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Radon--"Chafee-Lautenberg Multi-media Risk Study"

Dear Ms. Browner:

The Science Advisory Board (SAB) is working with the Agency to reply to the
so-called "Chafee-Lautenberg amendment" which is a part of the Agency's FY93
appropriation act. The Act calls for Agency generation and SAB review of a Study
that addresses: (a) a multi-media risk assessment of radon gas; and (b) an
assessment of the costs of mitigating those risks. As described in our recent
commentary (EFPA-SAB-EC-COM-93-003), the attached report is the first of three SAB
reports that you will receive in connection with the Chafee-Lautenberg Study. This
report addresses the risks posed by radon gas in various media (e.g., basements of
homes and drinking ‘water), with a focus on the Agency's quantitative uncertainty
analysis associated with these risk estimates.

Specifically, this report is based upon the Radiation Advisory Committee's
review of the EPA risk assessment study, Uncertainty Analysis of Risks Associated
with Exposure the Radon in Drinking Water (January 28, 1993), related documents
and public comment. The review was conducted at a public meeting February 17-19,
1993.

The Committee's charge was to review the adequacy of revisions of inhalation
and ingestion risk from radon progeny and the adequacy of uncertainty analysis
regarding risk assessment of water-borne radon, including heaith risk analysis and
exposure analysis. In considering adequacy in the review, the Committee was mindfui
of concerns it had expressed in two earlier SAB reports about EPA documents on
radon in drinking water which were transmitted to the Administrator in January, 1992.
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Technical Observations

: The Committee commends the EPA staff for having produced an excellent
document that responds to previous SAB comments on uncertainty analysis and the
exposure to radon gas at the point of use (e.g., showering). This response is all the
more impressive given the constraint of tight deadlines imposed upon it by
Congressional and Court mandates. Its quantitative analysis of uncertainties in the
radon risk assessment represents a methodology that is essentially state-of-the-art
and significantly enhances the scientific credibility of the EPA's decision-making basis.
The Committee assumes that this reflects the EPA's recently stated commitment to a
more rigorous approach to evaluating uncertainties in its risk analyses of radiological
and other hazardous exposures in the future. However, the Committee continues to
have concerns about the exposures and risks that could be associated with certain
treatment options (e.g., granular activated carbon), once those options are seiected.

Based on the current analysis, the risks associated with radon gas in homes
from underground sources is considerably greater than the risks associated with the
risks posed by radon gas in the drinking water supply. That smalier risk from radon
gas in drinking water is composed of nearly equal contributions of the inhalation and
ingestion pathways. The Committee notes, however, that the quantitative uncertainty
analysis for the drinking water case does not cover some of the more important
uncertainties. In particular, the Committee believes that the overall uncertainty
regarding the ingestion risk estimate is substantially greater than would be inferred
from the quantitative confidence interval.

Overall, the Committee finds that the EPA has adequately addressed most of

_the issues raised by the Committee in its earlier reports, either by incorporating the
Committee's previously recommended changes into the new documents or by

providing additional background documentation supporting the EPA's position. In the
accompanying report the Committee makes a number of specific scientific comments
and recommendations for additional improvements to the document. These deal with
important issues such as uncertainties associated with an unpublished study on xenon
that contributes significantly to the estimated internal doses from ingested radon-
containing drinking water, the influence of smoking on lung cancer risks from radon,
~and, again, unsettled question of treatment technologies. These issues can generally
be addressed by including clarifying statements. Further, the changes in most cases
would not substantially change the document's estimates of central values for risks.

Policy Considerations

The comments below, to some extent, reach beyond the strictly technical issues
axamined by the Committee. Mowever, the Committee feels that it was important that



the Agéncy have the benefits of these thoughts, aiso, as the decisionmaking process
continues. ' ‘

The Radiation Advisory Committee has long encouraged the use of integrated
quantitative uncertainty analysis in a variety of EPA assessments. As noted above,
the Committee is extremely pleased to see that the EPA has done such an analysis in
this case. The Committee applauds EPA for its timely incorporation of a full

- quantitative uncertainty analysis for each pathway in its assessment and hopes that

the use of quantitative uncertainty analysis will become a routine part of all EPA
assessments, not only those associated with radiation risks. This information should
be a valuable aid in guiding EPA in its consideration of possible regulatory strategies.

The Committee agrees with the Agency's Feb. 26, 1992 "risk characterization
memo" that articulates the EPA policy of explicitly disclosing uncertainty in quantitative
risk assessment. Screening risk assessments involve only point estimate calculations,
and assumptions used to derive these estimates are generally biased on the
conservative side and can be misleading in terms of indicating the need for regulatory
action. In contrast, regulatory action must be based on realistic estimates of risk and

these require a full disclosure of uncertainty. The disclosure of uncertainty enables

the scientific reviewer, as well as the decisionmaker, to evaluate the degree of
confidence that one should have in the risk assessment.

in its January 29, 1992, Commentary: Reducing Risks from Radon; Drinking
Water Criteria Documents (EPA-SAB-RAC-COM-92-003), the Committee noted that
the radon risk reduction situation reflects the fragmentation of environmental policy
identified in Reducing Risk (EPA-SAB-EC-90-021). Therefore, the Committee
suggested that the EPA focus its efforts on primary sources (e.g., radon in some
home basements), rather than on secondary sources of risk, such as radon in drinking
water, which is a very small contributor to radon risk, except in rare cases.

in summary, within the limitations of the data currently available, the EPA has
now successfully prepared a scientifically credible muiti-media risk assessment for
regulatory decision-making on radon. The Committee's agreement with the principie
of radiation protection optimization and in the concepts articulated in Reducing Risk

~ lead it to note once again that radon in drinking water represents only a small fraction

of radon exposure and risk compared to radon in indoor air from non-water sources.
We acknowiedge, however, that the relative emphasis given to various radon
exposure reduction methods--whether for radon from water or non-water sources--is a
policy choice for which scientific analysis is only one of many important inputs.

The Radiation Advisory Committee appreciates the opportunity to comment on
the EPA's uncertainty analysis of risks associated with exposure to radon. We ook



forward to receiving the EPA's response to the this report, particularly as it relates o
our explicit recommendations.

Sincerely,

r. kaymond C. Loe Dr. Genevieve'M. Matanoski
Chair, Executive Committee Chair, Radiation Advisory Committee
Science Advisory Board Science Advisory Board



NOTICE

This report has been written as a part of the activities of the Science Advisory
Board, a public advisory group providing extramural scientific information and advice
to the Administrator and. other officials of the Environmental Protection Agency. The
Board is structured to provide balanced, expert assessment of scientific matters
reiated to problems facing the Agency. This report has not been reviewed for
approval by the Agency and, hence, the contents of this report do not necessanly
represent the views and policies of the Environmental Protection Agency, nor of other
agencies in the Executive Branch of the Federal government, nor does mention of
trade names or commercial products constitute a recommendation for use.
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ABSTRACT

The Radiation Advisory Committee has reviewed the EPA's, "Uncertainty
Analysis of Risks Associated with Exposure the Radon in Drinking Water " (January
29, 1993), related documents and public comment. The Committee reviewed the
adequacy of the EPA's revisions of the risk assessment for both the ingestion and
inhalation exposure pathways, and the adequacy of the associated uncertainty
analysis has been examined. The Committee also considered the EPA's estimates of
risks associated with radon exposures due to releases at drinking water treatment
facilities. The Committee was mindful of its previously expressed concems regarding
the Agency's: (a) lack of quantitative uncertainty analyses; (b) failure to consider direct
exposure to radon and its progeny released by showers; (c) lack of an assessment of
risks associated with drinking water treatment; and (d) tack of consideration of
potential occupational exposures and risk. :

Overall the Committee finds that EPA has adequately addressed most of the
issues raised in earlier reports from the Committee. The quantitative uncertainty
analysis developed by the EPA represents a methodology that is state-of-the-art and
significantly improves the scientific basis for the EPA's decision-making. The revised
estimates for ingestion and inhalation risks due to radon in drinking water are
scientifically acceptable. There is concern, however, that the uncertainties in the
estimate of ingestion risk are larger than suggested by the gquantitative uncertainty
analysis. The Commitiee recommends that the EPA incorporate a qualitative
discussion of known, but not quantified, uncertainties in its analyses and given the
larger uncertainty bounds associated with the ingestion risk, that consideration be
given to keeping the ingestion and inhalation risks separate in the EPA's deliberations
on standards for radon in drinking water. The Committee also reiterated its previously
stated concerns that the overall risks associated with radon in drinking water are smali
compared with the average radon exposures due to indoor air and that the drinking
water risks be placed in context with other radon risks in the summary documents
developed by the EPA.

The Committee's report also provides comments and recommendations
regarding the adequacy of the analysis and the approaches taken. Among these was
the recommendation that the EPA look at a range of water treatment technologies and
include in the analyses risks due to occupational radiation exposures and potential
waste disposal issues. Finally, the Committee also recommends that particular
attention be given to the uncertainties associated with the variance and shape of the
probability density functions used by the EPA to represent variability of exposures
among individuals.

KEYWQRDS: radon, drinking water, uncertainty, inhalation, ingestion
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1. EXECUTIVE SUMMARY

- 1.1 Background

In EPA's 1883 aﬁpropriation‘, Congress required EPA to, "conduct a risk
assessment of radon considering: . . . the risk of adverse human health effects
associated with exposure to various pathways of radon . . . . Such an evaiuation shall
consider the risks posed by the treatment and disposal of any wastes produced by
water treatment." Congress also required that, "The Science Advisory Board shall
review the Agency's study and submit a recommendation to the Administrator on its
findings.” This letter and the accompanying report set forth the Radiation Advisory
Committee's findings and recommendations based on its review of the EPA risk
assessment study, Uncertainty Analysis of Risks Associated with Exposure the Radon
in Drinking Water (January 29, 1993), related documents and public comment. The
EPA uncertainty analysis addressed four radon exposure pathways: inhalation indoors
of radon from non-water sources, inhalation of radon outdoors, ingestion of waterbome
radon, and inhalation of waterborne radon. The review was conducted at a public
meeting February 17-19,1993.

