.99E+09
1.99E+09
1.99E+09
1.99E+09
1.99E+09
1.99E+09
1.99E+09
1.99E+09
1.99E+09
1.99E+09
1.99E+09
1.99E+09
1.99E+09
1.99E+09
1.98E+09
1.98E+09
1.98E+09
1.98E+09
1.98E+09
1.98E+09
1.98E+09
1.98E+09
1.98E+09
1.98E+09
1.98E+09
1.98E+09
1.98E+09
1.98E+09
1.98E+09
1.98E+09
1.97E+09
1.97E+09
1.97E+09
1.97E+09
1.97E+09

5.76E+06
6.37E+06
6.99E+06
7.60E+06
8.21E+06
8.82E+06
9.43E+06
1.00E+07
1.06E+07
1.13E+07
1.19E+07
1.25E+07
1.31E+07
1.37E+07
1.43E+07
1.49E+07
1.55E+07
1.61E+07
1.67E+07
1.73E+07
1.80E+07
1.86E+07
1.92E+07
1.98E+07
2.04E+07
2.10E+07
2.16E+07
2.22E+07
2.28E+07
2.34E+07
2.40E+07
2.46E+07
2.52E+07
2.58E+07
2.64E+07
2.70E+07
2.76E+07

5.84E+03
6.36E+03
6.94E+03
7.58E+03
8.27E+03
9.01E+03
9.81E+03
1.07E+04
1.16E+04
1.26E+04
1.36E+04
1.47E+04
1.58E+04
1.70E+04
1.82E+04
1.95E+04
2.09E+04
2.23E+04
2.38E+04
2.53E+04
2.68E+04
2.85E+04
3.02E+04
3.19E+04
3.37E+04
3.56E+04
3.75E+04
3.94E+04
4.14E+04
4.35E+04
4.56E+04
4.78E+04
5.00E+04
5.23E+04
5.47E+04
5.71E+04
5.95E+04

4.39E+00
4.92E+00
5.50E+00
6.13E+00
6.81E+00
7.56E+00
8.38E+00
9.27E+00
1.02E+01
1.13E+01
1.24E+01
1.36E+01
1.50E+01
1.64E+01
1.79E+01
1.96E+01
2.13E+01
2.32E+01
2.53E+01
2.74E+01
2.97E+01
3.21E+01
3.47E+01
3.74E+01
4.03E+01
4.33E+01
4.66E+01
4.99E+01
5.35E+01
5.72E+01
6.12E+01
6.53E+01
6.96E+01
7.41E+01
7.88E+01
8.38E+01
8.89E+01
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5.58E-03
7.88E-03
1.05E-02
1.33E-02
1.65E-02
2.01E-02
2.40E-02
2.84E-02
3.33E-02
3.86E-02
4.45E-02
5.10E-02
5.81E-02
6.60E-02
7.45E-02
8.39E-02
9.41E-02
1.05E-01
1.17E-01
1.31E-01
1.45E-01
1.60E-01
1.77E-01
1.95E-01
2.15E-01
2.36E-01
2.59E-01
2.83E-01
3.09E-01
3.37E-01
3.67E-01
3.99E-01
4.33E-01
4.69E-01
5.08E-01
5.49E-01
5.93E-01

0 1.1405E-06
0 1.6482E-06
0 2.3648E-06
0 3.3155E-06
0 4.5276E-06
0 6.031E-06
0 7.8582E-06
0 1.0045E-05
0 1.263E-05
0 1.5655E-05
0 1.9167E-05
0 2.3214E-05
0 2.7852E-05
0 3.3138E-05
0 3.9135E-05
0 4.5912E-05
0 5.354E-05
0 6.2099E-05
0 7.1672E-05
0 8.2349E-05
0 9.4225E-05
0 0.0001074
0 0.00012199
0 0.0001381
0 0.00015586
0 0.0001754
0 0.00019684
0 0.00022035
0 0.00024607
0 0.00027415
0 0.00030478
0 0.00033812
0 0.00037436
0 0.0004137
0 0.00045634

0.001 0.0005025
0.001 0.0005524



1.97E+09
1.97E+09
1.97E+09
1.97E+09
1.97E+09
1.97E+09
1.97E+09
1.97E+09
1.97E+09
1.97E+09
1.97E+09
1.97E+09
1.96E+09
1.96E+09
1.96E+09
1.96E+09
1.96E+09
1.96E+09
1.96E+09
1.96E+09
1.96E+09
1.96E+09
1.96E+09
1.96E+09
1.96E+09
1.96E+09
1.96E+09
1.96E+09
1.95E+09
1.95E+09
1.95E+09
1.95E+09
1.95E+09
1.95E+09
1.95E+09
1.95E+09
1.95E+09

2.82E+07
2.88E+07
2.94E+07
3.00E+07
3.06E+07
3.12E+07
3.18E+07
3.24E+07
3.30E+07
3.36E+07
3.42E+07
3.49E+07
3.55E+07
3.60E+07
3.66E+07
3.72E+07
3.78E+07
3.84E+07
3.90E+07
3.96E+07
4.02E+07
4.08E+07
4.14E+07
4.20E+07
4.26E+07
4.32E+07
4.38E+07
4.44E+07
4.50E+07
4.56E+07
4.62E+07
4.68E+07
4.74E+07
4.80E+07
4.86E+07
4.92E+07
4.98E+07

6.20E+04
6.46E+04
6.72E+04
6.99E+04
7.26E+04
7.54E+04
7.82E+04
8.11E+04
8.41E+04
8.71E+04
9.01E+04
9.32E+04
9.64E+04
9.96E+04
1.03E+05
1.06E+05
1.10E+05
1.13E+05
1.17E+05
1.20E+05
1.24E+05
1.27E+05
1.31E+05
1.35E+05
1.39E+05
1.42E+05
1.46E+05
1.50E+05
1.54E+05
1.58E+05
1.63E+05
1.67E+05
1.71E+05
1.75E+05
1.80E+05
1.84E+05
1.89E+05

