
Un- Sllolos 
Envilonmenllol p-·- Sclonao Adlliool)' 

Board (A-101) 

&EPA AN SAB REPORT: -. 

• 

EP.O..SAB-RAC4l.C1• 
July,11n 

MULTl-MEDIA RISK 
ASSESSMENT FOR RADON 

REVIEW OF UNCERTAINTY 
ANALYSIS OF RISKS 
ASSOCIATED WITH 
EXPOSURE TO RADON 



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

WASHINGTON, D.C. 20460 

EPA-SAB-RAC-93-014 

Honorable Carol M. Browner 
Administrator 

July 9, 1993 

U.S. Environmental Protection Agency 
401 M Street, S.W. 
washington, DC 20460 

OFFIC~ OF TH~ AOMINISTRATOR 
SCIENCE AOVISORY BOARD 

Re: Review of Uncertainty Analysis of Risks Associated with Exposure to 
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 ge.neration 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 (EPA-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 29, 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 health risk analysis and 
exposure analysis. In considering adequacy in the review, the Committee was mindful 
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. 



Technical Observations 

The Committee commends the EPA staff for having produced an excellent 
document that respondp 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 selected. 

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 smaller 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. 

Polley Considerations 

The comments below, to some extent, reaCh beyond the strictly teChnical issues 
examined by the Committee. However, the Committee feels that it was important that 
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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. 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 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. 
We acknowledge, 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 look 
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forward to receiving the EPA's response to the this report, particularly as it relates to 
our explicit recommendations. 

~C.~e~ 
Chair, Executive Committee 
Science Advisory Board 

Sincerely, 

Dr. Genevieve M. Matanoski 
Chair, Radiation Advisory Committee 
Science Advisory Board 
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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 ancl other officials of the Environmental Protection Agency. The 
Board is structured to provide balanced, expert assessment of scientific matters 
related to problems facing the Agency. This report has not been reviewed for 
approval by the Agency and, hence, the contents of this report do not necessarily 
represent the views and policies of the Environmental Protection Agency, nor of other 
agencies in the Executive Branch of the Federal government, nor does mention of 
trade names or commercial products constitute a recommendation for use. 



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 concerns 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) lack 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 quantitative uncertainty 
analysis. The Committee 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 small 
compared with the 11verage 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. 

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

1.1 Background 

In EPA's 1993 appropriation', 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 evaluation 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 waterborne 
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 trans'mitted 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; (c) 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. 

• 
1 
Departments of Veterans Affairs and Housing and Urban Oevelopmen~ and Independent Agencies Appropriation Act. 1993, 

PUS. L. 102-398, Section 519, 106 STAT 1618 (1992) 
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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. Its 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 (c) and (d) above, the Committee recommends that EPA re-examine its 
assumptions about which water treatment technologies 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 analysis 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 10·7, with a stated 90% 

confidence interval around the mean of 1. 8 x 1 o-7 to 7. 0 x 1 o-7
. 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 1 o-7 with a stated confidence interval around the mean of 6.9 x 
10-4 to 6.4 x 1 o-7.' The Agency's nominal estimate for individual lifetime inhalation and 
ingestion risk per pCi/L for radon in drinking water are 3.0 x 10'7 and 3.5 x 10'7, 

respectively. Therefore, for drinking water risks, the contributions of the inhalation and 
ingestion are almost equal. 

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 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 l)sk estimate is based on two major factors: (a) an estimate of the 
distribution of radon to organs iri 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 particles associated with radon and its progeny. The Committee 
recommends that EPA 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 uncertainties 
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) 
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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 
uncertainties) for each exposure pathway to ensure consistency 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 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. (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; 
how7ver, 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 Jess 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 
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the use of granular activated carbon (GAC) for radon removal from 
drinking water 

i) Recommendation EPA did not provide an analysis of occupational exposures 
as a resulf 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 ul5e 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 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 regulation and 
to calculate a range for the estimates of cost/life saved. (3.4.1) 

k) 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 the same assumptions as were used to 
calculate present-day risks but using for radon concentration a lognormal 
probability density function truncated at the maximum contaminant level. 