The Committee's charge was to review the adequacy of revisions of inhalation
and ingestion risk from radon progeny and the adequacy of uncertainty analysis
regarding risk assessment of water-borne radon, including health risk analysis and
exposure analysis. in considering adequacy in the review, the Committee was mindful
of concerns it had expressed in reports about earlier EPA documents on radon in
drinking water transmitted to the Administrator on January 9 and 29, 1992: (a) that
uncertainties associated with the selection of particular models, specific parameters
used in the modeis, and the final risk estimates were not adequately addressed in any
of the documents; (b) that high exposure to radon from water at the point of use (e.g.,
a shower) had not been adequately addressed; (¢) that regulation of radon in drinking
water introduces risk from the disposal of treatment byproducts, tradeoffs which the
EPA should consider more explicitly in its regulatory decision-making; and (d) that
regulation and removal of radon in drinking water may result in occupational
exposures. ‘

t

1Dapartmanm of Vaterans Affairs and Housing and Urban Davelopment, and Independent Agencies Appropriation Act, 1993,
PLB. L. 102-308, Section 518, 106 STAT 1618 (1992)



1.2 Technical Considerations

Regarding the Committee's charge and concerns (a) and (b} above, the

* Committee commends the EPA staff for producing an excellent document all the more
impressive given the constraint of tight deadlines imposed upon it by Congressional
and Court mandates. I{s quantitative analysis of uncertainties in the radon risk
assessment represents a methodology that is essentially state-of-the-art for a
regulatory agency and significantly enhances the scientific credibility of the EPA’s
decision-making basis. The Committee assumes that this reflects the EPA's recently
stated commitment to a more rigorous approach to evaluating uncertainties in its risk
analyses of radiological and other hazardous exposures in the future. With respect to
concerns (¢) and (d) above, the Committee recommends that EPA re-examine its
assumptions about which water treatment technoiogies will be used for radon removal.
When EPA has determined the likely treatment options, then EPA should perform an
uncertainty analysis for occupational exposure based on that distribution (including the
uncertainty about how frequently the various options will be used). If granular
activated carbon is among those treatment options, then EPA should broaden the
uncertainty analysis to include the disposal of granular activated carbon.

With respect to the EPA's analysis, the risk assessment of radon in drinking
water has been revised and an uncertainty analysis has been conducted using Monte
Carlo simulation methods, The uncertainty anal_ySis incorporates quantifiable
uncertainties in exposure and toxicology, as well as true variation in exposure among
" individuals, EPA's mean estimate for the lifetime individual inhalation risk of lung
cancer deaths per pCi/L of radon in drinking water is 3.6 x 107, with a stated 90%
confidence interval around the mean of 1.8 x 107to 7.0 x 107. The Agency's mean
estimate for the lifetime individual ingestion risk of fatal cancers per pCi/L of radon in
drinking water is 1.8 x 107 with a stated confidence interval around the mean of 6.9 x
10° to 6.4 x 107, The Agenicy's nominal estimate for individual lifetime inhalation and
ingestion risk per pCi/L for radon in drinking water are 3,0 x 107 and 3.5 x 107,
respectively. Therefore, for drirking water risks, the cantributions of the inhalation and
ingestion are almost equal.

The Committee notes, however, that the quantitative uncertainty anaiysis for the
drinking water case does not cover *some of the more important uncertainties. In
particular, the Radiation Advisory Committee believes that the stated uncertainty range
for the ingestion risk is too small in comparison with that for inhalation, because the
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ingestion risk estimate is based on two major factors: (a) an estimate of the
distribution of radon to organs in the gastrointestinal tract, based on an unpublished
study using xenon-133, and (b) the use of organ radiation risk factors that are based
on high dose and high-dose rate exposures to low-LET radiation extrapolated to low
dose and low-dose rates. These risk factors are then converted to high-LET radiation
risks for alpha particies associated with radon and its progeny. The Committee

- recommends that ERA not only make this clear in its documents but also consider

keeping the estimates or risks from inhalation and ingestion separate in its discussion
of standards for radon in drinking water. '

Overall, the Committee finds that the EPA has adequately addressed most of
the issues raised by the Committee in its earlier reports, either by incorporating the
Committee's previously recommended changes into the new documents or by
providing additional background documentation supporting the EPA's position. The
Committee makes the following scientific comments and recommendations for
additional improvements to the document, but notes that these issues can generally
be addressed by including clarifying statements and that the changes in most cases
would not substantially change the document's estimates of central values for risks.
(A more detailed discussion of each of the comments and recommendations can be
found in the report section identified in parentheses.)

a) Recommendation Organ-specific doses used in the document for
assessment of ingestion risks are based, in part, upon a single study of
kinetics of xenon in humans, work that has not been published in the
peer-reviewed literature. The cited study also did not include a mass
balance determination. Consequently, the Committee recommends that
the EPA carefully review this study to evaluate whether the uncentainties
attributed to the results are adequately described. (3.1.1)

b) Comment With regard to assessment of inhalation risks associated with
drinking water exposure (e.g., showering), the Committee believes that
 the EPA's uncertainty analysis is satisfactory and that, given the nature
of the uncertainties, the transfer factor approach used in the document
adequately accounts for risks arising from episodic shower exposures.
(3.1.2)



c) Recommendation The Committee noted some minor inconsistencies
between values in relevant documents and recommends that the EPA
review its selection of parameter values (including ranges and their
uncertamtles) for each exposure pathway to ensure conssstency with
original data sources. (3.1.3)

d) Comment The Committee believes that the basic methods used to
propagate uncertainty are acceptable. Proper consideration has been
given to the possibility of covariance, and the Monte Carlo simulation

" methods are state-of-the-art. (3.2.1)

e) Recommendation The Committee recommends that particular attention be
given to mare completely addressing uncertainty about the variance and
shape of the probability density functions (PDFs) that have been
assumed by the EPA to represent variability in exposures among
individuals. (3.2.2)

f} Recommendation The Committee recommends that the EPA include in its
uncertainty analysis a qualitative discussion of known uncertainty
variables which were not quantified in the uncertainty analysis. These
include the issue of a linear dose rate response extending to low doses,
the influence of smoking on increasing lung-cancer risks from radon, and
the effect of population mobility on the distribution of risks. (3.2.3)

g) Recommendation In order to increase the scientific credibility of the results,
the Committee recommends that EPA consider upgrading the uncertainty
analysis for the risks associated with aeration for radon removal;
however, the proposed revisions to the analysis will not change the
conclusion that the risk for a maximally exposed individual attributable to
radon released from a water treatment facility will be less than or equal
to the average risk attributable to 300 pCi/L of radon in drinking water
used in the home. (3.3.1)

h) Recommendation If EPA determines that granular activated carbon will be
used for radon removal, the Committee urges EPA to thoroughly and
completely analyze any potential risk and/or disposal problems related to




the use of granuiar activated carbon (GAC) for radon remaoval from
drinking water

iy Recommendation EPA did not provide an analysis of occupational exposures
as a result of water treatment for radon. The potential for such
exposures appears to depend heavily upon the choice of water treatment
technology, and the Committee recommends that such a comparative
analysis be conducted for different technologies, such as aeration or
granular activated carbon filtration, especially in view of waste disposal
problems that may result from use of the latter technology. (3.3.3)

j) Recommendation The Committee recommends that the document include a
summary of the results of the uncertainty analysis regarding the
contribution of the various exposure patﬁways to the overali radon risk to
individuals and to the general population. This summary should also
highlight the major sources of uncertainty contributing to the total
uncertainty in the risk estimate for each pathway. Such a discussion
would provide the information necessary to factor uncertainties and
variabilities into the cost-benefit analysis for the proposed regulation and
to calculate a range for the estimates of cost/life saved. (3.4.1)

k) Recommendation The Commiitee recommends that the EPA extend its
population risk assessment and uncertainty analysis to obtain an
estimate of the lives that would be saved by the proposed maximum
contaminant level, using the same assumptions as were used to
calculate present-day risks but using for radon concentration a lognormai
probability density function truncated at the maximum contaminant level.
(3.4.2)

[) Recommendation The Committee urges the EPA to submit its risk analyses
for publication in appropriate journals which would provide peer-review
and recognition that the EPA's science is of high-quality and that it
becomes part of the mainstream of scientific criticism, revision, and

“acceptance (or rejection). .Publication will also assist in raising
awareness within the scientific community to the risk issues associated
with radon. (3.4.3)



1.3 Policy Conslderations

The comments below, to some extent, reach beyond the strictly technical issues
examined by the Committee. However, the Committee felt that it was important that
the Agency have the benefits of these thoughts, also, as the decisionmaking process
continues. ‘

The Radiation Advisory Committee has long encouraged the use of integrated
quantitative uncertainty analysis in a variety of EPA assessments. The Committee is
extremely pleased to see that the EPA has done such analysis in this case. The
Committee applauds EPA for its timely incorporation of a full quantitative uncertainty
analysis for each pathway in its assessment and hopes that the use of quantitative
uncertainty analysis will become a routine part of all EPA assessments, not only those
associated with radiation risks. This information should be a valuable aid in guiding
EPA in its consideration of possible ragulatory strategies. '

The Committee believes strongly that the explicit disclosure of uncertainty in
quantitative risk assessment is necessary. Screening risk assessments invoive only
point estimate calculations, and assumptions used to derive these estimates are
generally biased on the conservative side and can be misleading in terms of indicating
the need for regulatory action.

Regulatory action must be based on realistic estimates of risk and these require
a full disclosure of uncertainty. The disclosure of uncertainty enables the scientific
reviewer, as well as the decision-maker, to evaluate the degree of confidence that one
should have in the risk assessment. (deleted sentence redundant with end of
previous paragraph)

In its January 29, 1992, Commentary: Reducing Risks frorm Radon; Drinking
Water Criteria Documents (EPA-SAB-RAC-COM-92-003), the Committee noted that
the radon risk reduction situation reflects the fragmentation of environmental policy
identified in Reducing Risk (SAB-EC-90-021). Because radon in drinking water is a
very small contributor to radon risk except in rare cases, the Committee suggested
that the EPA focus its efforts on primary rather than secondary sources of risk. Within
the limitations of the data currently available, the EPA has now successfully prepared
a scientificaily credible multi-media risk assessment for regulatory decision-making on
radon. The Committee's agreement with the principle of radiation protection
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optimization and in the concepts articulated in Reducing Risk lead it {o note once
again that radon in drinking water represents only a small fraction of radon exposure
and risk compared to radon in indoor air from non-water sources. The emphasis on
“various radon exposure reduction methods--whether for radon from water or non-water
sources--is a policy choice for which scientific analysis is only one of many important
inputs.