9.43E+01
9.99E+01
1.06E+02
1.12E+02
1.18E+02
1.25E+02
1.31E+02
1.38E+02
1.46E+02
1.53E+02
1.61E+02
1.69E+02
1.78E+02
1.86E+02
1.95E+02
2.05E+02
2.14E+02
2.24E+02
2.34E+02
2.45E+02
2.55E+02
2.67E+02
2.78E+02
2.90E+02
3.02E+02
3.14E+02
3.27E+02
3.40E+02
3.54E+02
3.68E+02
3.82E+02
3.96E+02
4.11E+02
4.27E+02
4.42E+02
4.59E+02
4.75E+02
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6.39E-01
6.89E-01
7.41E-01
7.96E-01
8.54E-01
9.16E-01
9.81E-01
1.05E+00
1.12E+00
1.20E+00
1.28E+00
1.36E+00
1.45E+00
1.54E+00
1.64E+00
1.74E+00
1.85E+00
1.96E+00
2.08E+00
2.20E+00
2.33E+00
2.46E+00
2.60E+00
2.75E+00
2.90E+00
3.06E+00
3.22E+00
3.39E+00
3.57E+00
3.75E+00
3.94E+00
4.14E+00
4.35E+00
4.57E+00
4.79E+00
5.02E+00
5.26E+00

0.001 0.00060626

0.001 0.00066435

0.001 0.0007269

0.001 0.00079419

0.001 0.00086649

0.001 0.00094408

0.001 0.00102726
0.0011 0.00111635
0.0012 0.00121165
0.0013 0.00131351
0.0014 0.00142227
0.0015 0.00153828
0.0017 0.00166191
0.0018 0.00179355
0.0019 0.00193359
0.0021 0.00208243
0.0022 0.00224049
0.0024 0.00240821
0.0026 0.00258604
0.0028 0.00277443

0.003 0.00297386
0.0032 0.00318482
0.0034 0.00340782
0.0037 0.00364335
0.0039 0.00389197
0.0042 0.00415421
0.0044 0.00443064
0.0047 0.00472182

0.005 0.00502836
0.0054 0.00535085
0.0057 0.00568991
0.0061 0.00604619
0.0064 0.00642032
0.0068 0.00681298
0.0073 0.00722485
0.0077 0.00765663
0.0081 0.00810902

18.2678851

58.6853364



1.95E+09
1.95E+09
1.95E+09
1.95E+09
1.95E+09
1.95E+09
1.95E+09
1.95E+09
1.94E+09
1.94E+09
1.94E+09
1.94E+09
1.94E+09
1.94E+09
1.94E+09
1.94E+09
1.94E+09
1.94E+09
1.94E+09
1.94E+09
1.94E+09
1.94E+09
1.94E+09
1.94E+09
1.94E+09
1.93E+09
1.93E+09
1.93E+09
1.93E+09
1.93E+09
1.93E+09
1.93E+09
1.93E+09
1.93E+09
1.93E+09
1.93E+09
1.93E+09

5.04E+07
5.10E+07
5.16E+07
5.22E+07
5.27E+07
5.33E+07
5.39E+07
5.45E+07
5.51E+07
5.57E+07
5.63E+07
5.69E+07
5.75E+07
5.81E+07
5.87E+07
5.93E+07
5.98E+07
6.04E+07
6.10E+07
6.16E+07
6.22E+07
6.28E+07
6.34E+07
6.40E+07
6.46E+07
6.51E+07
6.57E+07
6.63E+07
6.69E+07
6.75E+07
6.81E+07
6.87E+07
6.93E+07
6.98E+07
7.04E+07
7.10E+07
7.16E+07

1.93E+05
1.98E+05
2.02E+05
2.07E+05
2.12E+05
2.16E+05
2.21E+05
2.26E+05
2.31E+05
2.36E+05
241E+05
2.46E+05
251E+05
2.57E+05
2.62E+05
2.67E+05
2.73E+05
2.78E+05
2.83E+05
2.89E+05
2.95E+05
3.00E+05
3.06E+05
3.12E+05
3.17E+05
3.23E+05
3.29E+05
3.35E+05
3.41E+05
3.47E+05
3.53E+05
3.59E+05
3.66E+05
3.72E+05
3.78E+05
3.85E+05
3.91E+05

4.92E+02
5.09E+02
5.27E+02
5.45E+02
5.64E+02
5.83E+02
6.02E+02
6.22E+02
6.42E+02
6.63E+02
6.84E+02
7.05E+02
7.28E+02
7.50E+02
7.73E+02
7.96E+02
8.20E+02
8.45E+02
8.69E+02
8.95E+02
9.21E+02
9.47E+02
9.74E+02
1.00E+03
1.03E+03
1.06E+03
1.09E+03
1.12E+03
1.15E+03
1.18E+03
1.21E+03
1.24E+03
1.27E+03
1.30E+03
1.34E+03
1.37E+03
1.40E+03
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5.51E+00
5.76E+00
6.03E+00
6.30E+00
6.59E+00
6.88E+00
7.19E+00
7.50E+00
7.83E+00
8.16E+00
8.51E+00
8.86E+00
9.23E+00
9.61E+00
1.00E+01
1.04E+01
1.08E+01
1.13E+01
1.17E+01
1.21E+01
1.26E+01
1.31E+01
1.36E+01
1.41E+01
1.46E+01
1.52E+01
1.57E+01
1.63E+01
1.69E+01
1.75E+01
1.81E+01
1.87E+01
1.93E+01
2.00E+01
2.07E+01
2.14E+01
2.21E+01

0.0086 0.00858276
0.0091 0.00907859
0.0096 0.00959727
0.0102 0.01013957
0.0108 0.01070629
0.0114 0.01129822
0.012 0.01191619
0.0126 0.01256105
0.0133 0.01323363
0.014 0.0139348
0.0148 0.01466546
0.0155 0.01542649
0.0164 0.01621882
0.0172 0.01704335
0.0181 0.01790105
0.019 0.01879285
0.0199 0.01971974
0.0209 0.0206827
0.0219 0.02168272
0.023 0.02272081
0.0241 0.023798
0.0252 0.02491532
0.0264 0.02607383
0.0277 0.02727457
0.0289 0.02851864
0.0303 0.02980709
0.0316 0.03114104
0.0331 0.03252158
0.0345 0.03394983
0.0361 0.03542691
0.0377 0.03695394
0.0393 0.03853207
0.041 0.04016245
0.0427 0.04184622
0.0446 0.04358453
0.0464 0.04537857
0.0484 0.04722948