(3.4.2) 

I) 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) 
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1.3 Policy Considerations 

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 regulatory strategies. 

The Committee believes strongly that the explicit disclosure of uncertainty in 

quantitative risk assessment is necessary. 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. 

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 a$ 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 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 (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 
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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. 

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 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 
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. 
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2. INTRODUCTION 

2.1 Relevant Prior SAB Reports 

For many years tlie 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 can 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 associated with exposure to various pathways of radon; (B) the 
costs of COQtro/ling 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 regulations. 
Such an evaluation shall consider the risks posed by the treatment 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 pi.Jblicly 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-public 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 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 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; (c) 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. 

10 



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 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. 

Discussion. Revisions of ingestion risk resulted from modifications of 
gastrointestinal {GI) 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 concern 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 Gl 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 alternative 
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. 

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

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 multicompartment 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 (including ranges and their uncertainties) for each exposure pathway 
to ensure consistency with original data sources. 

Discussion. Some examples of discrepancies follow. 

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 pr~sent 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 

Although 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 
presentedl0.3 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 pCi/L. 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 GSO 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-borne 
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) The EPA acknowledged uncertainty in each step of the calculation. 
b) The EPA i&ntified the sources of that uncertainty. 
c) The EPA examined uncertainty about best estimate values and about 

best estimate distributions whereby the distributions represent variability 
in exposures and risk among individuals. 

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

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

f) 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. 

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

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

Recommendation The Committee recommends that particular 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 exposures (Type B uncertainty). This latter uncertainty also 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 uncertainly analysis and has adequately documented 
its choice of PDFs used in its analysis for describing uncertainty about the true value 
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 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. 

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 ~iscussed qualitatively in the document is the influence of smoking 
on increasing lung-cancer risks from radon. The risk coefficient for airborne 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 mobility of the population implies that not every 
person currently living in an area with especially high or especially low radon levels 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 overall 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 (MEl) 
living near the treatment 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 
compliance 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 
ensure that this comparison would not favor the proposed standard solely through 
differences in assessment 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 
MINEDOSE model is thought to provide conservative risk estimates. In 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 calculated for an MEl 
who was defined as exposed to the highest concentrations for the longest possible 
time from discharges under worst-case meteorological conditions·. The Committee 
concurs that the set of assumptions chosen was generally quite conservative. 

The MEl 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 
MEl risks appear to be much lower, generally falling at or below the risk due to 
exposure to radon in drinking water at 300 pCi/L. 

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 semiquantitative uncertainty analysis of the MEl risk 
calculation and concluded that upper bound risks would remain in the vicinity of 1 x 
1 a~. 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 results. 
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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 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 granular activated 
carbon (GAG) for radon removal from drinking water 

Discussion Another technology for radon removal from drinking water is 
Granular-Activated-Charcoal (GAG). Although GAG 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 RAG on February 18, 
1993), EPA discussed various issues related to the use of this technology which 
mentioned radioactivity accumulation in the GAG (mostly lead-210). However, while 
the memorandum mentioned the issue of GAG building 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 GAG 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 RAG 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 granular 
activated carbon filtration (GAC), in which case build-up of radon progeny in the bed 
can result in an increased 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 exposures either to radiation or to chemicals (such 
as those used as biocides in aeration facilities) resulting from some water treatment 
technologies. 