In its May 8, 1992 Commentary on Harmonizing Chemical and Radiation Risk
. Reduction Strategies (EPA-SAB-RAC-COM-92-007), the Committee brought to the
EPA's attention the need for a more coherent policy for making risk reduction
decisions with respect to radiation and chemical exposures. The control of radon in
drinking water presents a situation where a radiologicalt contaminant being regulated
by a paradigm developed for chemicals, yet radon in drinking water represents only a
small fraction of raden exposure. The Committee appreciates the EPA’s difficulty in
establishing a coherent risk reduction strategy under the variety of statutes governing
EPA and acknowledges that harmonization does not necessarily imply identical
treatment. However, the Committee urges the EPA to explain clearly why the risks
from radiation (in this case radon in indoor air) and chemicals (in this case radon in
drinking water) are treated differently under specified conditions and in specified
exposure settings. The Committee urges EPA, the Congress and the public to
carefully consider how chemical and radiation risks are being regulated in this case.



2, INTRODUCTION
2.1 Relevant Prior SAB Reports

For many years the Radiation Advisory Committee and other SAB committees
have urged the incorporation of quantitative uncertainty analysis into EPA
~ assessments to explicitly disclose the extent of confidence that one should have in the
results of these assessments and to identify areas where the acquisition of additional
information could lead to substantial improvements in the estimation of risks and
uncertainties. In its recent multi-media radon risk assessment study entitled,
Uncertainty Analysis of Risks Associated with Exposure the Radon in Drinking Water
(January 29, 1993) the EPA has implemented most of the SAB's recommendations in
a scientifically credible manner. A brief chronology of relevant SAB reports can be
found in Appendix A.

2.2 Procedural History of this Review

This review resulted from the Chaffee-Lautenberg amendment. (A copy of the
complete language c¢an be found in Appendix B.) More formally known as the
Departments of Veterans Affairs and Housing and Urban Development, and
Independent Agencies Appropriation Act 1993, PUB. L. 102-398, Section 519, 106
STAT 1618 (1992), the amendment was also published in the U.S. Congressional
Record and appears as Attachment 1 to this report. Regarding this review, Congress
required EPA to, -

conduct a risk assessment of radon considering: (A) the risk of adverse human
health effects associaled with exposure to various pathways of radon; (B) the
costs of coptrolling or mitigating exposure to radon; and (C) the costs for radon
control or mitigation experienced by households and communities, including the
costs experienced by small communities as the result of such reguiations.

Such an evaluation shall consider the risks posed by the freatment or disposal
of any wastes produced by water treatment. The Science Advisory Board shall
review the Agency's study and submit a recommendation to the Administrator
on its findings.

‘This report by the SAB's Radiation Advisory Committee is a review of EPA's
-~ work in response to (A). The SAB's Drinking Water Committee is reviewing the
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Agency's work in response to (B) and (C) and is generating a separate SAB report. In
addition, a subcommittee of the SAB Executive Committee will generate a third SAB
report that reviews the Agency's “synthesis document” that is being generated by EPA
for submission to the Congress.

At publicly announced conference call meetings November 30, December 2,
December 3, and December 17, 1992, the Radiation Advisory Committee together
with members of the Drinking Water Committee, Environmental Engineering
Committee, and Indoor Air Quality Committee provided a consultation to the EPA staff.
The consultation was on EPA's outline for a multi-media radon risk assessment and
on the parameters and uncertainty analysis for the assessment. The SAB has
developed the consultation as a mechanism to advise the EPA on technical issues
that should be considered in the development of regulations, guidelines, or technical
guidance before the EPA has taken a position. Consultations differ from other SAB
activities in that no report is generated by the SAB and no response from the EPA is
required.

The review of "Uncertainty Analysis of Risks Associated with Exposure to
Radon in Drinking Water " (January 29, 1993), related documents and public comment
was conducted at a February 17-19, 1993 publicly announced meeting of the
Radiation Advisory Committee. The first draft of this report was made available to the
EPA and the public on February 19. Written comments were received from the EPA
and the public subsequent to the meeting. The Committee held non-pubiic writing
sessions by conference call to revise the draft prior to its submittal to the Executive
Committee.

The Committee's charge was to review the adequacy of revisions of inhalation
and ingestion risk from radon progeny and the adequacy of uncertainty analysis
regarding risk assessment of water-borne radon, including heaith risk analysis and
exposure analysis. In considering adequacy in the review, the Committee was mindful
of concemns it had expressed in reports about earlier EPA documents on radon in
drinking water transmitted to the Administrator on January 9 and 29, 1992: (a) that
uncertainties associated with the selection of particular models, specific parameters
used in the models, and the final risk estimates were not adequately addressed in any
of the documents; (b) that high exposure to radon from water at the point of use (e.g.,
a shower) had not been adequately addressed; (¢) that regulation of radon in drinking
water introduces risk from the disposal of treatment byproducts, tradeoffs which the
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EPA should consider more explicitly in its regulatory decision-making; and (d) that
regulation and removal of radon in drinking water may result in occupational
exposures.
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3. FINDINGS AND DETAILED DISCUSSION

3.1 Adequacy of Revisions to Ingestion and Inhalation Risk Estimates

3.1.1 Are revisions of ingestion risk estimates for waterborne radon and
its progeny adequate?

Recommendation Organ-specific doses used in the document for assessment
of ingestion risks are based, in part, upon a single study of kinetics of xenon in
humans, work that has not been published in the peer-reviewed literature. The cited
study aiso did not include a mass balance determination. Consequently, the
Committee recommends that the EPA carefully review this study to evaluate whether
the uncertainties attributed to the results are adequately described.

Discussion. Revisions of ingestion risk resulted from modifications of
gastrointestinal (G!) and lung dosimetry and from the use of revised organ-specific risk
coefficients, particularly that for the stomach. The revised ingestion risk is greater
than the previous estimate (EPA, 1991) by a factor of 2.3. The Committee has
reviewed these revised risk coefficients. The Committee's primary concemn is that
radon retention times in organs are based upon a single study of kinetics of xenon in
humans (Correia et al., 1987), work that has not been published in the peer-reviewed
literature. The xenon study also did not include a mass balance determination.
Consequently, the Committee recommends that the EPA carefully review this study to
evaluate whether the uncertainties attributed to the results are adequately described.
Other factors in the EPA's biological model that are difficult to verify are the
assumptions that a diffusion gradient exists in the G1 tract and that lead-214 and
subsequent decay products are removed from the Gl tract before decaying and do not
contribute to dose, The implications of these assumptions have been considered in
the uncertainty analysis, and in this case also the Committee recommends the EPA
carefully review these factors to evaluate whether the uncertainties are adequately
described. Many of these uncertainties are difficult to quantify because aiternative
formulations and parameter values have not been proposed. EPA has adequately
captured the apparent quantifiable uncertainties in the ingestion risk estimates and has
propagated them properly, in the opinion of the Committee. However, the quantitative |
uncertainty bounds ‘may give rise to a false sense of the overall reliability of the
ingestion risk estimates. Qualitative uncertainties about the formulation of the
exposure models and the applicability of high-dose, high-dose-rate, low-LET risk
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coefficients to the low-dose, low-dose-rate, high-LET exposure conditions present with
ingestion of radon in drinking water are substantial. An expanded discussion of the
implication of these qualitative uncertainties is important to EPA's consideration of

- regulations for radon in drinking water. o

—_

3.1.2 Are revisions of inhalation risk estimates for waterborne radon and
its progeny adeguate?

Comment With regard to assessment of inhalation risks, the Committee
believes that the EPA's uncertainty analysis is satisfactory and that, given the nature
of the uncertainties, the transfer factor approach used in the document adequately
accounts for risks arising from episodic shower exposures.

| Discussion. The analysis of inhalation risk from radon in water has two
components. The first considers exposures from radon released from general water
use within a house. The EPA applied a general transfer factor that describes radon
release from water indoors, The factor used had a value of 1 in 10,000 (i.e., 10,000
pCi/L in water yields an average indoor air concentration of 1 pCi/l}), which is
consistent with values used and published by others. In order to investigate whether
exposures to radon from releases in showers represent a significant episodic peak
exposure not captured by an average transfer factor approach, the EPA used a
multicompartment model, based on one developed by McKone (1987). Because the
analysis of shower exposures required that radon progeny ingrowth and decay be
- accounted for, the model specifically recognized the differences between radon and
radon progeny exposures, The muiticompartment model yielded results that were
somewhat higher for radon but somewhat lower for radon progeny when compared
with the analysis based on use of an average transfer factor.

The Radiation Advisory Committee believes, first, that the EPA's analysis,
incorporating an uncertainty analysis, is satisfactory and, second, that given the nature
of the uncertainties, the EPA's conclusion that episodic shower exposures are
adequately accounted for by a transfer factor approach is also satisfactory.
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'3.1.3 Discrepancies in Numerical Values: Are EPA's choices for risk
parameters and the uncertainties adequately defended?

Recommendation The Committee noted some minor inconsistencies between
values in relevant documents and recommends that the EPA review its selection of
parameter values (inciuding ranges and their uncertainties) for each exposure pathway
- fo ensure consistency with original data sources.

Discussion. Some examples of discrepancies fotlow.
3.1.3.1 Estimates of risk due to inhalation of indoor air

In general, the estimated central value for the annual number of lung cancer
cases and the corresponding upper and lower bounds appear to be in the same range
in the present assessment as in the previous assessment. However, the lack of
consistency in the risk factor used is troubling. The summary information presented in
Table 6-2 of the EPA document (EPA, 1993) does not appear to be entirely consistent
with the parameter values used previously. The Committee recommends that the
previous values be used throughout or that clarification of the differences be made in
the document.

