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Dear Ms. Browner:

This report presents the results of areview by the Drinking Water Intake Subcommittee, a
gpecia subcommittee established by the EPA Science Advisory Board (SAB) Executive Committeein
response to arequest from the Agency’ s Office of Water to review its report entitled Estimated Per
Capita Water Consumption in the United States. The review was carried out during two meetings
with representatives of the Agency during July 1999. The Subcommittee concluded that the EPA
report will be an important reference with extensive utility both insde and outside the Environmenta
Protection Agency. In addition, the Subcommittee believes that the U.S. Department of Agriculture's
(USDA) Continuing Survey of Food Intake by Individuas (CSH1) was the best available information
source for the Agency to usein developing its estimates of drinking water ingestion by the U. S.
population. The CSHI dso provides avalid data set for estimating water ingestion for a limited number
of subgroups within the population. However, the Subcommittee has concerns about the descriptive
nature of the EPA report because it contains no explicit discussion of how these estimates might
reasonably be used by the Agency inits scientific assessment and policy condderations.



Even though the report will be invaluable in providing information about the distribution of water
consumption among the generd population, it may be of limited value in providing information about the
drinking water consumption of certain subpopulations that may be of interest to the Agency and to
other users of the report. However, thislimitation is due to the characteritics of the CSFII survey and
not because of the Agency's analysis and interpretation of the data. The CSHII survey was aimed at
characterizing the food intake of the generd population and was not designed to gather information on
specific subgroups or stuations (e.g., very young children, Native Americans, individuals with diseases
which impact their water consumption or workersin hot environments). As aresult, dthough specific
groups of interest are represented in the survey in proportion to their occurrence in the genera
population, the information needed to identify them may not be present and, even when it is, the sample
szes in the subgroups that can be identified are often too small to provide useful information on their
water intake (e.g., for young children in certain ethnic or socioeconomic groups). Further, even though
Native Americans are represented in the survey, the information gathered in CSHII does not alow one
to differentiate which of the Native Americans who were included in the survey follow traditiona Native
American culture and lifestyle and which of them practice contemporary urban and suburban lifestyles.

Severa approaches are possibleif the Agency finds that it needs information on the distribution
of water intake in subgroups, or for Stuations that are not adequately described by CSFIl. Oneisto
commission specid surveys designed to gather the needed information about these groups. A second
gpproach would be to rely on current understanding of the physiologica need for water by individudsin
different Stuations (e.g., developmenta stages, physiologica sates, or environments) to characterize the
likely water consumption and then to couple this information with survey information on the digtribution
of these developmenta stages, physiologica dates, and environments in the population.  Each
approach has its strengths and weaknesses.

The draft report could be considerably strengthened, and the potentia for misinterpretation of
its findings could be reduced subgtantidly, if the Agency provided information on the Satigtica
ggnificance of differencesin water consumption between mgor subgroups of the population. Without
such information, users of the report may be inclined to emphasize the differences in water consumption
among subgroups which may in fact be artifacts of smdl sample Szes.



The SAB is prepared to provide additional review and assistance as EPA further develops
these estimates. We look forward to the response to these comments from the Assistant Administrator
for the Office of Water.

Sincerdy,
/sgned/
Dr. Joan M. Daisey, Chair
Science Advisory Board
/S gned/ Isgned/

Dr. Henry Anderson, Co-Chair Dr. Richard Bull, Co-Chair
Drinking Water Intake Subcommittee Drinking Water Intake Subcommittee
Science Advisory Board Science Advisory Board



NOTICE

This report has been written as part of the activities of the Science Advisory Board, a public
advisory group providing extramurd scientific information and advice to the Adminigrator and other
officids of the Environmenta Protection Agency. The Board is structured to provide balanced, expert
assessment of scientific matters related to problems facing the Agency. Thisreport has not been
reviewed for approva by the Agency and, hence, the contents of this report do not necessarily
represent the views and policies of the Environmental Protection Agency, nor of other agenciesin the

Executive Branch of the Federd government, nor does mention of trade names or commercid products
congtitute a recommendation for use.

Distribution and Availability: This Science Advisory Board report is provided to the EPA
Adminidrator, senior Agency management, gppropriate program staff, interested members of the
public, and is posted on the SAB website (www.epa.gov/sab). Informetion on its avallability isaso




provided in the SAB’s monthly newdetter (Happenings at the Science Advisory Board). Additiona
copies and further information are available from the SAB daff.
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1. EXECUTIVE SUMMARY AND CONCLUSIONS

The U. S, Environmental Protection Agency’s (EPA) Science Advisory Board (SAB) was
asked to perform a peer review of the Agency report Estimated Per Capita Water Consumption in
the United States (heresfter referred to as the Report). The SAB Executive Committee established the
Drinking Water Intake Subcommittee (DWIS) to conduct thisreview. The DWIS reviewed the Report
during two meetings. one, a telephone conference mesting, on July 8, 1999 and the other, aface-to-
face meeting, on July 19 to 20, 1999. Mgor Subcommittee comments on the EPA Report are
contained below in this SAB report. Specific responses to the 11 charge questions are provided in
Appendix A to this SAB report.

EPA is commended for seeking out databases that can be used for estimating ingestion of
drinking water on a nationa scale. The database sdected as the anaytic basis for the report, the U. S.
Department of Agriculture' s Continuing Survey of Food Intake by Individuds (heregfter, the CSHI or
the Survey), isthe best available and has critica attributes that alow advancement of our understanding
of ingestion of water by the genera population of the United States. The Agency’s effortsto develop
ingestion estimates from the CSFI survey data were sgnificant.

The committee believes that the EPA Report will be an important reference resource with
extengve utility both within and outsde the Agency. However, the following issues must be consdered
if the Report isto achieveits full potentid.