146.117854



1.93E+09
1.93E+09
1.93E+09
1.93E+09
1.93E+09
1.92E+09
1.92E+09
1.92E+09
1.92E+09
1.92E+09
1.92E+09
1.92E+09
1.92E+09
1.92E+09
1.92E+09
1.92E+09
1.92E+09
1.92E+09
1.92E+09
1.92E+09
1.92E+09
1.92E+09
1.91E+09
1.91E+09
1.91E+09
1.91E+09
1.91E+09
1.91E+09

1.22E+07
7.28E+07
7.34E+07
7.39E+07
7.45E+07
7.51E+07
7.57E+07
7.63E+07
7.69E+07
7. 74E+07
7.80E+07
7.86E+07
7.92E+07
7.98E+07
8.04E+07
8.09E+07
8.15E+07
8.21E+07
8.27E+07
8.33E+07
8.38E+07
8.44E+07
8.50E+07
8.56E+07
8.62E+07
8.67E+07
8.73E+07
8.79E+07

3.97E+05
4.04E+05
4.11E+05
4.17E+05
4.24E+05
4.31E+05
4.37E+05
4.44E+05
4.51E+05
4.58E+05
4.65E+05
4.72E+05
4.79E+05
4.86E+05
4.94E+05
5.01E+05
5.08E+05
5.16E+05
5.23E+05
5.31E+05
5.38E+05
5.46E+05
5.53E+05
5.61E+05
5.69E+05
5.76E+05
5.84E+05
5.92E+05

1.44E+03
1.47E+03
1.51E+03
1.55E+03
1.58E+03
1.62E+03
1.66E+03
1.70E+03
1.74E+03
1.78E+03
1.82E+03
1.86E+03
1.90E+03
1.95E+03
1.99E+03
2.03E+03
2.08E+03
2.12E+03
2.17E+03
2.21E+03
2.26E+03
2.31E+03
2.36E+03
2.41E+03
2.46E+03
2.51E+03
2.56E+03
2.61E+03
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2.28E+01
2.36E+01
2.43E+01
2.51E+01
2.59E+01
2.68E+01
2.76E+01
2.85E+01
2.94E+01
3.03E+01
3.12E+01
3.21E+01
3.31E+01
3.41E+01
3.51E+01
3.62E+01
3.72E+01
3.83E+01
3.94E+01
4.05E+01
4.17E+01
4.29E+01
4.41E+01
4.53E+01
4.66E+01
4.78E+01
4.91E+01
5.05E+01

0.0504 0.04913844
0.0525 0.05110663
0.0546 0.05313521
0.0568 0.05522537
0.0591 0.05737827
0.0614 0.05959509
0.0639 0.06187701
0.0664 0.06422518
0.069 0.06664078
0.0716 0.06912496
0.0744 0.0716/888
0.0772 0.07430367
0.0801 0.07700048
0.0831 0.07977041
0.0862 0.0826146
0.0894 0.08553413
0.0927 0.08853009
0.0961 0.09160355
0.0996 0.09475555
0.103 0.09798714
0.107 0.10129931
0.111 0.10469307
0.114 0.10816936
0.118 0.11172914
0.123 0.11537332
0.127 0.11910277
0.131 0.12291836
0.136 0.1268209

304.144013

550.341531



APPENDIX 2.2

Supplement to Charge Question 2

Studies addressing the mgjor categories of concern at lower exposure levels are listed in the tables (which are not comprehensive, but
rather, representative). These studies demondtrate a broad array of related endpoints and indicate the range and weight of evidence,
quditatively, as wel as the consstency with which these effects are related to arsenic exposure. Such consistency, particularly when
at least some of the studies are of high quaity and have adjusted for individud-level confounders, strengthens the evidence for

causdity.

I. Human morbidity studies of cardiovascular endpoints

Author slyear & M easur e of
Outcome location Design Exposur e assessment Dose-response association Range of exposures
analysis:
Cerebrovascular Chiou et al. 1997 Retrospective Cumulative exposure Significant; adjusted for age, Odds ratio <0.1, 0.1-4.9, >5.0 mg/L-year;
disease/cerebral Tawan cohort Avg concentr'nin H,0O SeX, cigarettes, alcohol <0.1, 0.1-50, 50.1-2999.9, >300
infarction ug/L
Tschemic heart Hsueh et a. 1998 Retrospective Durafion of exposure viaH,0 | Significant, adjusted for total Oddsraiio <13, 13-29, >30 years drinking
disease Taiwan cohort cholesterol, BMI, artesian well water
hypertension, serum **- and $-
carotene
ETectrocardio-grapnic| Onnisii et al.2000 | PTOSPECUVE, AS TXTor promyelocytic Proronged QT miervasmarl g [-- TS5 mg/kg Tor 20-79 days
abnormalities Japan patients with leukemia patients, serious arrhythmiasin
promyelocytic 4
leukemia

Hypertension Chen et al. 1995 Retrospective Cumulative exposure Significant; adjusted for age, Odds ratio 0,0.1-6.3, 6.4-10.8, 10.9-14.7

Taiwan cohort [Avg concin H,O]* sex, diabetes, proteinuria, BMI mg/L-years,

0, .01-.70, >.70 mg/L

“ Rahman et a. 1999 | Retrospective Cumulative exposure Significant; adjusted for age, Prevalenceratio] 0, <1.0, 1.0-5.0, >5.0-10.0 mg/L -

Bangladesh cohort Avg concentr'nin H,0O sex, BMI years;

<0.5,0.51t0 1.0, >1.0 mg/L

Systolic blood Jensen & Hansen Retrospective Job with arsenic exposure, Differencein Mean of 22.3 nmol/mmol Asin
pressure 1998 cohort urinary As means creatinine vs. 12.0 nmol/mmol