3.1.3.2 Estimates of risk associated with inhalation of outdoor air

Aithough the total risk associated with inhalation of radon and its progeny in
outdoor air is small compared with that attributable to inhalation of radon and its
progeny in indoor air, the estimated lung cancer risks due to outdoor radon/radon
progeny exposures are, in fact, larger than those estimated to arise from radon in
drinking water, Hence, it is important that the uncertainties in the risk assessment for
the outdoor pathway be assessed in a manner consistent with that used for the indoor
(drinking water) pathway. Examples of points of concern follow:

a) There are inconsistencies in the inhalation risk factors used and in their
uncertainties. For example, the text (at p. 6-2) states that one would
expect the unattached fraction to be lower outdoors than indoors, which
is consistent with the few measurements that have been made.

However, this reduction -- which would reduce the dose conversion factor
-- is not reflected in the geometric mean chosen for this value, nor is the
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geometric standard deviation (GSD) increased to capture this
. uncertainty.

b).  The average outdoor radon concentration used in the calculations
presented {0.3 pCi/L) does not appear to be consistent with the
UNSCEAR (1988) observation that a population-weighted average value
is about 0.14 pCi/L. In fact, the UNSCEAR value falls outside the stated
credibility interval of 0.19 to 4.6 pCilL. A GSD of 1.3 is clearly much too
small for a concentration as uncertain as this.

c) Similarly, relatively few measurements are available to assess the
average equilibrium factor for outdoor exposure settings. Although the
observed values fall in a small range, the GSD of 1.05 implies greater
accuracy in the value chosen (0.8} than is warranted.

d) Time spent outdoors is estimated to be 7.5%, on average. The
variability in this factor is much larger than a GSD of 1.1 would imply.

3.1.3.3 Estimates of risks and uncertainties associated with water
ingestion

The variability assumed for the amount of direct tap water consumed appears
to be biased high, at least as reflected in the analyses presented on pp. 5-26+.

3.2 Adequacy of Quantitative Uncertainty Analyses Regarding Risk
Assessment

Are quantitative uncertainty analyses regarding risk assessment of water-borme
radon, including health risk analysis and exposure analysis, adequate? At the
suggestion of the EPA staff, this question has been broken down into three subparts:

3.2.1 Are the basic methods used to propagate uncertainty acceptable?

Comment The Committee believes that the basic methods used to propagate

uncertainty are acceptable. Proper consideration has been given to the possibility of
covariance, and the Monte Carlo simulation methods are state-of-the-art.
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Discussion. In making this determination, the Committee considered the

following:

a)
b)
¢)

d)

9)

3.2.2

The EPA acknowledged uncertainty in each step of the calculation.

The EPA identified the sources of that uncertainty.

The EPA examined uncertainty about best estimate values and about
best estimate distributions whereby the distributions represent variability
in exposures and risk among individuals.

This latter approach whereby uncertainty is expressed about a best
estimate distribution of exposures is the current state-of-the -art in
uncertainty analyses.

The EPA distinguished between variability and uncertainty, which past
analyses have not always done.

Perhaps most important, the EPA has also shown what the most
dominant sources of uncertainty are in the calculation. In the case of the
multi-media exposures to radon, the dominant source of uncertainty is
associated with the uncertainty of translating an exposure to radon to an
estimate of health risk. This risk conversion factor will probably be the
parameter which is most difficult to estimate accurately.

Nevertheless, the uncertainty associated with the dose to risk conversion
for radon, although it is the dominant contributor to overalt uncertainty, is
still much less than the uncertainty associated with other carcinogens
that EPA regulates.

Are the probability density functions (PDFs) selected to describe
Type A and Type B uncertainty of each varlable reasonable?

Recommendation The Committee recommends that particuiar attention be
given to more completely addressing uncertainty about the variance and shape of the
probability density functions (PDFs) that have been assumed by the EPA to represent
variability in exposures among individuals.

Discussion. The Committee believes that the general treatment of the PDFs
used by the EPA in its uncertainty analysis is adequate, subject to the points made

~ below. The EPA analysis considers two types of uncertainty. First, it recognizes that

different individuals living in an area with the same level of radon in water will have
different exposures, and therefore risks, as a result of differences in household
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characteristics, water consumption rates, and other factors. The uncertainty due to
stochastic variability in the lifetime exposure per individual in the U.S. population (Type
A uncertainty) differs from uncertainty attributable to limitations in our knowledge about
the quantities (mean, variance and shape) that describe the true distribution of
individual lifetime expagures (Type B uncertainty). This latter uncertainty aiso reflects
limitations that influence the average risk per individual.

While the Committee notes that the EPA analysis has not completely
recognized these distinctions, it believes that the EPA has captured the most
important features of quantitative uncertainty analysis and has adequately documented
its choice of PDFs used in its analysis for describing uncertainty about the true vaiue
of risk for the average individual.

3.2.3 Are there any important terms or assumptions that have not been
adequately evaluated?

Recommendation The Committee recommends that the EPA include in its
uncertainty analysis a qualitative discussion of known uncertainty variables which were
not quantified in the uncertainty analysis. These inciude the issue of a linear dose
rate response extending o low doses, the influence of smoking on increasing lung-
cancer risks from radon, and the effect of population mobility on the distribution of
risks. K

Discussion. The EPA is well aware that other model and parameter
uncertainties may be important but are difficult to quantify given current state of
knowledge. Many of these are mentioned in its draft documents, such as the issue of
a linear dose response extending to low doses. Another issue that the Committee
would like to see discussed qualitatively in the document is the influence of smoking
on increasing Iuné-cancer risks from radon. The risk coefficient for airbome radon is
an average value that underestimates the risk to smokers and overestimates it for
nonsmokers. The average risk value thus depends implicitly upon assumptions about
the nature of the relationship between lung cancer risk factors of smoking and radon
exposure, and on the fraction of smokers in the population.

The EPA assessment of radon in water is designed to apply to people whose
water supplies have the same radon content for their entire 70-year lifetimes. The

Committee recognizes that this design assumption is consistent with EPA policy to
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promulgate an MCL for radon that is protective for those people who might live out
their lives in a water service area with radon at the maximum contaminant level. The

- Committee notes, however, that the mability of the population implies that not every

person currently living in an area with especially high or especially low radon levails in
water will remain there. ‘The distribution of radon exposures and risks therefore will
not be the same as if every person remained in the same area for a lifetime. In
general, fewer people will have very high or very low exposures and risks and more
will have intermediate levels of risk than under the no-mobility assumption. The effect

- of mobility on overail population risk (cancers per year in the United States arising

from radon in drinking water), in contrast, will likely be negligible because most people
moving from a high radon area to a low one will be replaced by people moving in the
other direction, except for any effect of net population migration within the country.

3.3 Adequacy of Characterization of Risks from Water Treatment Facilities

3.3.1 Has the EPA adequately characterized the risks introduced by radon
that would be released by aeration from water treatment facilities?

Recommendation In order to increase the scientific credibility of the results, the
Committee recommends that EPA consider upgrading the uncertainty analysis for the
risks associated with aeration for radon removal; however, the proposed revisions to
the analysis will not change the conclusion that the risk for a maximally exposed
individual attributable to radon released from a water treatment facility will be no more

"than the average risk attributable to 300pCi/L of radon in drinking water used in the

home.

Discussion. The EPA has proposed air-stripping as Best Available Technology
(BAT) for achieving the proposed radon standard for drinking water where current
levels exceed the proposed standard. Recognizing that this technique would

discharge much of the waterborne radon to the atmosphere, the EPA analyzed the

risks of such discharges in terms of the risks to a maximally exposed individual (MEI)
living near the {reatment facilities. The EPA also projected the population risk or
annual cancer incidence assuming that each water supplier exceeding the proposed
standard were to use air-stripping at a single location in order to bring itself into
cornpliance with the proposed standard (EPA, 1988; 1989).
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‘The EPA reasoned that if the individual and population risks from the treatment
facilities were small relative to the risks avoided by applying the proposed standard,
then a comparative risk tradeoff would favor implementation of the standard. To
ensura that this comparison would not favor the proposed standard solely through
differences in assessmeént methods, the EPA estimated the risks attributable to water
treatment by using two radiation risk models, AIRDOSE and MINEDOSE. Although

- the Committee has reservations about the degree of validation of these models, the

MINEDQSE modei is thought to provide conservative risk estimates. |n the
assessment of risk from water treatment, the EPA also made assumptions that were
the same as or more conservative than those used for assessing the risks of radon in
water used in the home. Specifically, the individual risks were ¢aiculated for an MEI
who was defined as exposed to the highest concentrations for the longest possibie
time from discharges under worst-case meteorological conditions. The Committee
concurs that the set of assumptions chosen was generally gquite conservative.

The ME! risks presented to the Committee ranged up to 8 x 10, or about 4
times the nominal value for the risk of 300 pCi/L radon in drinking water. However, |
this was a single value derived from largely unrealistic assumptions, and more typical
ME! risks appear to be much lower, generally falling at or below the risk due to
exposure to radon in drinking water at 300 pCiL.

The EPA also projected population risk using AIRDOSE and estimated total
cancer death rate of approximately 0.1/yr, a value that is considerably less than the
reduction of 80 cancer deaths/yr estimated to be achieved by implementing the
proposed standard.

The EPA conducted a semigquantitative uncertainty analysis of the MEI risk
calculation and concluded that upper bound risks would remain in the vicinity of 1 x
10™, given the conservative nature of the nominal values. The uncertainty analysis
was less rigorous and more subjective than that for the risks of radon in drinking
water. Although more rigor is unlikely to change the conclusion, improvement of the
uncertainty analysis would improve the scientific credibility of the resuits.
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3.3.2 Has the EPA adequately characterized the risks introduced by radon
that would be released from other types of water treatment
facilities?