1.1 EPA’sgoalsand objectives as stated for this Report, and the analysesit contains,
weretoo limited.

The Subcommittee is concerned that the Report is only descriptive and that it does not explicitly
discuss how the estimates might be reasonably used. The Agency has both scientific and policy reasons
for estimating water ingestion for the overdl population, and for subpopulations, that are not discussed
in the report. Some of these respond to the statutory mandate in the Safe Drinking Water Act. But
there are other needs for information on drinking water intake in risk assessment and regulation which
involve establishing default values for water ingestion, estimation of risks to highly exposed and/or
sengtive subpopulations, and characterization of the distribution of individud risks or the impacts of
gpecific control strategies. Important implications to these uses are not discussed in the current report.

EPA often uses default vaues for water ingestion levels when it develops dloweable
concentrations for contaminantsin drinking water. The Subcommittee is encouraged that this EPA
report provides information that will permit analysts to use specific data for water ingestion in many
future Stuations where alowable concentrations must be developed. For others, the Report will
provide assstance for developing information on the digtribution of drinking water ingestion by
individuas that includes new information and the relationship of ingestion to factors such as age, gender,
and disease status.



While the report does a good job of characterizing the distribution of drinking water
consumption in the entire US population, and in the mgjor subdivisons of the US population (i.e., by
age, X, race, and geographic region), it does not provide the information that some users may want on
drinking water ingestion by smaler subpopulations. Further, certain groups may have higher than
norma water ingestion levels or they may be more sengtive to the effects of contaminantsin drinking
water. Examples of these would include very young children and workers in hot and/or dry climates.

This limitation exists because the CSFlI data upon which the Agency rdlied for generating its
estimates were collected in an effort to characterize the patterns of food consumption in the generd
population. They did not target certain subgroups that are now of heightened interest to EPA.
Therefore the samplesin certain subgroups are so small that the CSFII estimates of water consumption
in these groups may be quite imprecise. Compounding this problem is the Report’s omisson of
datistical confidence intervas for most of the ingestion estimates among subgroups of the population. I
legidative mandates or regulatory anaysis require information on the water consumption of these
subgroups, further sudies will be needed.

Many of the results presented in the report may be sensitive to assumptions made during data
andyss. Examples of such data andys's conventions include the choice of regiona boundaries and the
assgnment of a principa source for ingested water. Currently the report does not include a section
andyzing the sengitivity of key resultsto these assumptions.  The Subcommittee urges the Agency to
conduct asengtivity anadlyss and to add a section to the report describing the key findings from the
sengtivity andyss.

Another key issue influencing the interpretation of the CSFIl datais the choice of averaging
time. We know that in many other settings (e.g., ar pollution exposure assessment) heterogeneity tends
to decrease as averaging timeincreases. The exact nature of the relationship between averaging time
and observed heterogeneity depends on the features of the data being explored. For certain purposes
(e.g., cancer risk assessment) the population distributions of long term average exposures may be of
interest. The current EPA report provides information about drinking water intake averaged over
TWO days. Therefore, to minimize the potential for misuse of the data in the EPA Report, users might
benefit if the Agency clearly stated the averaging time on al tables and graphsin the report. Further, it
may be necessary to more fully explore the sengtivity of results to dternative choices of averaging time.

Therefore, the Subcommittee recommends that the EPA Report discuss the characteristics of
the EPA methods for estimating ingestion, and the USDA method for conducting the CSFII, that have
important implications for those who must use the ingestion data.



1.2  TheEPA Report should state that EPA did not have information that would allow
calculation of confidence intervalsfor sub-populations.

A discussion point for the subcommittee centered on the question of whether it was gppropriate
to provide data without meaningful confidence intervals. The design of the CSHII survey requires use
of an ultimate cluster methodology which is an aggregate of sampled persons within each primary
sampling unit. Smaller subpopulations within the sample (e.g., the less than one year olds) did not meet
these criteria. This prevents the caculation of confidence intervals using the ultimate cluster
methodology. It would be good to clarify this point for the readers of the report.

1.3  TheAgency should develop a strategy for the analysis, presentation and inter pretation
of the Report’sdatathat isconsistent with the intended uses of the data.

The Agency has taken a purely descriptive gpproach to the analysis and presentation of data.
This results in numerous tables containing drinking water ingestion estimates for many conceiveble
combinations of atributes examined (e.g., Native American maes by age group and by geographic
region, etc.). Whilethis superficidly exhaustive presentation of data may seem attractive, the
Subcommittee is concerned that this strategy for andysis, interpretation, and presentation of the dataiis
inadequate and potentialy mideading. We urge the Agency to develop agtrategy for data analysis
which, a aminimum, provides only those estimates of drinking water intake for which estimates of
uncertainty can dso be developed, and preferably which includes forma hypothess tests of the
sgnificance of differencesin the water consumption of various groups. Further, the number of tables
presented in the report should be substantialy reduced and limited to only those which support Agency
needs and for which valid estimates of precison can be provided. If the Agency fedsthat certain
tables for which vaid estimates of precison can not be produced are necessary, this fact should be
prominently displayed on each such table.



2. INTRODUCTION AND CHARGE

The Drinking Water Intake Subcommittee was asked to conduct a peer review of the Agency
Report that provides estimates of per capitawater intake in the United States. The Report contains
estimates of the amount of direct and indirect water consumption. Direct water consumption is defined
as plain water consumed directly as abeverage. Indirect water isthat water added to foods and
beverages during find home or restaurant preparation.

Empirica distributions of estimated water consumption were generated by water source and by
the respondent’ s demographic and physical characteristics. Water sourcesinclude: @ the community
water supply, b) bottled water, ) other sources including the respondent’s own well, rain cistern,
spring, or public spring. Physical and demographics characteristics include: age, gender, race,
socioeconomic status, and geographic region.  Estimates were aso generated separately for pregnant
and lactating women.