Denmark for referents
V asospastic Lagerkvist et al. X-sectional Urinary Asavallable but not | No dose-response analysis Differencein 10-340 ug/L (mean=70) in urine
tendency (finger 1986 used- conducted prevalence among exposed; 5-20 ug/L among
systolic pressure, Sweden Estimated exposure at 300 referents, highest quartile had

upon cooling)

ug/day, or 4 g over 23 years

mean of 180 ug/L
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I. Human morbidity studies of cardiovascular endpoints (con’t)

Authorslyear & M easur e of
Outcome location Design Exposur e assessment Dose-response association Range of exposures
analysis:
Blackfoot Chen et al. 1988 Retrospective Duration of exposure via 0 (referent) 1-29, >30 years
disease** Taiwan cohort H.,O drinking artesian well water
Peripheral vascular | Tseng et al. 1996 Retrospective Cumulative exposure Significant in highest Odds ratio 0 (referent), 0.1-19.9, >20
disease*** Tawan cohort Duration well water use exposure group, adjusted for mg/L-years
Duration living in Bf area age, sex, BMI, cigarette 0, 1-19, 20-29, >30 years
smoking, diabetes drinking artesian well water
hypertension, serum total
cholesteral, & triglycerides
Raynaud Lagerkvist et al. Time trend — start No dose-response analysis Differencein Exposed: mean of 61 ug/L
phenomenon, 1988 Sweden to end of conducted. Significant prevalence urine
numbness & other vacation difference in numbness &
symptoms other signs,
von Willebrand Gomez-Caminero Prospective Exposed vs. unexposed Significant vs. referents Differencein | <2 ug/L (referent), ~45 ug/L
factor 2001 cohort of town means, odds (exposed)
Chile pregnant women ratio for
lowest tertile

* The analyss for this exposure metric did not adjust for al factorsin the next column
** Blackfoot disease has been used as an indicator of exposure to arsenic &/or susceptibility to the effects of arsenic, dueto its close
association with elevated arsenic exposures.
***Diagnosed by Doppler ultrasound, ABI<0.9 on ether Sde of extremity
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Il. Human mortality studies of cardiovascular & renal endpoints

Author slyear & M easur e of
Outcome location Design Exposur e assessment Dose-response association Range of exposures
analysis:
Circulatory disease | Tsai et al. 1999 Retrospective Townships with arsenic Significant in both sexes, Standardized | 0.78 mg/L,
Taiwan cohort 1971-1994 | contaminated water from adjusted for age, calendar mortality ratio | referents: local county, and

1900'sto mid-1970's

year

national rates

Hertz-Picciotto et Retrospective Cumulative occupational Significant dose response Rateratio <750 (referent), 750-1999, 2000-
a, 2000 cohort exposure over theworklife | adjusted for age, year of 3999, 4000-7999, 8000-19,999,
US smelter workers hire, and the healthy worker >20,000 ug/m® —years
survivor effect
Cardiovascular Wu et al. 1989 Retrospective Villages with arsenic Significant, adjusted for age, Mortality ratio | <0.3, 0.3-0.59, >.60 mg/L
disease Talwan cohort 1973-1986 | contaminated water Sex
“ Axelson et al. 1978 | Case-control Employment in exposed Significant dose response Mantel- Not employed at smelter
Sweden, area jobs Haenszel rate | (referent), employed at smelter:
around smelter ratio ‘closeto’ 0.5 mg/m®
“ Hertz-Picciotto et Retrospective Cumulative occupational Significant dose response Rateratio <750 (referent), 750-1999, 2000-
a, 2000 cohort exposure over theworklife | adjusted for age, year of 3999, 4000-7999, 8000-19,999,
US smelter workers hire, and the healthy worker >20,000 ug/m® —years
survivor effect
Ischemic heart Chen et al. 1996 Two prospective | Avg concentr’nin H,O M onatonic dose response, Hazard ratio 0 (referent), 0.1-9.9, 10.0-19.9,
Disease Taiwan cohorts 1985- Cumulative exposure models adjusted for age, sex, from Cox 20.0+ mg/L years
1993, and 1988- baseline BMI, cigarette proportional
1995 smoking, serum cholesterol, hazards model
triglycerides, diabetes,
hypertension, blackfoot
disease*
“ Tsai et a. 1999 Retrospective Townships with arsenic Significant in both sexes, Standardized | 0.78 mg/L,
Taiwan cohort 1971-1994 | contaminated water from adjusted for age, calendar mortality ratio | referents: local county, and
1900’'sto mid-1970’'s year national rates
Hypertensive heart | Lewiset al. 1999 Retrospective Cumulative exposure. Significant excess in men Standardized | <1, 1-4.999, >5.0 mg/L-years,
disease Utah, USA cohort Means in towns ranged and women mortality ratio |range

from 18.1-164.4 ug/L
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II. Human mortality studies of cardiovascular & renal endpoints (con’t)

Authorslyear & M easur e of
Outcome location Design Exposur e assessment Dose-response association Range of exposures
analysis:
Cerebrovascular Wu et d. 1989 Retrospective Villages with arsenic Significant, adjusted for age, Mortality ratio | <0.3, 0.3-0.59, >.60 mg/L
disease Talwan cohort 1973-1986 | contaminated water Sex
Tsai et al. 1999 Retrospective Townships with arsenic Significant in both sexes, Standardized | 0.78 mg/L,
Taiwan cohort 1971-1994 | contaminated water from adjusted for age, calendar mortality ratio | referents: local county, and
1900’ sto mid-1970’'s year national rates
Peripheral Wu et d. 1989 Retrospective Concentr'ninH in Significant, adjusted for age, Mortality ratio | <0.3, 0.3-0.59, >.60 mg/L
vascular disease Taiwan cohort 1973-1986 | villages with arsenic Sex
contaminated water
“ Tsai et al. 1999 Retrospective Townships with arsenic No dose measure used, Standardized | 0.78 mg/L,
Taiwan cohort 1971-1994 | contaminated water from adjusted for age, sex, mortality ratio | referents: local county, and
1900’'sto mid-1970’'s calendar year national rates