-Recommendation” If EPA determines that granular actived carbon wilt be used
for radon removal, the Committee urges EPA to thoroughly and completely analyze
any potentiai risk and/or disposal problems related to the use of granular activated
carbon (GAC) for radon removal from drinking water

Discussion Another technology for radon removal from drinking water is
Granular-Activated-Charcoal (GAC). Although GAC has not been designated a best
available treatment (BAT) for radon removal, in a draft technical memorandum from
the Office of Water (dated January 1993 and circulated to the RAC on February 18,
1993), EPA discussed various issues related to the use of this technology which
mentioned radioactivity accumuiation in the GAC (mostly lead-210). However, while
the memorandum mentioned the issue of GAC buiiding up levels of radioactivity such
that the residuals would require disposal at a low-level-radioactive-waste (or naturally
occurring radioactive material waste) repository, the memorandum was without
sufficient data or analysis for the Committee to evaluate this possibility and the
implications of this problem.

The Committee urges EPA to thoroughly and completely analyze any potential
risk and/or disposal problems related to the use of GAC for radon removal from
drinking water.

3.3.3 Occupational Exposures

Recommendation EPA did not provide an analysis of occupational exposures
as a result of water treatment for radon. The potential for such exposures appears to
depend heavily upon the choice of water treatment technology, and the Committee
recommends that such a comparative analysis be conducted for different technologies,
such as aeration or granular activated carbon filtration, especially in view of waste
disposal problems that may result from use of the latter technology.

Discussion. The EPA did not provide an analysis of potential radiation
exposures to workers in water treatment or.ancillary facilities. The RAC notes that in

the case of aeration techniques, proper ventilation of the water treatment facility
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should result in little increase in radon concentrations and exposures to personnel.
There should be no other significant sources of radiation due to such treatment.
However, the EPA has not ruled out treatment by other means, including granuiar
activated carbon filtration (GAC), in which case build-up of radon progeny in the bed
can result in an increasgd radiation field near the beds. Furthermore, the handling
and disposal of GAC beds containing radionuclides has not been analyzed nor, in fact,
have provisions been made for such disposal in the event it is necessary. In order to
provide a complete risk analysis, the Committee believes that the EPA needs to
consider the possibility of worker exposuras either to radiation or to chemicals (such
as those used as biocides in aeration facilities) resulting from some water treatment
technologies.

3.4 Other Sclentific Issues

3.4.1 Recommended extensions of the risk and uncertainty analysis and
publication of results in peer-reviewed journals

Recommendation The Committee recommends that the document include a
summary of the results of the uncertainty analysis regarding the contribution of the
various exposure pathways to the overall radon risk to individuals and to the general
population. This summary should also highlight the major sources of uncertainty
contributing to the total uncertainty in the risk estimate for each pathway. Such a
discussion would provide the information necessary to factor uncertainties and

“variabilities into the cost-benefit analysis for the proposed reguiation and to calculate a
range for the estimates of cost/iife saved. (3.4.1)

Discussion. One aspect that was lacking in the reviewed document was a
summary and interpretation of the uncertainty analysis for radon in drinking water.
The Committee has studied the resuits presented by the EPA and offers the following

interpretation.
3.4.1.1 Individual risks
The following table lists the unit risks attributable to drinking water by inhalation

and ingestion pathways, including the 90% confidence interval around the median, the
upper-bound 95th percentile, and the lower-bound 5th percentile for risk.
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Table 1. Unit Risk Boundaries for Exposure to Radon in Drinking Water
(Fatal cancers/person/year per pCi/L)

m_—%
Sth &th parcantila Madian S5th percantie 95th
percantile Madian Median Parcentiie
Lawer Bound Uppet Bound
Inhaiation 162 10" 1.1 x10° 2.7 X 10° 63x 10° 42 % 10*
Hgestion 12 % 107 37x10" 17 X 10* L 6.5 x 107 2.0 X 107

The nominat unit risk in the proposed rule is 9.4 x 10° fatal cancers/person/year
per pCi/L. This nominal risk can be compared to the median inhalation and ingestion
risks from radon in drinking water shown in Table 1. The nominal risk is larger than
the median inhalation risk by a factor of 3.5 and is larger than the ingestion median
risk by a factor of §.5. Therefore, the combined unit risk from inhalation and ingestion
exposure will be <3.5, and well within the range encompassed by the 90% confidence
interval of risk about the median. The same comment applies to the nominal unit risk
presented in Chapter 3 of the reviewed document.

3.4.1.2 Population risks

The estimates of cancer fatalities due to exposure of radon in drinking water
are based upon 81 million people being exposed. This number was presented to the
Committee during a briefing on 2/17/93, and comes from a preliminary contractor
report on occurrence of radon in drinking water (Wade Miller, 1992). That report is
beging reviewed by the EEC of the SAB. Any changes in that estimate will affect the
results presented below,

Table 2. Cancer Fatalities per Year due to Exposure to Radon

Expasure Pathway Sth Percantile Madian S95th Percontils Upper
) Madian Madian Bourd

Inhalation dus to Water wam -_ _— L]

Traatment

Inhatation from Drinking 48 105 233 -_

Wales

ingestion from Drinking 19 53 168 —_

Watar

inhakatien from Outdoor Al 280 ' 657 1,500 -

Inhakation frem Indoor Air 8,790 14,410 30,950 —

—————— %ﬂﬂa —
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The estimated lung cancer deaths attributable to inhalation exposure to radon in
drinking water range from 48 to 233 per year. The estimated fatal cancer cases
attributable to ingestion exposure to radon in drinking water range from 19 to 166 per
" year. Therefore, estimated total fatal cancer cases attributable to waterborne radon
will be about a quarter 9f the risks associated with exposure to radon in outdoor air,
and about one percent of the risks associated with exposure to radon in indoor air and
of the total risks attributable to exposure to radon by all pathways. These calculations
also indicate that population risks from exposure to radon in drinking water are similar
to or higher than those normally addressed by reguiation of chemical pollutants in
drinking water. Although the risk attributable to inhalation and ingestion of radon in
drinking water were apportioned equal weight in the caiculation of the nominal vaiue in
Chapter 3, the weight obtained as a result of the uncertainty analysis is approximateiy
two-thirds for inhalation and one-third for ingestion. This last set of values is similar to
those presented in the Proposed Rule (EPA, 1991).

3.4.2 Estimate of Lives Saved

Recommendation The Committee recommends that the EPA extend its
population risk assessment and uncertainty analysis to obtain an estimate of the lives
that would be saved by the proposed maximum contaminant level, using for radon
concentration the same assumptions as were used to calculate present-day risks but
using a lognormal probability density function truncated at the maximum contaminant
level.

Discussion. The Committee could not carry out an analysis of the estimated
number of lives that would be saved by the Proposed MCL of 300 pCi/L because no
uncertainty analysis was done on the number of cancer fatalities projected for the rule
in place. The Committee recommends that a population risk assessment and
uncertainty analysis be carried out, using the same assumptions as were used to
~calculate present-day risks but using for radon concentration a lognormal PDF

truncated at the proposed MCL. An uncertainty for the tolerance in the measurement
of radon as described in the section regarding monitoring of the Proposed Rule should
also be factored into this uncertainty analysis. From these calculations, one would
obtain a 80% confidence interval for the cancer fatalities that would remain with
enforcement of the proposed MCL, and the difference between the values in Table 2
and those caiculated with the truncated PDF would yield a range of lives saved. This
analysis would then allow the persons conducting the cost-benefit analysis to factor
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these uncertainties and variabilities into their calculations, leading to a range of costs
per life saved. The Committee believes that this extension to the EPA’s uncertainty
analysis would enhance the usefulness of the document reviewed.

3.4.3 Peer Review and Publication

Recommendation The Committee urges the EPA to submit its risk analyses for
publication in appropriate journals which would provide peer-review and recognition
that the EPA's science is of high-quality and that it becomes part of the mainstream of
scientific criticism, revision, and acceptance (or rejection). Publication will also assist
in raising awareness within the scientific community to the risk issues associated with
radon.

Discussion. The Committee believes that overall, the use of the peer-reviewed
literature as both a source of data and information and also as a method of
disseminating the EPA's own scientific work is an important means by which the EPA
and the public can be assured that the best science is being used or produced. In
this particular case, the estimate of the ingestion risk due to radon in drinking water
rests heavily upon data and analyses that have not been published and therefore have
not been broadly circulated within the scientific community. Reliance upon such
results should be done with considerable caution.

Although publication in peer-reviewed journals does not, by itself, assure
infallibility, it is the only generally recognized means by which: scientific work gets
accepted by members of the scientific community. In seeking to improve the quality
and the scientific acceptability of its science, the EPA should encourage its scientists
to submit their work for peer-reviewed publication. The work and methodologies
presented here mark an important advance in the risk and uncertainty analyses
undertaken by the EPA and are certainly worthy of such publication.
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4. POLICY CONSIDERATIONS
4.1  The Importance of Quantitative Uncertainty Analysis

The Radiation A&viscry Committee has long encouraged the use of integrated
quantitative uncertainty analysis in a variety of EPA assessments. The Committee is
extremely pleased to see that the EPA has done such analysis in this case . The
Committee applauds EPA for its timely incorporation of a full quantitative uncertainty
analysis for each pathway in its assessment and hopes that the use of quantitative
uncertainty analysis will become a routine part of ali EPA assessments, not only those
associated with radiation risks. This information should be a valuable aid in guiding
EPA in its consideration of possible regulatory strategies. '

The Committee believes strongly that the explicit disciosure of uncertainty in
quantitative risk assessment is necessary any time the assessment is taken beyond a
screening calculation. Screening risk assessments typically involve only point
estimate calculations. The assumptions used to derive these point estimates are
generally biased on the conservative side to ensure that the true risk to individuals will
not be underestimated. Screening calculations are thus useful for identifying situations
that are clearly below regulatory risk levels of concern. They can be grossly
misleading in terms of indicating the need for regulatory action.

The need for regulatory action must be based on more realistic estimates of
risk. Realistic risk estimating, however, requires a full disclosure of uncerfainty. The
disclosure of uncertainty enables the scientific reviewer, as well as the decision-maker,
to evaluate the degree of confidence that one should have in the risk assessment.
The confidence in the risk assessment should be a major factor in determining
strategies for regglatory action. '

Large uncertainty in the risk estimate, although undesirable, may not be critical
if the confidence intervals about the risk estimate indicate that risks are clearly below
reguiatory leveis of concern. On the other hand, when these confidence intervals
overlap the regulatory leveis of concern, consideration should be given to acquiring
additional information to reduce the uncertainty in the risk estimate by focusing
research on the factors that dominate the uncertainty. The dominant factors
controlling the overall uncertainty are readily identified through a sensitivity analysis
conducted as an integral part of quantitative uncertainty analysis. Acquiring additional
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data to reduce the uncertainty in the risk estimate is especially important when the
cost of regulation is high. Ultimately, the explicit disciosure in the risk estimate should
be factored into énalyses of the cost-effectiveness of risk reduction as well as in
setting priorities for the allocation of regulatory resources for reducing risk.