The didributions of estimated water ingestion include point estimates of the mean and the
following percentiles: 14, 5th, 10th, 25th, 50th, 75th, 90th, 95th, and 99th. Confidence intervals for
the mean and bootstrap intervals for the upper percentiles are provided for only the larger
subpopulations.

The charge to the Drinking Water Intake Subcommittee from the Office of Science and
Technology, US EPA Office of Water included the following questions:

a) The digtributions of estimated water intake were generated using sandard Satistical
methodology for surveys with complex designs such asthe 1994-96 CSHII. Isthe
satistical methodology used to generate the estimates appropriate? Should we
consder rounding?

b) We have limited the calculation of confidence intervals about the mean and boot strap
intervasfor percentiles to the distributions for the larger sub-populations. The complex
sample design makes the calculation and interpretation of results for smaler sub-
populations virtudly impossible to caculate and interpret. Isthis an appropriate
decison?

C) The CSHII survey is based on short-term survey data. Upper percentile estimates may
differ for short-term and long-term data because short-term survey data tends to be
inherently more variable. 1sit gppropriate to report upper percentile estimates such as
the 99th percentile?

d) Are the data conventions used to identify direct and indirect water appropriate?
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h)

)

K)

Do the data support estimates of sub-population digtributions?

We have provided distributions of estimated water intake for numerous sub-
populations. Should any additiona sub-populations be added? Should any be
excluded? Specify sub-populations.

USDA has identified two types of indirect water in foods. They are:
i. Theamount of water in food as consumed.
ii. Theamount of water used to prepare food.
The water intake report provides estimates of the amount of indirect water in food as
consumed. If resources permit, we could expand our report as a future addendum to
include estimates of the amount of indirect water used to prepare food. Would this be
desirable?

Additiona water intake estimates associated with types of food may be useful for
specific risk-exposure analyses, e.g., cold beverage intake. Such andyses are feasble
using the CSHII data. We could expand our report as a future addendum if resources
permit. Are any such targeted analyses of sgnificant interest at thistime?

Intringc water is the water contained in foods and beverages at the time of market
purchase. Intrinsic water includes commercial water (added to food products by food
manufacturers) and biologica water (found naturdly in foods). Intrinsc water is not
included in our current andyss. If resources permit, we could expand our report asa
future addendum to includes estimates of intrindc water. Would this be desirable?

What are the scientific limitations to the use of the water consumption estimates
provided in this report (i.e., what other issues has the Subcommittee noted with the
estimates that are not covered elsewhere)?

The water intake estimates provided in this report are based on dl respondents,
including those who did not report consuming water during the two survey days. If
resources permit, we could also generate estimates of water consumption which
exclude the zero consumers of water. We noticed that for some sub-populations,
especidly the less than one-year-old infants, a substantia proportion consumed zero or
minima amounts of tap water per day (presumably those who were breast fed or drank
undiluted formula or milk); these zero consumers of water can contribute to lower
estimates. Would this be desirable?



3. SUBCOMMITTEE COMMENTS
31 General Comments

The Drinking Water Intake Subcommittee (DWIS) of the EPA Science Advisory Board (SAB)
has reviewed the Agency’ s report entitled Estimated Per Capita Water Consumption in the United
Sates during two mesetings. one on July 8, 1999 and the other on July 19 to 20, 1999. Specific
responses to the Agency’s charge questions are provided in Appendix A to this SAB report.

EPA used the Continuing Survey of Food Intake by Individuas (CSHI) as its data source for
usein deriving its drinking weter ingestion estimates. EPA is commended for seeking out databases
that can be used for estimating drinking water ingestion for the population a anationd scale. Thiswas
the best data source available and it had critica attributes that alow advancement of our understanding
of drinking water ingestion in the generd U. S. population and the Agency made good use of the data.
Severd strengths of the USDA 1994-96 CSFII database are worth highlighting.

a) The database is large, recent, and it is a population based survey.
b) The database permits the categorization of various sources of ingested water.

C) The convention used to estimate the fraction of water in each food as consumed was
stientificdly defensble.

d) The database permits a breakdown of the US population into some magor groups
based on age, gender, specid populations of females, regions, and broad classifications
of ingested water source.

The committee believes that the EPA Report will be an important source of information on
drinking water ingestion. The report will enjoy extensve use as areference resource for those within
and outsde of the Agency.

Even though this report will alow EPA to better understand contaminant exposures associated
with drinking water ingestion it does not, nor was it intended to, provide indgght into exposure to
drinking water contaminants associated with derma exposure (e.g., during bathing or showering).
Further, even though it provides estimates for some combinations of attributes, many such attribute
combinations are possble. Most of these are not included nor could all possible combinations of
potentia interest be covered (e.g., infants who live in hot climates and have hedlth conditions which
affect water intake). Therefore, to fully estimate contaminant exposures associated with drinking water,
EPA will need to go beyond projections that are based soldly on information contained in this specific
Report.



Notwithstanding the strengths of the Survey and the EPA Report noted above, the
Subcommittee does have a number of concerns with the Report. If the Report isto achieveitsfull
potentia there are a number of issues that require further attention. These are discussed in Sections 3.2
through 3.4 that follow.