Engel & Smith 1994
USA

Ecologic study at
the county level

Avg concentr'n in H,0O

No clear monotonic dose
response, but elevated risk
a each level >5 ug/L

Standardized
mortality ratio

5-10, 10-20, >20 pg/L

Pulmonary heart Tsai et al. 1999 Retrospective Townships with arsenic No dose measure used, Standardized ] 0.78 mg/L,
disease Tawan cohort 1971-1994 | contaminated water from adjusted for age, sex, mortality ratio | referents: local county, and
1900’ sto mid-1970’'s calendar year national rates
*x Engd et al. 1994
Nephritis, Tsai et al. 1999 Retrospective Townships with arsenic No dose measure used, Standardized ] 0.78 mg/L,
nephrosis Tawan cohort 1971-1994 | contaminated water from adjusted for age, sex, mortality ratio | referents: local county, and
1900’ sto mid-1970’'s calendar year national rates
Lewiset al. 1999 Retrospective Cumulative exposure. Significant excess in men Standardized | <1, 1-4.999, >5.0 mg/L-years,
Utah, USA cohort Meansin towns ranged and women mortality ratio |range

from 18.1-164.4 ug/L

* Adjustment for Blackfoot disease attenuated but did not eliminate the association of arsenic exposure with ISHD

** For further mortdity and morbidity sudies of cardiovascular endpoints, see Table 6, Engel et d. 1994.
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[11. Animal morbidity studies of cardiovascular endpoints

Dose-response analysis | Measure of
Outcome Author s/year Design Exposur e assessment adjusted for: association Exposure level

Animal Studies

Vasoreactivity Bekemeir & Experiment Not applicable — Only one dose group 15 mg/kg, ordly
Hirschelmann 1989 controlled dosing

V asoreactivity Carmignano et a. Experiment “ Only one dose group 50 pg/mL drinking water
1983

Potentiation of $- Only one dose group

adrenoreceptor

stimulation

Stroke volume, Carmignano et al. Experiment Only one dose group 50 pg/mL drinking water

cardiac output 1985

V asoreactivity*

Only one dose group

* after adminigtration of 1soprendine, clonidine, tyramine, etc.
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V. Human mortality and morbidity studies of endocrinologic/metabolic conditions and biomarkers

Author slyear & M easur e of
Outcome location Design Exposur e assessment Dose-response association Range of exposures
analysis:
Diabetes mellitus Tsai et al. 1999 Retrospective Townships with arsenic No dose measure used, Standardized | 0.78 mg/L,
mortality Taiwan cohort 1971-1994 | contaminated water from adjusted for age, sex, mortality ratio | referents: local county, and
1900’'sto mid-1970’'s calendar year national rates
Diabetes mellitus La eta. 1994 Retrospective Cumulative exposure Significant, adjusted for age, Odds ratio 0 (referent), 0.1-15.0, >15.1
incidence Taiwan cohort Duration well water use* sex, BMI, physical activity mg/L-yrs,
0 (referent, 1-10, 11-20, >21
years drinking artesian well
water
“ Rahman et a. 1996 | Retrospective Job in glassworks with Significant in those with Odds ratio No quantitation available
Sweden cohort likely exposure highest exposure, adjusted
for age
“ Tseng et a Prospective Cumulative exposure from Significant, adjusted for age, Hazard ratio <17 mg/L years (referent), >17
2000 cohort, ~2.5years |H,O sex, BMI from Cox mg/L years
Taiwan follow-up model
Glycosylated Jensen & Hansen Retrospective Jobs with arsenic Significant vs. referents Differencein 6-44 nmol/mmol urinary Asin
hemoglobin 1998 cohort exposure (taxidermists, medians creatinine (referents);
Denmark construction workers, 12-295 nmol/mmol (exposed)
wood & electric pylon
impregnators
Gomez-Caminero Prospective Exposed vs. unexposed Significant vs. referents Differencein | <2 ug/L (referent), ~45 ug/L
2001 cohort of town means, odds (exposed)
Chile pregnant women ratio for
>6.5%
Glucosuria Rahman et al. 1999 | Retrospective Avg concentr’nin H,0O Significant, adjusted for age Prevalence <0.5,0.5-1.0,>1.0 mg/L;
Bangladesh cohort Cumulative exposure and sex, using cumulative ratio <1.0, 1.0-5.0, >5.0-10.0, >10.0
exposure mg/L-years
Hepatic function: Hernandez-Zavala | Retrospective Mean water concentration Significant differences, Differencein Means: 14.0 ug/L (referent),
bilirubin excretion, | et al. 1998 cohort in each of three towns adjusted for age, acohoal, means 116 pg/L and 239 pg/L in two
ALP activity Mexico tobacco, pesticides exposed towns

* The andygsfor this exposure metric did not adjust for dl factorsin the next column
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V. Human studies of cancers other than lung and bladder

Author slyear & M easur e of
Outcome location Design Exposur e assessment Dose-response association Range of exposures
analysis:
Kidney cancer Smith et a. 1992 Retrospective Cumulative exposure in Significant, adjusted for age, Rateratio
Taiwan cohort H,O Sex
Liver cancer : 5 : ! : !
Prostate cancer Tsa et al. 1999 Retrospective Townships with arsenic Adjusted for age, sex, Standardized | 0.78 mg/L,
Taiwan cohort 1971-1994 | contaminated water from calendar year mortality ratio | referents: local county, and
1900'sto mid-1970’s national rates
“ Lewiset a. 1999 Retrospective Cumulative exposure. Significant excess Standardized | <1, 1-4.999, >5.0 mg/L-years,
Utah, USA cohort Means in towns ranged mortality ratio |range
from 18.1-164.4 pg/L
Stomach cancer* Tsa et al. 1999 Retrospective Townships with arsenic Adjusted for age, sex, Standardized | 0.78 mg/L,
Taiwan cohort 1971-1994 | contaminated water from calendar year mortality ratio | referents: local county, and
1900'sto mid-1970's national rates
Colon cancer* “
Rectum cancer* * ! * ! * !
Liver cancer* “ “ “ ! “ !
Nasal cancer* ! ! ! ! ! !
Larynged ca*
Skin cancer*
Bone cancer*
Lymphoma*

* Excess observed in both genders. Cancers found in excess in only one gender not included.
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VI. Human morbidity & mortality studies of non-malignant respiratory endpoints