4.2 The Relative Risk of Radon in Drinking Water

In its January 29, 1992, Commentary: Reducing Risks from Radon; Drinking
Water Criteria Documents (EPA-SAB-RAC-COM-82-003), the Committee noted that
the radon risk reduction situation reflects the fragmentation of environmental policy
identified in Reducing Risk (SAB-EC-90-021). Because radon in drinking water is a
very small contributor to radon risk except in rare cases, the Committee suggested
that the EPA focus its efforts on primary rather than secondary sources of risk. Within
the limitations of the data currently available, the EPA has now successfully prepared
a scientifically credible multi-media risk assessment for regulatory decision-making on
radon. The Committee's agreement with the principle of radiation protection
optimization and in the concepts articulated in Reducing Risk lead it to note once
again that radon in drinking water represents only a small fraction of radon exposure
and risk compared to radon in indoor air from non-water sources. The emphasis on
various radon exposure reduction methods--whether for radon from water or non-water
sources--is a policy choice for which scientific analysis is only one of many important
inputs.

‘4.3 Harmonizing

In its May 8, 1992 Commentary on Harmonizing Chemical and Radialion Risk
Reduction Strategies (EPA-SAB-RAC-COM-92-007), the Committee brought to the
EPA's attention the need for a more coherent policy for making risk reduction
decisions with respect to radiation and chemical exposures. The control of radon in
drinking water presents a situation where a radiological contaminant being regulated
by a paradigm developed for chemicals yet radon in drinking water represents only a
small fraction of radon exposure. The Committee appreciates the EPA's difficulty in
astablishing a coherent risk reduction strategy under the variety of statutes governing
EPA and acknowledges that harmonization does not necessarily imply identical
~treatment. However, the Committee urges the EPA to explain clearly why the risks
from radiation (in this case radon in indoor air) and chemicals (in this case radon in
drinking water) are treated differently under specified conditions and in specified
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exposure settings. The Committee urges EPA, the Congress and the public to
carefully consider how chemical and radiation risks are being treated in this case.
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Preliminary Risk Assessment for Radon Emissions from Drinking Water
Treatment Facilities, a memorandum from Warren D. Peters and Christopher B.
Nelson to Stephen W. Clark, June 28, 1988

An Analysis of Potential Radon Emissions from Water Treatment Plants Using
the MINEDOSE Code, a memorandum from Parc. J. Parrotta to Greg Helms,
November 22, 1989

Proposed Methodology for Estimating Radiogenic Cancer Risks (no author or
date given)
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10.

Cancer Fatalities from Waterborne Radon (Rn-222) by Dougias J. Crawford-

Brown in Risk Analysis, Volume 11, Number 1, 1991

Public Comment

-

Letter re: National Primary Drinking Water Regulations: Radionticlides (Radon)
[WH-FRL 3956-4] from John H. Sullivan of the American Water Works
Association to Honorable Carol Browner, Administrator of the Environmental
Protection Agency, January 26, 1993. There were 27 Appendices to this letter.

1.

EPA Technical Support Document for the 1992 Citizen's Guide

to Radon, EPA 400-R-82-011 (May 1992)

"Harmonizing Chemical and Radiation Risk-Reduction Strategies -

A Science Advisory Board Commentary,"(May 18,1892)

Letter from SAB Chairman Raymond Loehr to EPA

Administrator William Reilly Re: "Radionuclides in
Drinking Water" (EPA-SAB-RAC-91-XXX) (September 1991)
"An SAB Report: Radionuclides in Drinking Water”
(EPA-SAB-RAC-91-009) (December 1991)

Letter from SAB Chairman Raymond Loehr to EPA
Administrator William Reilly Re: "Reducing Risks
from Radon; Drinking Water Criteria Documents,”
(EPA-SAB-RAC-COM-92-003) (January 29, 1992)

Letter from SAB Chairman Raymonad Loehr to EPA
Administrator William Reilly Re: "Status of EPA
Radionuclides Model" (EPA-SAB-RAC-COM-92-001)
(January 9, 1992)

SAB, "Raview of the office of Drinking Water's
Assessment of Radionuclides in Drinking Water and
Four Draft Criteria Documents” (July 1987)

Letter from SAB Chairman Raymond Loehr to EPA
Administrator William Reilly Re: "Review of Draft
Criteria Documents for Radionuclides in Drinking
Water" (EPA-SAB-RAC-92-0009) (January 9, 1992)

Letter from SAB Chairman Raymond Loehr to EPA
Administrator William Reilly Re: "Revised Radon
Risk Estimates and Associated Uncerfainties” (EPA-

28



10.

11.

12.

13.

14.

15,

SAB-RAC-LTR-92-003) (January 9, 1992)
Puskin, Jerome, "An Analysis of the Uncertainties in
Estimates of Radon-Induced Lung Cancer,” Risk
Analysis, Vol. 12, No. 2, p. 277 (1992)
SENES Consultants Limited Memorandum Re: "Exposure
and Risk from Radon Released in Showers" (December 3, 1992)
Fensterheim, Robert, Stolwijk, Jan, "Critique of
Hess and Bernhardt Radon Shower Exposure Study,"{1992)
Testimony of Jonathan M. Samet before the
Subcommittee on Transportation and Hazardous
Materials, House Energy and Commerce Committee
(June 3, 1992) \
Neuberger, John 8., "Residential Radon Exposure and
Lung Cancer: An Overview of Published Studies,”
Cancer Detection and Prevention, Vol.15, Issue 6,
{1991) 435-443
Neuberger, John S., et al., "Residential Radon
" Exposure and Lung Cancer: Evidence of an Inverse
Association in Washington State,” Journal of
Environmental Heaith, Nov/Dec. 1992, 23-25
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16.
17.
18.
19.
20,
21,
22,
23.

24.

25.

- 26.

27.

"Proposed Guideline for Radon-222 in Drinking
Water," prepared by SENES Consultants Limited for
Health Protection Branch, Health and Welfare Canada
(March 1992)
Draft of SAB Radiation Advisory Committee Comments -
on EPA's "Suggested Guidelines for the Disposal of
Drinking Water Treatment Wastes Containing
Naturally-Oceurring Radionuclides” (July 6, 1992)
Testimony of Dr. Jill Lipoti on MR 3258, the "Radon
Awareness and Disclosure Act of 199111 before the
House Subcommittee on Transportation and Hazardous
Materials (June 3, 1992)
Factor Analysis for Differences Between EPA and RCG
Compliance Cost Estimates
Table Comparing Compliance Costs for A Radon MCL of
300 pcifl; Letter to Editor and Response in American
Water Works Association Journal
Comments of the State of ldaho Department of Water
Resources (May 18, 1992)
Letter from Dr. Alvin Young, Chairman of Committee
on Interagency Radiation Research and Policy
cooardination, to Dr. Donald Henderson, Office of
Science and Technology Policy (May 21, 1992)
Testimony of Dr. Jan Stolwijk before the House
Subcommittee on Transportation and Hazardous
Materials (June 3, 1992)
Valentine, Richard, "Radon and Radium From
Distribution System and Filter Media Deposits/” AWWA
Water Quality Technology conference, Toronto (1992). 24
Commaents of the State of New York Department Health
" to EPA (February 12, 1992)
"Evaluation of the impact of a Radon-222 MCL on
Small Water Systems,” by John E. Reanier, Alabama
Rural Water Association (May 10, 1992)
Comments of the Association of State Drinking Water
Administrators (November 19, 1991)
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11.  Letter to Administrator Browner and three SAB Chairs from Bill Mills, Steve
Hall, and Tom Levy of the Alliance for Radon Reduction, February 2, 1993
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DOCUMENTS RECEIVED AT THE FEBRUARY 17-19 PUBLIC MEETING
Documents Provided by EPA

Draft Summary (no date or author given, appears to be a draft summary for the
"Uncertainty Analysis of Risk Associated with Exposure to Radon in Drinking
Water"

Overheads: Briefing for SAB on Multimedia Risk Assessment of Human
Exposure to Radon, Office of Science and Technology, Office of Radiation and
Indoor Air, Office of Policy, Planning, and Evaluation, Office of Ground Water
and Drinking Water. ‘

Overheads: Risk Assessment for Radon Emissions from Drinking Water
Treatment Facilities, EPA Office of Radiation and indoor Air, February 17, 1993

Overheads: Cancer Risks Associated with Radon in Drinking Water--
Uncertainty and Varability Analysis

"Review of Risk Assessments of Radon Emissions from Drinking Water
Treatment Facilities" from Christopher Nelson ORIA to Mark Pamrotta ODW

Radon Documents for SAB Review, a memorandum from Nancy Chiu of
OST/IOW to William F. Raub, Science Advisor

Draft Technical Memorandum: Problems with the Use of GAC for Radon
Removal, printed date is January 1993 (handwritten date is 2/11)

Public Comment
Review of Technical Justification of Assumptions and Methods Used by the
Environmental Protection Agency for Estimating Risks Avoided by Implementing
MCLs for Radionuclides by S.C. Morris, M.D. Rosw, S. Holtzman, and A.F.

Meinhold and Brookhaven National Laboratory, November, 1982

Letter from Edward J. Schmidt to Comments Clerk-Radionuclides, Subject
Comments on National Primary Drinking Water Regulations: Radionuclides
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10.