3.2 EPA’sgoalsand objectives as stated for thisReport, and the analysesit contains, are
too limited.

The report was constructed only as a descriptive report without an explicit discussion of how
the estimates in the Report might reasonably be applied by users. The subcommittee has severd
recommendations for revison to address this current shortcoming:

a) The Report needs a prominent and early explanation of the logic used in the survey
design and in the andyses used to develop the Agency’ s eimates. This explanation
should be understandable by the educated layperson. Thisis not a criticism of the
technical logic used in the analydis, rather, it Smply recognizes that most users of these
estimates will not have the specidized knowledge of Statistics needed to understand
fully the approach used.

b) The report must provide a much clearer indication of which estimates are reliable and
which ones are not asrelidble. The extensive tables of satistics that appear to break
down the population to severa subgroups provide potentia users of the datawith a
fase sense of security about the precision of the estimates. This practicaly guarantees
that the results will be applied in ways not supportable by the database.

The Agency has both scientific and policy reasons for estimating water ingestion in the overdl
population and in subpopulations of interest. Some of these come from the statutory mandates of the
Safe Drinking Water Act (SDWA), but others come from the broader environmenta hedth community,
such as @) risk assessment; b) development of default vaues, and ¢) sendtive subpopulations. The
implications of the survey characteristics and the analyses supporting EPA’ s estimates on these uses of
the ingestion estimates are not sufficiently discussed in the Report.

Risk assessments are scientifically-based efforts to estimate the impact that exposureto a
contaminant, or groups of contaminants in water, may have on human hedth. For waterborne risk
scenarios, it isimportant to congtruct as complete a picture of water ingestion asis possible. Some of
the digtinctions in the present estimates limit that capability. For example, asthe Agency rightly points
out, direct and indirect water represent only part of potentia tap water ingestion (and therefore
exposure to waterborne contamination). Commercid water (that water added by the manufacturer
prior to marketing—not now included in the EPA estimates) is frequently taken from tap sources,
athough these are frequently far removed from the point of consumption. This does not mean that the
estimates obtained from the present study cannot be used in developing risk assessments, but part of



the exposure assessment may have to obtain broader categories of water source than are identified in
the present andysis of the data. Such limitations in the tabular data need to be clearly stated in the

report.

Inits current configuration, the report provides estimates that are composites of both those who
reported drinking water during both survey days and those who reported drinking none on those days.
As EPA noted in its charge to the Subcommittee, this could result in underestimates of drinking water
ingestion. EPA traditiondly uses a default vaue for water ingestion when converting a* safe dose”
(mg/kg/day) to enforceable concentration limitsin drinking water. The Report permits EPA to use
improved dataiin developing such limits. However, the Subcommittee believes that such analyses
should focus on those portions of the population that actually ingest drinking weter. The estimates
needed in this circumstance should not be diluted by including large numbers of individuals that reported
no water ingestion during the survey (see Question 11 in Appendix A). Inits current configuration, the
report provides only the diluted estimates. Ingestion estimates should be developed by EPA to reflect
only those who actually reported water ingestion as well as the current composite Stuation. When
aufficient data are available to estimate confidence intervals, these Survey data can be used to develop
default vaues,

Some subpopulations of interest are adequately represented in the report (e.g., pregnant
women) but others identified included too few representatives (e.g., children of Native Americans).
For this reason, the Subcommittee strongly recommends that the Report make explicit the limitations of
the estimates. The breakout of pregnant and lactating women provides a least a Sarting point for
defining the amount of water that is consumed by populations that may have specid sendtivities. There
are a'so some data that can be used to estimate water consumption by individuas of varying age.
However, it isimportant to recognize and identify the limitations of these datafor smdler populaions
(e.g., children of Native Americang Alaskans). In addition, other populations could be identified that
consume higher amounts of water (e.g., diabetics and individuas with kidney disease) that, while not
rare in the overal population, are well below the statistical power of the Survey to detect. If there are
not sufficient data to support development of reatively robust measures of confidence, the use of the
data to describe water ingestion by these smdler subgroups would be mideading and do a disservice to
these groups. If these groups are to be a source of particular concern in the Agency’ s regulatory
agenda, surveys should be conducted that are adequate to support such estimates.  Some other data
sources might be superior for such purposes (e.g., NHANES).

The report provided ingght into the 1.0 liter/10 kilogram default vaue for ingestion of drinking
water by children that is currently used by EPA. The andysis presented in the EPA report shows that
water consumption per unit body weight is very high a birth and fdls off sharply with age. The
Subcommittee is encouraged that the EPA Report now provides information that will permit anadyststo
use specific data for water ingestion in many future instances where alowable concentrations must be
developed. For others, the Report will provide a better basis for developing reasonable defaults.



In the Agency’ s derivation of maximum contaminant limit gods (MCLGs) the mathematicd
operation essentidly converts consumption to mi/kg/day, the Subcommittee believes that thereis
ggnificant value to be gained from expressing estimates in these units as well as volume ingested. When
shown in such units, the red differencesin water consumption by age become much more gpparent than
when given as volume mesasures done. MI/kg/day figures are best used until ingestion stabilizes and
then the daily volume becomes equaly appropriate.

Clearly, the EPA Report is not intended to answer questions about other critical subpopulations
(e.g., workersthat consume very large quantities of water because of the exertion involved in ther
work or because of working in hot and/or dry climates). This points to an opportunity for future work
inthisarea. Some of thisinformation may areedy be availablein the literature. If not such efforts could
involve designing ardatively smple hypothesis and modd of the determinants of water ingestion. Some
independent variables for such amodd of water ingestion could include: @) leve of effort or metabolic
rate; b) average ambient air temperature; ¢) average ambient reative humidity; d) body weight; and
eage.

Describing and capturing data for these predictor variables, and subsequent water ingestion for
subpopulations that share common (and relatively narrow) ranges of these variables, could lead to the
identification of the subpopulations of grestest concern for contaminant exposures through drinking
water. It might dso lead to the development and vaidation of a comprehensive modd for the
prediction of water ingestion from such parameters. The resulting Smple hypothesis and mode of the
determinants of water ingestion could be used genericaly because it would reflect water needs of
individuds. In someindividuas mog, if not dl, of that water requirement might come from tap weter.
Those are the persons that the SDWA is intended to protect. If more accurate estimates of actua
drinking water ingestion are needed, appropriate data could be collected by targeted surveys. The
results could dways be benchmarked againgt the basic water needs of individuas under different
physologica conditions.