Author slyear & M easur e of
Outcome location Design Exposur e assessment Dose-response association Range of exposures
analysis:
Respiratory Mazumder et X-sectional Current concentration Significant, adjusted for age Prevaence <50, 50-199, 200-499, 500-799,
effects: cough, a.2000 measured in well water & sex, smokers excluded oddsratio >800 pg/L
shortness of West Bengdl, India
breath
Bronchitis Tsal et a. 1999 Retrospective Townships with arsenic Adjusted for age, sex, Standardized | 0.78 mg/L,
Taiwan cohort 1971-1994 | contaminated water from calendar yesar mortality ratio | referents: local county, and
1900'sto mid-1970's national rates
Chronic airways Engel & Smith Ecologic study at | Avg concentr’'nin H,O Adjusted for age, sex, and Standardized | 5-10, 10-20, >20 pg/L
obstruction 1994 county level calendar year mortality ratio
USA
Emphysema
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VII. Human reproductive studies

Author slyear & M easur e of
Outcome location Design Exposur e assessment Dose-response association Range of exposures
analysis:
Spontaneous Nordstrom et al. Retrospective Residentia proximity to a Trend in frequency by Prevaence No quantitation
abortion 1978 cohort of smelter distance of region to smelter ratio
Sweden pregnancies
Nordstrom et al. Retrospective Employment in smelter Highest prevalence among Prevaence
1979 cohort of prior to or during those living near the smelter ratio
Sweden pregnancies pregnancy during or after their
employment
“ Borzsonyi et a Retrospective Concentration in H,O Significant difference Prevaence Low (not quantitated
1992 cohort comparing high vs. low rate difference | referent), 170-330 pg/L
Hungary arsenic region
“ Ahmad et a.2001 Retrospective Concentration in H,O Significant difference Prevaence <20 (referent), >100 pg/L
Bangladesh cohort of Duration of residencein comparing high vs. low rate
pregnancies high arsenic area arsenic region, and for those difference
with longer duration
“ Aschengrau et al. Case-control Concentration in H,0 Trend inrisk Odds ratio <0.8,0.8-1.3,1.4-1.9 pg/L
1989
M assachussetts
Stillbirth v v v v v 5
“ Borzsonyi et al Retrospective Concentration in H,0 Significant difference Prevalence Low (not quantitated
1992 cohort comparing high vs. low rate difference | referent), 170-330 ug/L
Hungary arsenic region
“ Hopenhayn-Rich Retrospective Concentration in H,O Significant difference during Mortality rate |<5 (referent), various levelsto
et al.2000 vital statistics Comparison of two period when exposures were differenceand | >800 pg/L
Chile communities very high ratio
Preterm birth Ahmad et a.2001 Retrospective Concentration in H,O Significant difference Prevaence <20 (referent), >100 pg/L
Bangladesh cohort of Duration of residencein comparing high vs. low rate
pregnancies high arsenic area arsenic region, and for those difference

with longer duration
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VIl. Human reproductive studies (con’t)

Authorslyear & M easur e of
Outcome location Design Exposur e assessment Dose-response association Range of exposures
analysis:
Birthweight Nordstrom et al. Retrospective Residential proximity to Lowest birthweight among Differencein No quantitation
1978 cohort of smelter or employment those living nearest the birthweight
Sweden pregnancies smelter
Low birthweight Hopenhayn et Prospective Concentration in H,O Significantly increased risk Odds ratio for | <2 (referent), 40-50 pg/L
al.2001 cohort & review Comparison of two of low birth weight low
Chile of vital statistics communities birthweight
Congenital Nordstrom et al. Retrospective Employment in the smelter | Higher preva ence of Prevalence “
malformations 1979 cohort of congenital maformations ratio
Sweden pregnancies among employed mothers
Coarctation of the | Zierler et a Case-control Routine monitoring of Above vs. below the limit of Odds ratio < limit of detection (0.8 ug/L),
aorta 1988 water detection, three-fold >limit of detection
M assachussetts increased risk, adjusted for
seven other contaminants,
source of water, maternal
education
Neonatal mortality | Hopenhayn-Rich Retrospective Concentration in H,0 Significant difference during Mortality rate |<5 (referent), various levelsto
et a.2000 vital statistics Comparison of two period when exposures were differenceand | >800 ug/L
Chile communities very high ratio

Postneonatal
mortality

0

0

0

0

0
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VII1l. Human studies of neurologic and neurodevel opmental endpoints

Author slyear & M easur e of
Outcome location Design Exposur e assessment Dose-response association Range of exposures
analysis:
Peripheral Gerr et a.2000 Cross-sectional Dust & soil arsenic Significant trend, adjusted Odds ratio House dust: 1-1200 ug/g
neuropathy Georgia, USA measurements for age, education, sex, Window sill dust: 0.5-192
verbal intellectual score, Attic dust 1.2-2635 ug/g
alcohol Soil 2.0-1845 pg/g
Various " “ “ “ Linear !
neurobehavioral regression
parameters®
Verba 1Q Caderon et a.2001 | Cross-sectional Urinary arsenic Significant inverse Partia <50, 50-100, >100 pug As/g
Mexico correlation correlation creatinine;
coefficient Range: 27.5-186.2 ug/g

creatinine

*Vibrotactile threshold, standing steadiness, tremor intengty
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A Public Health Based Approach to Calculating the Magnitude of Unquantified Health Effects

Several of the analyses of the health effects of arsenic in Taiwan use Standardized Mortality Ratios (SMRs) to compare death rates in villages with high
levels of arsenic in drinking water to death ratesin unexposed areas. The analysis below compares the number of excess deaths due to lung and bladder cancers
(based on SMRs) with excess deaths due to other cancers and due to vascular disease. The goal isto compare the magnitude of excess deaths for endpoints for
which dose-response has not been quantified to excess deaths for endpoints for which dose-response functions exist. This suggests the possible magnitude of
effects that might be established if dose-response functions were estimated.