Proposed Rule, 40CFR Parts 141 & 142, Thursday, July 18, 1981, September

30, 1991

Letter to James R, Elder from Raymond F. Pelletier, Office of
Environmental Guidance, U.S. Department of Energy, January 27, 1593

DOCUMENTS RECEIVED SUBSEQUENT TO THE FEBRUARY 17-19
PUBLIC MEETING

Documents Prdvided by EPA
One-page note to Kathleen Conway from Jan Auerbach, February 23, 1993

Note to Kathleen Conway, RAC DFO from Nancy Chui OGWDW, faxed to the
Radiation Advisory Committee, March 10, 1993 :

Public Comment

Letter to the SAB Radiation Advisory Committee from Frederick W. Pontius of
the American Water Works Association, February 24. This letter had seven
enclosures:
a. Logndrmal Distributions for Water Intake by Children and Aduits,
by Ann M. Roseberry and David. E. Burmaster in Risk Analysis,
Volume 12, Number 1, 1992 '
b. Distribution and Expected Time of R e sidence for U.S.
Households by Milton Israeli and Christopher B. Nelson in Risk
Analysis, Volume 12, Number 1, 1992
c. Review of Risk Estimates for Inhalation of Radon Progeny by
" Miners: Presentation by the Atomic Energy Control Board of
Canada (ACB) before the ICRP Main Commission, printed date is
November 1992, there is also a stamped date of February 12,
1993
d. A Cohort Study in Southern China of Tin Miners Exposed to
' Radon and Radon Decay Products by Xuan Xiang-Zhen, Jay. H.
Lubin, and others in Health Physics, Volume 62, Number 10,
pages 120-131, February 1993
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e. Contribution of Waterborne Radon to Home Air Quality, prepared
by Arun K. Deb of Roy F., Eston, inc. for the AWWA Research
Foundation, undated

f. Final Report: Risk and Uncertainty Analysis for Radon in Drinking
Water prepared by Douglas J. Crawford Brown for the American
Water Works Association.

g. Proposed Guideline for Radon-222 in Drinking Water prepared by
SENES Consultants Limited for the Health Protection Branch of
Health and Welfare Canada, March 1992

Letter to the Radiation Advisory Committee from Douglas Crawford-Brown of
the University of North Carolina, March 2, 1993

Letter to Dr. Genevieve Matanoski from Bill Mills, Steve Hall and Tom Levy of
the Alliance for Radon Reduction, March 11, 1993

Letter to Dr. Genevieve Matanoski from Robert J. Fensterheim, consultant to
the Alliance for Radon Reduction, March 16, 1993

Fax from Robert J. Fensterheim referencing Brown-Senate Letter and Naomi
Harley Study, March 18, 1993. This fax included both a March 11, 1993 letter
from nine senators to Administrator Carol M, Browner and A Biokinetic Model
for the Distribution of Rn-22 Gas in the Body Following Ingestion by Naomi H.
Harley and Edith 3. Robbins, March 12, 1993

Letter to Dr. Vern Ray, Chairman of the Radon Engineering Cost Subcommiﬁee
from Stephen Hall of the Association of California Water Agencies, March 22,
1993



5.2 Science Advisory Board Reports of Potential Interest

1.

S 0NN

12.

13.
14,

15.

Report of the Scientific Basis of EPA's Proposed National Emission Standards
for Hazardous Air Pollutants for Radionuclides: A report of the Subcommitiee
on Risk Assessment for Radionuclides, August 1984 (There is no report
number because this report was produced before the SAB developed a report
numbering system.)

Radionuclides in Drinking Water (SAB-RAC-87-035)

Effective Dose Equivalent Concept (SAB-RAC-88-026)

Radon Risk Estimates (SAB-RAC-88-042)

Radionuclides NESHAP (SAB-RAC-89-003)

EEC Mathematical Models Resolution (SAB-EEC-89-01)

Radionuclides NESHAF (SAB-RAC-89-024)

Radon Risks (SAB-RAC-91-LTR-001)

Status of EPA Radionuclide Models (EPA-SAB-RAC-COM-92-00)

Revised Radon Risk Estimates and Associated Uncertainties
(EPA-SAB-RAC-LTR-92-003)

Criteria Documents for Radionuclides in Drinking Water
(EPA-SAB-RAC-92-008)

Reducing Risks from Radon/Drinking Water Criteria Documents
(EPA-SAB-RAC-COM-003)

Harmonizing Chemical and Radiation Risks (EPA-SAB-RAC-COM-92-007)
Drinking Water Treatment Wastes Containing NORM (EPA-SAB-RAC-LTR-92-
018)

Radon in Water: Consultation (EPA-SAB-RAC-CON-92-002)
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5.3 Literature cited

- Correia JA, Weise SB, Callahan RJ, Strauss HW, 1987. The kinetics of ingested Rn-
222 in humans determined from measurements with Xe-133. Massachusetts
General Hospital, Boston MA, unpublished report Prepared for Health Effects
Research Laboratory, U.S. EPA, Report No. EPA/600/1-87/013.

Crawford-Brown DJ, 1991. Cancer fatalities from waterborne radon (Rn-222). Risk
Anal. 11:135-143,

EPA, 1988. "Preliminary Risk Assessment for Radon Emissions from Drinking Water
Facilities," memorandum from Warren Peters and Christopher Nelson to Stephen
Clark, June 28, 1988.

EPA, 1989. "An Analysis of Potential radon Emissions from Water Treatment Plants
using the MINEDQSE Code," memorandum from Marc Parrotta to Greg Helms,
November 22, 1989,

EPA, 1991. "Notice of Proposed Rulemaking for Radionuclides in Drinking Water”

EPA, 1989. "Draft 2 "Uncertainty Analysis of Risk Associated with Exposure to
Radon in Drinking Water" prepared by U.3. EPA Office of Science and
Technology, Office of Radiation and Indoor Air, Office of Ground Water and
Drinking Water, and Office of Policy Planning and Evaluation, January 29, 1993

McKone, TE, 1987. Human exposure to volatile organic compounds in household tap
water: the indoor inhalation pathway. Environ. Sci. Technotl, 21:1194-1201

UNSCEAR, Sources, Effects and Risks of lonizing Radiation, United Nations Scientific
Committee on the Effects of Atomic Radiation, United Nations: New York, 1888,
p.64,

Wade Miller Associates, 1992, Draft addendum to the occurence and exposure
assessments for radon, radium-226, radium-228, uranium, and gross alpha particle
activity in public drinking water supples. EPA contract No. 68-C0O-0069 September
30, 1992,
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APPENDIX A: Brief Chronology of Relevant SAB Reports

In 1984 a specialized ad hoc Subcommittee of the Science Advisory
Board reviewed the scientific basis for EPA's proposed national emissions
standards for hazardous air poilutants for radionuclides. That report led to the
formation of the Radiation Advisory Committee o "review risk assessments for
radiation standards" . The report aiso stated,"A scientifically defensible risk
assessment for radionuciides should address at least five major elements, These
include 1) identification of the significant . . . sources; 2) a description of the
movement . . from a source . . . to people; 3) caiculation of doses; 4) estimation of
. . . health effects, and 5) incorporation of estimates of uncertainty into elements
1-4. .. ." The routine incorporation of uncertainty analysis into risk assessments
has been a recurring theme in Radiation Advisory Committee reports,

In the summer of 1986, the Drinking Water Subcommittee of the
Radiation Advisory Committee reviewed the Office of Drinking Water's
Assessment of Radionuclides in Drinking Water and Four Draft Critena
Documents, (SAB-RAC-87-035). This Subcommittee did not explicitly address
uncertainty analysis. While recommending some improvements in science and
presentation, the Subcommittee concluded, "that the Office of Drinking Water has
developed scientifically comprehensive assessment documents.” This report was
transmitted to the Administrator July 27, 1987,

In 1988 and 1989 reviews of revisions to the scientific basis.for the
radionuclides NESHAP, the Radiation Advisory Committee again raised concemns
about quantitative uncertainty analysis. The cover letter of the November 10,
1988 report (SAB-RAC-89-003) highlighted three findings for seriou$ attention by
the EPA, including, "To date, EPA's treatment of modeling uncertainties has been
qualitative rather than quantitative aithough state-of-the-art methods for estimating
uncertainty are available." The June 30, 1989 report (SAB-RAC-89-024) noted in
the cover letter (p.2), . . . the Radiation Advisory Committee and the Science
Advisory Board has repeatedly urged the use of best estimates and ranges in the
specifications of risk, and a detailed explanation of the uncertainties in the
estimates themselves."

On January 13, 1989, the SAB transmitted to the Administrator the
Environmental Engineering Committee's Resolution on the Use of Mathematical

A-1



Models by EPA for Regulatory Assessment and Decision-Making (EPA-SAB-EEC-
89-012). The Committee (p.1) had reviewed "a number of integrated
environmental modeling studies" and "noted a number of problems" including, "a
lack of studies quantifying the uncertainties associated with model predictions, and
concurrently, the potential misuse of particular uncertainty analysis techniques.”
The resolution's fourth recommendation (p.3) was, "Sensitivity and uncertainty
analysis of environmental models and their predictions should be performed to
provide decision-makers with an understanding of the level of confidence in model
results, and to identify key areas for future study.”

In the summer of 1980, the Radionuclides in Drinking Water
Subcommittee of the Radiation Advisory Committee reviewed draft criteria
documents for radionuclides in drinking water, including thosé for uranium, radium,
radon, and a combined document on beta particles and gamma emitters.

The Subcommittee found that, "The overall quality of the four draft criteria .
documents was not good. . . . recommendations from a 1987 Science Advisory
Board report on its review of the standards for radionuclides in drinking water
(SAB-RAC-87-035) had not been addressed. Nor did the new criteria documents
address recommendations from other available SAB reports that are directly
relevant (such as SAB-RAC-88-026 and SAB-EEC-89-012). . . . Uncertainties
associated with the selection of particular models, specific parameters used in the
models, and the final risk estimates are not adequately addressed in any of the
documents." Although the review was conducted in 1990 and draft reports
circulated at that time, this SAB report was not transmitted to the Administrator
until January 9, 1992. (EPA-SAB-RAC-92-009)

In the summer and fall of 1991, the Radiation Advisory Committee
received revised criteria documents and declined to review them. It did, however,
produce a commentary which noted (p.4) that, "Although each criteria document
now inciudes a chapter discussing uncertainty, the content of the chapters is very
qualitative and is not the rigorous technical analysis envisioned by the
Committee." In its section on policy considerations, the Committee also noted
(p.3) that, "radon in drinking water is & very small contributor to radon risk except
in rare cases and the Committee suggests the EPA focus its efforts on primary
rather than secondary sources of risk." This commentary was transmitted to the
Administrator January 29, 1992 (EPA-SAB-RAC-COM-92-003)



The January 9 and 28, 1892 reports also contained other advice
reievant to the scientific assessment of the risk of radon in drinking water.
Additionally, the January 29, 1992 report provided policy-related comments on
radon in light of the SAB report, Reducing Risk. A May 8, 1992 Radiation
Advisory Committee-commentary, "Harmonizing Chemical and Radiation Risk
Reduction Strategies,” described chemical and radiation risk reductions
paradigms, discussed the difficulties of applying a paradigm developed for one
type of contaminant to the other, and recommended harmaonization.