The vaue of some of the tabular distributions provided in the andysisis not clear. For
example, water ingestion was provided by region. The Subcommittee' s agrees with the need for
regiona estimates; however, the palitica regionsidentified in the Agency Report were probably too
large. Thewithin region variability of ingestion is probably much larger than that between regions.

It isimportant to emphasize that risk isafunction of both exposure and sengtivity. Sengtivity is
determined by genetics, developmenta stage (old as well as young), lifestyle, and preexisting disease
conditions that are not addressed in the Report. The Agency should smply point out that these other
determinants of sengitivity are not addressed in the report.

3.3  TheEPA Report should state that EPA did not have information that would allow



calculation of confidence intervalsfor sub-populations.

A discussion point for the subcommittee centered on the question of whether it was appropriate
to provide data without meaningful confidence intervals. The design of the CSHII survey requires use
of an ultimate cluster methodology which is an aggregate of sampled persons within each primary
sampling unit. Smaler subpopulations within the sample (e.g., the less than one year olds) did not meet
these criteria. This prevents the caculation of confidence intervals using the ultimate cluster
methodology. It would be good to clarify this point for the readers of the report.

34  TheAgency needsto develop a strategy for the analysis, presentation, and
inter pretation of data that is consistent with theintended uses of the data.

The report should contain a description of the methodology used for andlyzing the data. This
would better explain the approach employed for those who are not experts in the sophisticated
datistical techniques. In addition, the report should contain a strategy for future anayses of the data
including some hypothesis testing.

Data vdidation and quality assurance procedures used in the development of the report should
be prominently documented, with especid attention to conventions that were developed to handle some
of the data

The presentation of numerous tables containing estimates developed in the Agency andysis are
clearly not gppropriate for many of the gpplications the Agency will have for thisinformation. Tables
should be subgtantialy reduced. Instead of numerous tables with estimates having unknown confidence
levels the report should be limited to tables with estimates that support agency needs and for which
vaid estimates of reliability can be provided. These tables should be displayed in a useful way with
sgnificant figures gopropriate to the leve of precison in the estimates. The text surrounding these fewer
tables should make clear the limitations of the estimates and whether they can be applied with
confidence to evauations of the subpopulations with which they are identified.

For example, the Subcommittee had very little confidence that the data reported for Native
Americans reflected a Native American lifestyle (see Question 6 in Appendix A). Thereis adifference
between “race’ and “lifestyle’. The reasonsfor different intake rates primarily reflects lifestyle
(secondarily SES), and probably not race per se. If the Agency is convinced that this data reflects such
alifestyle, it should explain the rationae supporting the concluson. A contrary conclusion should aso
be clearly explained.

Similarly, separate tables should be provided reflecting ingestion estimates for those
respondents reporting water ingestion during the two days captured in the CSFII. This should bein
addition to tables that reflect estimates based on a composite of respondents reporting tapwater
ingestion and those who did not report such ingestion. Both sets of analyses provide important
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perspectives depending upon the use that the datawill be gpplied to by the Agency. There are also
good reasons to display datain both in terms of mi/kg/day as well asliters consumed. In dl casesthese
data should include some measure of the precison of the estimate.

It is extremely important to segregate estimates for children by age for the reasons stated
earlier. However, it is much less important to separate estimates for adults by age because the
differences observed are much smdler. In adults the future andytical focus should be on identifying
subpopulations that consume more water for other reasons, such as preexisting disease (e.g., diabetes
mellitus), occupationd conditions, or effects due to climate.
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Appendix A
Responsesto Specific Agency Charge Questions
1. Statistical M ethodology

Charge Question 1: The distributions of estimated water intake were generated
using standard statistical methodology for surveys with complex designs such as the 1994-96
CSFIl. Isthe statistical methodology used to generate the estimates appropriate?

The methodology described in the document is an gppropriate technique to produce estimates
from amulti-stage, dratified, clustered sample. The Agency, however, did not clearly state that the
estimates were generated from a summary tape containing only fina weights assigned to individuas.
This means that the Agency was limited in what it could do with the data. References to the documents
describing estimating equations for the US Department of Agriculture s Continuing Survey of Food
Intakes by Individuals are needed.

2. ConfidenceLimits

Charge Question 2: We have limited the calculation of confidence intervals
about the mean and boot strap intervals for percentiles to the distributions for the larger sub-
populations. The complex sample design makes the calculation and inter pretation of results for
smaller sub-populations virtually impossible to calculate and interpret. Isthisan appropriate
decison?

Yes. However, therationdefor thisis buried in the narrative. The Subcommittee recommends
that the Agency state more clearly, and in a prominent place, its reasoning for not caculaing such
intervals throughout the report. Also, the convention of placing “zeros’ as entriesin the tables for
place-holders where no estimates have been generated is confusing. The Subcommittee recommends
inserting “dashes’ in place of such zeros. This convention is used by others reporting results from such
efforts.

3. Short-term Data and Long-term Estimates
Charge Question 3: The CSFII survey is based on short-term survey data.
Upper percentile estimates may differ for short-term and long-term data because short-term
survey data tends to be inherently more variable. Isit appropriate to report upper percentile

estimates such as the 99th percentile?