The spreadsheet in Attachment 1 to Appendix 2.2, performs this analysis using data reported in Wu et al. (1989) and Tsai et a. (1999). For the Wu et
al. datathe basic findings are that (1) cancers other than lung and bladder have similar aggregate excess deaths as the sum of lung plus bladder cancer excess
deaths, and (2) vascular deaths are comparable in number to the sum of lung plus bladder cancer excess deaths. This suggests that the total mortality effect at
the high exposure levelsin the Wu et al. study is about three times the effect of the previously quantified lung and bladder cancers. For the Tsal et al. data, the
basic findings are similar for total excess cancer deaths—about double those from lung plus bladder cancer by themselves. However, the vascular excess deaths
for these data are just over half the excess deaths from lung plus bladder cancers. This apparent difference from the Wu et a. results may be related to the fact
that more of the Tsal et al. data are from a somewhat later period relative to the end of exposure than the earlier Wu et al. data. One possible interpretation of this
isthat the vascular deaths may tend to have a shorter average lag time relative to exposures than the cancer deaths.
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Attachment 1 to Appendix 2.2

Analysis of Data of Wu et al. for the Population Aggregate Excess Deaths from Various Causes
(Mortality from 1973-1986)
A. Datafrom Tables 3 and 4 (all data are age-adjusted mortality per 100,000 per year)

Males
Females-
<.3mg/L .3-.59 mg/L ?.6 mg/lL <.3mg/L 3-.59mg/L ?.6 mg/lL
Cancers
All stes 224.56 405.12 534.61 162.22 271.2 487.2
Bladder 22.64] 61.02 92.71 25.6 57.02 111.3
Kidney 8.42) 18.9 25.26 3.42 19.42 57.98
Skin 2.03 14.01 32.41 1.73 14.75 18.66
Lung 49.16 100.67 104.08 36.71] 60.82 122.16
Liver 47.78 67.62 86.73 21.4 24.18 3175
Prostate 0.95 9 9.18
Leukemia 4.87| 6.52 2.69 3.03 455 0.00
Nasopharynx 3.58 8.16 8.58 1.59 5.81 4.89
Esophagus 7.62 9.37 6.55 1.83 3.64 0.00
Stomach 25.66| 17.82 56.42 6.71] 18.72 5.98
Colon 7.94 8.3 12,51 9.05 8.16 17.21
Uterine Cervix 0.91 5.46 3.92
Unidentified sites 43.91 83.73 97.49 50.24 54.67 113.35
Vascular Diseases
All vascular diseases 364.1] 421.47 572.68 277.5 370.79 386.41
Peripheral vascular diseases 2254 57.8 60.4 18.2 48.00 35.82
Cardiovascular diseases 125.87| 153.98 259.51 91.14 153.07 144.74
Cerebrovascular accidents 137.8 145.36 175.72 92.42 98.11 120.68
Unidentified vascular disease 77.89 64.33 77.05 75.74 71.61 85.17
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B. Excess Death Rates/100,000 Over <.3 mg/L Group

Males Femdes Mean, Both Sexes Ratio to Lung+Bladder
Ca
350mgL | 2.6mgl | 350mglL | 2.6mgL [ .359mgL | 2.6mgL | .3.59 mgiL | 2.6 mg/L
Cancers
All sites 180.56 310.05] 114.98 324.98 147.77 317.52 2.03 2.14
Bladder 38.38 70.07| 3142 85.7 34.9| 77.69 0.48 053
Kidney 10.48 16.84) 16 54.56 13.24 35.70 0.18 0.24
in 11.98 30.38]  13.02 16.93 125 23.60 0.17 0.16
Lung 5151 5492 2411 85.45 37.81 70.19 0.52 0.47
Liver 19.84 38.95 2.78 10.35 11.31 24.65 0.16 0.17
Prostate 8.05 8.23 0 0 1025 7.1 0.06 0.03
Letkemia 1.65 -2.18 152 -3.03 1.585 -2.61] 0.02 -0.02
Nasopharynx 258 5 127 33 17 215 0.06 0.03
Esophagus 1.75 -1.07 1.81 -1.83 1.78] -1.45 0.02 -0.01
Stomach -7.84 30.76] 12.01 -0.73 2.085 15.02) 0.03 0.10
Colon 0.36 457] _ -0.89 8.16 ~0.265, 6.3 0.00 0.04
Uterine Cervix 0 0 455 3.01 2.275| 1.51 0.03 0.01
Unidentified Sites 39.82 53.58 2743 63.11 22.13] 58.35 0.30 0.39
Vascular Diseases
Al Vascular 01 Seases Sral 20858 93.20 108.91 s EENE O/
Peripheral vascular diseases 35.26 37.86 29.8 17.62 32.53_| 27.74 0.45 0.19
Cardiovascular diseases 28.11 133.64] 6193 53.6 75.02 93.6 0.62 0.63
Cerebrovascular accidents 7.56 37.92 5.69 28.26 6.625 33.09 0.09 0.22
Unidentified vascular disease -13.56 084 -413 9.43 -8.845 4204 012 0.03

Wu, M. M., Kuo, T. L., Hwang, Y. H., and Chen, C. J. Dose-response relation between arsenic concentration in well water and mortality from cancers and
vascular diseases. Am J. Epidemiology 130:1123-1132
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Analysis of Population Aggregate Excess Deaths from Various Causes from the Data of Tsai et al. (All mortality data are for 1971-1994--after nearly all phase-
out of thearsenicin drinking water exposurein the mid-1970's. Expected deaths are based on the local comparison group.)