: In the winter and spring of 1982, the Committee conducted a review
of the EPA's, "Suggested Guidelines for the Disposal of Drinking Water Treatment
wastes Containing Naturally-Occurring Radionuclides” dated July 1990, The
Committee found that such guidelines were needed because of the potential
radiation doses to treatment plant workers and the public. However, the 1990
guidelines did not fully assess the magnitude of risk from exposure to treatment
wastes, nor did the document specify whether the radiation exposures to workers
should be considered as occupational exposures or viewed against dose limits for
the general public, a decision which will have considerable bearing on any final
guidelines. This letter report was transmitted to the Administrator September 30,
1892 (EPA-SAB-RAC-LTR-92-018).



APPENDIX B: Chaffee-Lautenberg Language from the Congressional Record
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ZSH2NDNG of the Balanead Rudget and
Emavgency Denen Control Aot of 1885, ar
amended. " and (2] sirucing the matter under the.
hogding “Ditoiwer asststonce direct logx pros
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undsr section 417 of the Robert T. Siafford [He-
axter Aptivianss and Emerpency Retlef Act, as
amended! Provded further, That any unused
portion of the derect loan Emitation sholl be
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ther, That the entive groynt ir dagipnated by
Conpress gr on tmerpensy rement purauant
tg yeceion 25I(0 N2 D} of the Balanced Budpet
ausmnmmﬂmmmmanm ax
amengded,

Rem{m:( That tha Honaa mcado from ita
disagresment to the wmendment of the Sen-
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;:oncur therei: with an amendment a3 fol~
ows:

In Nev of the mm proposed by aald I.monﬂ-
mant, [nsert:.

J160, 405 000: Provided further, That up W
11,008 000 of the funts g tad under (hiz
heading may be trangferred Lo arnd marged with
rudn;.t appropriated for “Office of Intpartor Gan-
eral”

Resolved, That the Houmse recede from itx
disagresrment to the Amendmiant of the Son-
ate pambered M0 to the kforesald bill, and
;:ﬂumr thereis with an amendmant as fol-
oWy

Io Man of the surmn propossd by sald amend-
mant, inzart: $253 243 000

Resolved, That the Houss recode fram jta
dizagreement to the amandment of the Sen-
ate oumbered 244 to the aforesald bill, and
smneur therstn with an amendment i fol-
Tows;

Restore the [mattar stricken by uld
amendment, amanided to read as follows:

CONGRESSIONAL RECORD — SENATE

(1} xir workyesrs for the Office of the Direc-
tor, (2) 22 workyears for m Office of General

concur thersin with an grmandment as {fol-
lows:

In Lan of the matter mpcwd by Aaid
amendment, sl

NotwithArianding any other provigon of bkl
or Guy other At with reypect to any fixcal year
the Homardous Mourialy Branck of the mu
Techuological Hozards, and all funds grd slafy
paars providad to 1 by this Act, shal be fang-
Jerred from the State and Local Programe and
Support Dirvectorate by tKe Unitsd Statss Pire
Administration within N dayr uf the enactment

disugTeoment o the amendment of ths Sen-
ats pumbersd 260 to tha aftrwsndd BOL, and
concur thoreln with an amendment =& fol-

lows:
lnuauotﬂumttarnmmmdwmd

ageny 't orpanizationdl ptructure and, within
140 days of enactwmemt of thir Act, submall 10 tha
appropricte commitiesr of the Congress & reor
paxdimHen plon which reflacts changing mitrion
reguirements and priovitier. The review thali in.
Clude o assesyment of the National Prepored-
nayy Direciorate gnd &ramdas potential clier-
nasiedt to meet Ul dintorate's principal ob
Fectivar while increceing overoll agency effi-
lamry, . . .
Resolved, That the Honse receda from

its diagereement to the ameandment of

the Semate numbered 277 to the afore-
said blll, and concur therein with an
amendment as foliows:

In llen otthem&mmermbrm
Aamendriapnt, insart:

The Mission Stmulxtor and Training Foctliy,
Rutliing Number &, of the Naticnal Acronagubiss

ond Space Adminirtrotion, located of the John-

son Spane Center in Hourton, Tesxs, i hereafter
named and derigmated the “Joke Garn Mission
Stmulator and Traiwing Foolity™, Any ref-
‘evemce in o low, rule, map, regulctiom, docu-
ment, record, or other paper of the United Stalet
& mch-,rddmy shall be held g be 2 reference Lo

the “Joke Gars Mizrion Strmulator and Tratning
Facility™,

Rerploed, That ths house recede {rorn fta
disagToemsnt to the smendment of the Sen-
ate pumbared 33 to the aforessid biil, and
copcur thepein with an smandent as fol-
lowk

In e of the matier propossd by said

endrient, insark:

§2C, 191 Sare DRIVEDNG WATZR ACT DeFiZ-

(a) Sars Dﬂnkmg Water Act Raport.w-'rhc
Admintstrator of the Environmental Protec-
tion Agency aball peport to the Congress
within nine mozths of the dats of ensctment
of this sacticn recommenbdations concerning
the resuthorisation of the Safa Dripking

Watar Act. Sack report shall addresg-w

{1) the advarse health effects psociated
with contaminants in drinking watet and the
public baalth and other bepsfits that may be
realizad by ramoving such contaminanes;

(%) ths process for identifying contami-
pants lo drinking water sod ssleqting con-
taminanta for control;

(3) zchedities for the development of raga-
lations and compumm w:t.h drinking watar
stapdards:

{4) the Nnancial and tesheical capacity of
drinking watar spstams Lo lmplement man-
ltoring requirements associsted with regu-
lated and nereyulated contaminenty and op-
tions to factlitats ympismectation of such

‘Ings. The
*

515103

reqairemants, - Witk wpacia]l empasslzs on
amall cortranitio

(5) the fmancial ond lchanicgd copacdty of
driniing water yitems o (nacll rextmenr fo-
cliitiet nateded Lo atrure complicnoe with drink-
ing sater pasdards and opiiomy 0 facstiiicie
compliance with such rigmagrdr. with specigl
amphars on grall commmmises;

(5 the Mnoncial gxd itachnis! apsolly of
Siatey i twnlement the d¥fnideg volsy prrogvam,
insdurding cptonz for (AcTeanng funding of

State programs; and
(T) tnnovative ond glfernilioe metkods Lo b

crense the fnancial and teviorirnd opecity of
drinking water systems ond the Stutex L anute
effectipe implemeniation of sulk Act.

‘() MORATORIGM AND REPORT ON RADN
NUCLIDES [N DRINEING WATER (1} The Adwdn-
istrosor of the Exvironmeninl Protectios Agency
shall cemduct @ risk axrrment of radon conld-
ering; {A) the rizk of adverse huwnem heclth of-
Jecty associaiad with erpogure to tariour path-
ways of mdon: (B) the coaiy of controling ot

shall conrider the riska posad by the iractmemt
or disposal of any waster produces by waier
trotmient. The Sclncs Adnimw Board skail re-
vine the Apency't dhudy ond sulmtit a rec-
ommendition $o the Adminivtryior om iix find-
Adminixtrotor shall report the Admin-
irtretor's fudinge oad ke Scisnce Adoisey
Bogrd recommendation Lo the Senate Compgitoe
on Environment ond Public Worke aad the
Houae Comndites on Exergy and Comerce. Not
later thax Juldy 3, 1553, the Administrater pihall
publizh the Addminivvator's study and risk or-
noaenl and the Science Advisory Boord re-
errnendotion,

{2) The Admizistrator {5 directed, {f additional
time iz radred to establish the radim Mondard,
10 22ek am ExXtension of the decdling Comixined
In the fudiolly-topopat (xmsent decree for gro-
mulgotiom of the radon piondiid to G dote ant
later than QOctober 1, 1953,

(€} Smoll System Montloring Coxl Redfue-
Hon—With respat Lo mokilonng reqoTenoals
Jfor grpanic chemicals, pexticides, OBy or un-
reguiated contamingnit promuipated ix Jonvory
199} {kmoum ar the Phose 1T rele), the Admingy-
tratar or a primacy State may modify tuch re-
quiranenty (o provide that aay drinkdng water
Syitem rerving & popuiatim of less thax X0
persony thall aol be vequired (0 condust addi-
Homgd quarierly soninring for & specific Son-
{gminant ‘of confominmis prior o Ocipber I,
1982, {f monlioring for amlr one quarier oom-
durcred after the dote of enaciment of thir fub-
pectiorn and prior fo Qetober I, 1933 for any such
cimbrninan! or conlamiriots foils to detect the
prigence of muck comtowdaant or conbdringnds
in the waler suppisd by the deinding water Spy-
team.,

The PRESIDING OFFICER. The
clark will report the amendmaent.

The legialative clerk read as follows:

Resolved, "That the House receds from ita
disagresment tc tha amendsoent of the Sep-
ats numbersd M2 to the aforsiald Dill. and
congur thereln with apn amandment xa fol-
lows:

In lisa of ths matisr propossd by said
amendmant. insert: ' Provided, That the
Coancil on Enmmmnul Criality and Office
of Enviropmental Qmaltty skall mlmbuarss
othar agencies for not lery than opshall of
the parsonnel compensation coats of individ-
ualn datatled to 6.

Mr. METZENEAUM. Mr. Prestdent, I
rise on behalf of Senator WIRTH to ad-
dress myself to this amendment. which
I very strongly support. Senator WIRTH
is unable to be with us &t thiz late
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