The decision whether to report upper percentile estimates depends in part on whether the
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qudity of these estimates is sufficient for their intended use. Quaity may be judged by the number of
individuds interviewed, the fulfillment of underlying assumptions, and the computed satistica precison,
bias and confidence in the percentile estimates. Uses of the drinking water ingestion estimates may be
very broad and could include risk assessment, rule-development for microbid contaminants of drinking
water and disinfection by-products, aswell as other uses not now anticipated. Some uses of drinking
water ingestion estimates may require the short-term survey data available from the present CSHII
survey data (i.e., estimates of daily averages based on only two non-consecutive days of data), while
other uses may need long-term survey data (i.e., estimates based on more than 2 days of data). For
example, short term data and a knowledge of the variability of such data can be useful for risk
assessments of acute health effects such as diarrhea due to microbiologica contamination, whereas long
term data and aknowledge of its variability are needed for risk assessments of long-term hedlth effects
such as cancer. Asthe short-term data available from the current CSFIl survey are not idedly suited
for dl uses, it is particularly important that the report adequately describe the quadity of the estimates so
that users can judgeif the results of the current survey are of sufficient quaity. Asindicated above, this
qudity can be described in various ways such as by providing variances and confidence limits for
edimated percentiles, by carefully stating and explaining al assumptions used in obtaining those
esimates, and by the number of individuds interviewed in the various subcategories.

The number of individuas interviewed in subcategories is sometimes very smdl in the CSHI
data. Thispoint isillustrated by reference to Table A-3b in Section 11e of the EPA Report. Inthis
table, thereisonly oneindividua in the <0.5 year age category and only three individuasin the 0.5-0.9
age category. Clearly, upper percentiles should not be reported for categories for which the number of
personsinterviewed isso smdl. The Nationd Center for Hedlth Statistics has issued guiddines on
minimum sample sizes required to obtain credible estimates. These guidelines should be considered by
EPA asaway to decide when drinking water estimates should be flagged as being of lower than

acceptable quality.

Taking these consderations into account, this Subcommittee believesiit is gppropriate that the
lower and upper percentile estimates obtained from the CSHI1 survey be reported, but that additional
guidance on their quaity and when they should and should not be used should be provided.

4. Data Conventions

Charge Question 4. Are the data conventions used to identify direct and indirect
water appropriate?

A series of conventions was established to dlow the estimation of water intake as aresult of
water consumed as a component of foods. The procedure is described in detail and is essentidly the
same as that used previoudy by Ershow and Cantor (1989) and by the Office of Pesticides Program
(Tolerance Assessment Systemn, 1985). The procedures as described are appropriate and will alow
EPA to account for moisture gained and lost during cooking and alow the estimation of the proportion

A-2



of water from home supplies versus from commercid water sources. A quick check of the results of
applying the conventions to the CSFII food codes indicates that the procedures worked well. The
results appear to be in the anticipated ranges. The data should be rounded to reflect the appropriate
level of precison. It would aso be useful to note in the text and on any files containing the factors that
these represent a factor that is a composite of factors, e.g., that different types of rice, rice cooked
different lengths of time and by different consumers will have different amounts of moisture and
therefore different factors.

The Agency did not conduct a quaity assurance check on the data. Given the multitude of
uses for thisinformation, the Subcommittee recommends that aforma QA/QC audit be conducted to
ensure that the conventions were actualy applied to each code as described in the methodol ogy.

Where indirect water and intringc water are lost during cooking, it is necessary to determine
how much islost from each source. Thisis an arbitrary decision and the proposed gpproach seems
reasonable. Vdidation of the estimates should be undertaken to verify the results.

5. Subpopulation Digributions

Charge Question 5: Do the data support estimates of subpopulation
distributions?

The CSHI data were used to generate point and interval estimates of daily average per capita
water ingestion in the manner presented in Section 8b of the EPA Report. Point estimates presented
include the mean, 1<, 5th, 10th, 25th, 50th 75th, 90th, 95th and 99th percentiles. Subpopulations
defined are gender, age, region, race, economic satus, residential status and certain specific femde
subpopulations of pregnant and lactating women of childbearing age. The results are presented in
section 11 by water source and by nine sociodemographic categories.

Examination of the tables on pages 11-3 through 11-326 easily reveals many subcategories
without sufficient observations to support the point estimates. For example, Table A-3b on pages 11-
15 and 11-16 shows point estimates of community water intake by race and fine age category.
Between the American Indians and Native Alaskans, there is only one individud under 6 months and
there are only three individuds in each of three other age categories. Presenting point estimates this
way will likely midead reeders. Potentid users should be cautioned about the uncertainty of point
edimates having smdl sample sizes.

Whenever possible, point estimates should be presented with confidence intervas. But due to
smdl sample Sze of some subpopulations, not dl confidence intervals can be computed from the data.
It is not clear how many interval estimates cannot be derived from the data available to the Agency.
Only Tables 1, 2, and Figure 9-20 in Section 9 include 90% confidence intervals. A survey of over
15,000 individuas should dlow more confidence intervas to be caculated and presented.
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Although parameter estimation, hypothess testing, and modeling are difficult because of the
complex nature of this survey, the vauable information collected deserves further exploration. A
srategy should be developed to analyze, interpret, and present data on sub-populations in a systematic
and meaningful way. Thefirst set of tables presented should be for mgor subpopulations such as
gender (mde vs. femde), age (infants, children, youth, adults), race (white, black, Asar/Pecific
Idander, American Indian/Native Alaskan), and region (northeast, Midwest, south, west) without
further subdivison. Both point and interva estimates should be provided for each category of these
magor subpopulations. Hypothesis testing should be carried out to seeif the differences among
categories are Satigticaly sgnificant.

In Section 11, ingestion estimates for nine sociodemographic subpopulations are presented by
water source. No rationaeis given for why, among dl the possible combinations of major
subpopulations that could have been selected, these nine combinations of sociodemographic variables
were chosen for presentation. Further, without understanding the meaning and limitations of the data,
over 200 pages of tables are of limited usefulnessto readers. If the relative importance of various
sociodemographic variables can be evauated by modeling and hypothesis testing, cross-tabulation can
be focused on alimited number of Sgnificant variables.