A. Numbersof Deathsfor Men

Numbers of Deathsfor Men
Observed Expected SMR 950 LCL SMR | 95% UCL EXCESS Ralio t0 Lung +
SMR Deaths Bladder Ca
All Causes 11193 8265.76 1.32 1.29 1.35 2927 3.90
Cancers
All sites 2774 1263.95 2.19 211 2.28 1510 201
Oral 23 20 3 0.00
Pharyngeal, except NPC 24 17.75 6 0.01
Nasopharyngeal 60 50.59 9 0.01
Esophagus 69 41.2 1.67 1.3 212 28 0.04
Stomach 195 143.84 1.36 117 1.46 51 0.07
Intestine 15 7.15 8 0.01
Colon 91 61.05 30 0.04
Rectum 46 31.96 14 0.02
Liver 631 345.27 1.83 1.69 1.98 286 0.38
Gallbladder 13 11.68 1 0.00
Pancreas 30 24.57 5 0.01
Nasal 40 13.3 3 214 4,09 27 0.04
Laryngea 30 16.81 1.78 12 2.55 13 0.02
Lung 699 225.39 31 2.88 3.34 474 0.63
Bone 41 16.64 2.46 1.77 3.34 24 0.03
SKin 66 13.65 4.83 3.74 6.15 52 0.07
Breast
Cervica
Ovary
Prostate 48 19.07 252 1.86 334 29 0.04
Bladder 312 34.99 8.92 7.96 9.96 277 0.37
Kidney 94 13.91 6.76 5.46 8.27 80 0.11
Brain 19 15.03 1.26 0.76 1.97 4 0.01
Lymphoma 56 34.4 1.63 1.23 211 22 0.03
Leukemia 67 50.07 1.34 1.04 17 17 0.02
Diabetes mdllitus 188 139.69 1.35 1.16 155 48 0.06
All listed vascular diseases 2563 2193.62 1.17 369 0.49
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Hypertension 158 216.83 0.73 0.62 0.85 -59 -0.08
Ischemic heart disease 445 254.68 1.75 1.59 1.92 190 0.25
Pulmonary heart disease 33 65.39 0.5 0.35 0.71 -32 -0.04
Heart disease 534 503.37 31 0.04
Cerebrovascular disease 1286 1123.26 114 1.08 121 163 0.22
Vascular disease 107 30.09 3.56 291 4.3 77 0.10
Bronchitis 157 106.38 1.48 1.25 1.73 51 0.07
Emphysema 31 38.09 -7 -0.01
Asthma 147 166.13 -19 -0.03
Liver cirrhosis 428 360.05 1.18 1.08 1.31 68 0.09
Nephritis, nephrotic syndrome, 206 176.01 117 1.02 134 30 0.04
nephrosis

Congenital anomalies 86 75.68 10 0.01
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B. Numbersof Deathsfor Women

Observed Expected SMR 95% LCL SMR| 95% UCL Excess Ratio to Lung +
SMR Deaths Bladder Ca

All Causes 8875 6329.72 14 1.37 143 2545 4.03
Cancers

Al gtes 2029 843.9 2.4 2.3 2.51 1185 1.88
Ordl 12 7.46 5 0.01
Pharyngesal, except NPC 10 4.24 2.36 1.13 4.34 6 0.01
Nasopharyngeal 29 31.13 -2 0.00
Esophagus 12 7.59 4 0.01
Stomach 111 79.46 14 1.15 1.68 32 0.05
Intestine 8 5.81 2 0.00
Colon 83 58.47 1.42 1.13 1.76 25 0.04
Rectum 33 21.98 15 1.03 211 11 0.02
Liver 224 119.28 1.88 1.64 214 105 0.17
Gallbladder 11 12.18 -1 0.00
Pancreas 19 19.75 -1 0.00
Nasal 29 5.82 4.98 3.33 7.15 23 0.04
Larynged 13 2.73 4.76 2.53 8.15 10 0.02
Lung 471 114.02 4.13 3.77 452 357 0.57
Bone 34 15.11 2.25 1.56 3.14 19 0.03
Skin 68 11.96 5.68 441 7.21 56 0.09
Breast 47 46.48 1 0.00
Cervicd 122 96.09 1.27 1.05 1.52 26 0.04
Ovary 15 13.78 1 0.00
Prostate

Bladder 295 20.96 14.07 12,51 15.78 274 0.43
Kidney 128 14.4 8.89 7.42 10.57 114 0.18
Brain 21 11.99 1.75 1.08 2.68 9 0.01
Lymphoma 35 20.57 17 1.18 2.37 14 0.02
Leukemia 40 37.36 3 0.00
Diabetes mellitus 343 221.72 1.55 1.39 172 121 0.19
All listed vascular diseases 2462 2077.06 1.19 385 0.61
Hypertension 239 198.69 1.2 1.06 1.37 40 0.06
Ischemic heart disease 283 197.02 144 127 1.61 86 0.14
Pulmonary heart disease 27 51.18 0.53 0.35 0.77 -24 -0.04
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Heart disease 493 511.25 -18 -0.03
Cerebrovascular disease 1352 1089.41 124 1.18 131 263 0.42
Vascular disease 68 29.51 2.3 1.78 2.93 38 0.06
Bronchitis 148 96.55 1.53 1.3 1.8 51 0.08
Emphysema 16 13.96 2 0.00
Asthma 103 123.14 -20 -0.03
Liver cirrhosis 164 157.71 6 0.01
Nephritis, nephrotic 196 168.39 1.16 101 1.39 28 0.04
syndrome, nephrosis

Congenital anomalies 70 59.96 10 0.02
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C. Men and Women Combined

Excess Deaths Ratio to Lung + Bladder Ca

All Causes 5473 3.96
Cancers

All sites 2695 1.95
Ora 8 0.01
Pharyngeal, except NPC 12 0.01
Nasopharyngeal 7 0.01
Esophagus 32 0.02
Stomach 83 0.06
Intestine 10 0.01
Colon 54 0.04
Rectum 25 0.02
Liver 390 0.28
Gallbladder 0 0.00
Pancreas 5 0.00
Nasal 50 0.04
Larynged 23 0.02
Lung 831 0.60
Bone 43 0.03
Skin 108 0.08
Breast 1 0.00
Cervica 26 0.02
Ovary 1 0.00
Prostate 29 0.02
Bladder 551 0.40
Kidney 194 0.14
Brain 13 0.01
Lymphoma 36 0.03
Leukemia 20 0.01
Diabetes mellitus 170 0.12
All listed vascular 754 0.55
diseases

Hypertension -19 -0.01
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Ischemic heart disease 276 0.20
Pulmonary heart disease -57 -0.04
Heart disease 12 0.01
Cerebrovascular disease 425 0.31
Vascular disease 115 0.08
Bronchitis 102 0.07
Emphysema -5 0.00
Asthma -39 -0.03
Liver cirrhosis 74 0.05
Nephritis, nephrotic 58 0.04
syndrome, nephrosis

Congenital anomalies 20 0.01
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