6. Subpopulations Included

Charge Question 6: We have provided distributions of estimated water intake
for numerous subpopulations. Should any additional subpopulations be added? Should any be
excluded? Specify subpopulations.

The Report provided distributions of estimated water intake for ardatively large number of
subpopulations. As discussed earlier, the available data do not support reporting of some of the values
that are placed in the tables. This does not negate the need to lay out water ingestion rates for
subpopulations that might be at greeter risk from drinking water contaminants. There are clearly
examplesthat are at least asimportant as those reported upon. These are pointed out by the
Subcommittee with the recognition that the CSFII database will not provide the needed data for such
andyses. Neverthdess, the Agency is encouraged to seek better estimates of the distributions for two
broad categories:

a) Sub-populations with different lifestyles, occupeations, or activities.

i) Infants and toddlers are not a homogeneous group. There is a population of
infantsin the 0-3 months of age group that recelve congtituted powdered
formulaexclusvely. These infants could be consuming as much as 180-200
ml/kg/day from the same source of tap water.

i) Dietary survey misses lifestyles of specific cultura groups (eg., Naive
American, recent immigrants) that are till practiced
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iii) People who live in hot climate aress.
iv) People who consume large amounts of water because of physica activity
(can consume as much as 300-500 mi/kg/day)

b) Hedth conditions that affect water intake:

i) Diabetes
i) Conditions requiring rapid rehydration needs (Gl upsets, food poisoning)
iii) Disorders of water and sodium metabolism.

The subcommittee dso noted that there are aspects of water ingestion that might be better
addressed by taking a physiologica approach. If total weater ingestion isfirgt thought of in terms of the
needs that are defined by physologica date, developmentd stage, levels of activity (reflected in
metabolic rates), and environmental settings a general model could be congtructed. This approach will
aways capture the upper limit, as one can assume that dl of the water that is not intringc to food could
be derived from the tap. Then more accurate estimates of sources of the actua water consumed could
be congtructed from survey information that is targeted to the sub-populations of interest. This could be
amore efficient way of addressing drinking water ingestion by subpopulations of interest to EPA, in
particular those noted in ‘a above.

7. Indirect Water

Charge Question 7: USDA has identified two types of indirect water in foods: a)
the amount of water in food as consumed; and b) the amount of water used to prepare food.
The water intake report provides estimates of the amount of indirect water in food as consumed.

If resources permit, we could expand our report as a future addendum to include estimates of
the amount of indirect water used to prepare food. Would this be desirable?

The current ingestion report provides estimates of the amount of indirect water in food as
consumed. The amount of water used to prepare food may be greater, owing to evaporative |oss
during preparation. This loss can result in a concentration of non-volaile contaminants. Such increases
are chemica specific. To be able to caculate the amount of residue concentration, both the amount of
indirect water in food as consumed, and the amount of indirect water used to prepare food must be
known. Thisanayss should be limited to only those foods where the amount of water added to
prepare the food is known. The amount of water which isfirst boiled, then added to food such as that
used to prepare infant formula, is not known.

The critical question is whether preparation leads to large changes in the digtribution or ingestion
of water contaminants in the population. Certainly in some cases the losses of water volume could be
large, but are they congstent within individua consumers. In addition, it is not clear how common a
practice unattended boiling or extengve boiling might be. There are many other more important
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variables that remain unaddressed with repect to sendtive populations. Consequently, pursuit of this
issue should reflect programmatic priorities with respect to sensitive subpopulations.

An omission in congderation of indirect water that could be sgnificant appears to be soft drinks
prepared from syrup in restaurants, fast-food establishments, and bars. Again, the pursuit of this detall
has to set within the priorities of the program. However, someinitid evauations might be made by
contacting the appropriate industry representatives to obtain information on the ratio of syrup to
canned/bottled soda sold.

8. Food Types Not Covered

Charge Question 8: Additional water intake estimates associated with types of
food may be useful for specific risk-exposure analyses, e.g., cold beverage intake. Such analyses
are feasible using the CSFIl data. We could expand our report as a future addendum if
resources permit. Are any such targeted analyses of significant interest at this time?

This question was withdrawn by the Agency during the discussions at the July 19-20, 1999
Drinking Water Intake Subcommittee meeting.

9. Intrinsc Water

Charge Question 9: Intrinsic water isthe water contained in foods and
beverages at the time of market purchase. Intrinsic water includes commercial water (added to
food products by food manufacturers) and biological water (found naturally in foods). Intrinsic
water isnot included in our current analysis. If resources permit, we could expand our report as
a future addendum to include estimates of intrinsic water. Would this be desirable?

Y es, thiswould be desirable, but the Subcommittee would like to point out that the Agency’s
use of theterm “intrindc water” isunusud. In mogt ingtances intringc weter isthat in the raw food
product, not water added by processors. 1n some cases (e.g., NASA) the term includes both free
water and metabolic water that is derived from afood. There would be some vaue of usng another
term (e.g., commercial water) to describe this category. Care would have to be taken that it is not
confused with bottled water, however.

The Subcommittee felt that one advantage of including intringc water (asthetermisused in the
Agency report) in the andysis would be to enable the derivation of afluid requirement distribution by
recognizing this additiona source of water. Thiscombined direct/indirect water ingestion distribution
will be less variable than direct use only, asit is closer to a biologica/physiologica measure than one of
lifestyle. However, thisisonly one of a number of other sources of water ingestion that would have to
be known to congtruct the physiologica need for water for individuas under different conditions.
Knowing intrindc water does capture another tap water source, even though it may be removed from
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the consumer’ s own tap water. The relative component of commercial water could then be caculated
by examining only those products with amajor contribution to one or more subpopulaions. Examples
are sodain cans, iced teain cans, bottled soda, beer, milk, prepared infant formulas.
10. Other Issues
Charge Question 10: What are the scientific limitations to the use of the water
consumption estimates provided in this report (i.e., what other issues has the Subcommittee
noted with the estimates that are not covered elsewhere)?

This report needs to be viewed as a key reference for population based information on water
consumption. The following are examples of the many potentia uses of the information.

a) It will be valuable to programs where consumption of water estimates are needed.

b) It will be useful to support Agency rule making.

) It can be used to eva uate existing default water consumption rates and to provide new
defaults for subpopulations.

d) It can serve as areference to compare to other data sources containing smilar
information.

The document needs to keep these usesin mind and the text and tables should be designed to
be user friendly for these purposes. Thus many users will prefer the data summarized in aml/kg body
weight format while others will need the ml/day summary. Both formats should be provided. Keeping
the usesin mind, it becomes especidly important thet the limitations of the Survey database and the
ingestion estimates based upon it be clearly spdlled out in the introduction and that the report contain
only satigticaly valid estimates. 1t should be noted that some sensitive subpopulations are not in the
database or cannot be identified in the database. These are identified under other charge question
responses. It should be explicitly stated when data are sufficient (and give the criteria used) and when
they arenot. Whereit is not obvious why estimates are not provided, it needs to be explained.

A use-redricting limitation is the survey design that precluded estimating water ingestion in
subpopulations that either by choice, or access, utilize only one source of water for ingestion. The
survey data identify and provide descriptive tables for three significant sources of ingested water;
community tap water, bottled water and other (private wells, cisterns, etc). While the report provides
detailed ingestion digtributions for each water source within defined demographic groups, “ sole source’
subpopulations of water ingestion limit the utility of the report for local risk assessments. Such “sole
source” ingestion digtributions would be especialy vauable to assessing hedth risks from ingestion. The
overdl national mean water ingestion finds community tep water contributing 75% of the water
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ingested. The tables provided show that the 75% contribution is not evenly distributed over the
populaion. A vauable gatistic not provided is the percent of individuas obtaining virtudly dl their
water from community taps or al from the other two sources and their estimated ingestion rates. Such
individuas may be consuming nearly 1/3 more tap water than the nationa estimate provides. If the Size
of this population is substantia, using the nationd ingestion estimate to characterize contaminant
exposure to this group could sgnificantly underestimate tap water contaminant risks.  This
underestimate may partidly be seenin Section 9, figure 2 which shows that over 47 million US
residents are estimated to consume no tap water. Since these individuas require fluid to survive, they
probably represent those ingesting only “other” water from private wells or bottled water only. The
incluson of these “unexposed” individuds in the ingestion estimates leads to underestimates of ingestion
among those with access to the water source. The potentia for underestimating ingestion is even more
pronounced for infants where Section 9 figure 3 shows nearly hdf of the infants drank no tap water.
This probably reflects the high percentage of infants being breast fed or using bottled water to mix
formula. This serioudy reduces the utility of the information provided on this vulnerable population.
Whenever possble it would be useful to many usersto have confidence intervals around the estimates.

11. Zero-Values

Charge Question 11: The water intake estimates provided in thisreport are
based on all respondents, including those who did not report consuming water during the two
survey days. If resources permit, we could also generate estimates of water consumption which
exclude the zero consumers of water. \We noticed that for some sub-populations, especially the
less than one-year-old infants, a substantial proportion consumed zero or minimal amounts of
tap water per day (presumably those who were breast fed or drank undiluted formula or milk);
these zero consumers of water can contribute to lower estimates. Would this be desirable?

Yes, it isdedrable, probably necessary, to diminate the non-consumers of community tap
water from the survey satistics for purposes of developing a set of consumption estimates for usein
predicting exposure to drinking water contaminants. The DWIS suggests that those data, for which
there are adequate numbers of individuas, should be displayed both ways. In other words inclusive of
the population and a second display of only those individuals that are consumers of tapwater.

Based on the projections in Section 9, Figure 3, approximately 50% of the children under 1
year of age do not ingest community tap water. The mean and upper confidence limits generated from
data from which these projections were made will greetly reduce the estimated ingestion ratesin some
groups. A rough arithmetic estimate can be made of how important this would be by recognizing that
removing haf of the population that does not consume water will increase the mean consumption of
water in the under 1 year of age group to gpproximately 90 mi/kg body weight. Thisisroughly six
timesthat of an adult. Thus, the differentia between adults and children is & least twice that which is
derived from currently utilized defaults. The subpopulation of children representing the highest tap
water intake will be those fed recongtituted powdered formula. Thiswill result in the greatest dose (per
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kg) of water contaminants. Thereislessimpact in the generd population, where only about 8% of the
total population does not ingest community tap water. Nevertheess, the principle isthe same.
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ABSTRACT

The Drinking Water Intake Subcommittee (DWIS) of the Science Advisory Board's (SAB)
Executive Committee reviewed areport on the Estimated Per Capita Water Consumption in the
United States. The document presents estimates of drinking water ingestion for the total U.S.
population and a number of subgroups of interest. Estimates are given for many age, gender, and other
descriptors. The Subcommittee was pleased with the report’ s use of a substantid existing data base to
improve upon the current EPA estimates for drinking water ingestion. The current Report islargely
descriptive and contains little discusson of factors embedded within the origina survey and the
Agency’'s andlyticd method for deriving estimates that inform the reader of important factors that should
guide use of the estimates. The Subcommittee noted its desire to see a greeter leve of discusson on
these elements so that unintended misuse of the data can be minimized.
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