3.4 Other Scientific 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 regulation and to calculate a 
range for the estimates of cosUiife 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 results 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) 

5th Sth p•reentlle Median 95th pei'Cfl:ntU. 95th 
pe~ntile ~e(t~n Med~n Percenti .. 
Lower Bound ....... Uppel' Sound 

Inhalation 1.6 I!. 10"'0 1.1 )( 10'"~~' 2.7 X 10'Iil 6.3 )( 10"~ •.2 X 10'* 

Ingestion 1.2 )( 10"'~ 3_7 X 10'10 1.7 X 10• i!l:.!i x 1D'Iil 2.0 X 10"" 

The nominal unit risk in the proposed rule is 9.4 x 1 a-s 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 5.5. 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 
~re 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 
being 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 

Expo14.1re Pathway 5th Patcentlle Med~n 95th PoreenUle Upper 
Mt;t~ian Modlon Bound 

lnhal&tion due to Water - - - < 1 
Tfe;atment 

Inhalation ftom Drinking '"' 105 233 -
Walllt 

lnue .. lon 'rom Drinking 1. 53 1611 -
Water 

lnhallilltlon from Outdoor Air 280 657 1,$00 -
lnhG~ki!Uon from Indoor .fJr 8,790 1.,.10 30,1150 -

21 



Th£1 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 "Of 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 regulation 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 calculation of the nominal value in 
Chapter 3, the weight obtained as a result of the uncertainty analysis is approximately 
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 90% 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 calculated 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 Revlllw 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 becames part of the mainstream of 
scientific criticism, revision, and acceptance (Gr 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 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 regulatory strategies. 

The Committee believes strongly that the explicit disclosure 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 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. 
The confidence in the risk assessment should be a major factor in determining 
strategies for regulatory 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 
regulatory levels of concern. On the other hand, when these confidence intervals 
overlap the regulatory levels 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 readi~y 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 disclosure in the risk estimate should 
be factored into analyses 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-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 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 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 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 
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 
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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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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 pollutants for radionuclides. That report led to the 
formation of the Radiation Advisory Committee to "review risk assessments for 
radiation standards" . The report also stated,"A scientifically defensible risk 
assessment for radionuclides 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) calculation 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 Criteria 

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 concerns 

about quantitative uncertainty analysis. The cover letter of the November 10, 
1988 report (SAB-RAC-89-003) highlighted three findings for serious attention by 

the EPA, including, "To date, EPA's treatment of modeling uncertainties has been 
qualitative rather than quantitative although 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 
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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 1990, the Radionuclides in Drinking Water 
Subcommittee of the Radiation Advisory Committee reviewed draft criteria 
documents for radionuclides in drinking water, including those 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 includes 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 a 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) 
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The January 9 and 29, 1992 reports also contained other advice 
relevant 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 harmonization. 

In the winter and spring of 1992, 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, 

1992 (EPA-SAB-RAC-L TR-92-018). 
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APPENDIX B: Chaffee-Lautenberg Language from the Congressional Record 
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mall ~ traru/erretl eo W ·~ ~liiCe COD.CV tJ1ofoln W1.tb. ·AD &ma.dment M tol· 
DtT«:t. Loa:n /"'rrffrttm' GCan~JU: /(lr Odrni:I".J.ur'G- lows: · · 
~ .. ..,.,..., """-[fit "' .... - "'.. In u.. o! tho m&tter JltOII0'04 bJ' llllld 
trid£d V.tuf6 ~ -411 0/ ~ .Act,· G-.d O/ &nWID.dmeDt, lDMt"t:. . . 
,IQcA JUJ,at/IJ.at/IJ .....S bt awUa•l< o"'r lo U.. 'I'M VI- of Ill< W """"- .11.,... 
.,..,., ao o/ft<11>J """""* ..-. 1M "'>fl<l'lflt: ..-1-lloo/! -lotk..o """""'o/U.. 
~oJ/IIt -~·--~aon of U.. .. ....,., M_._ ......,.,.,.. ....S, ...w .. 
trt.tir~ ,amou1'tt o/ tA.e ~ tu an ~~ liJO dd111 of ~t of tiW Aa. ~c "' u.e 
•<Qid'""""' .. - In u.. 84/a"""" - Clp)n'opria!< <:01!1111111U4 •f u.. eo,..,._ " ..... 
o>lll -- D<ll<ll Coolto! Act of 1915, 1:1 -~ .. olen 10AI<hl'</1ti:U <:/llmQI""-
<ta..-11«1 br 111.< ,.,_ ,. 1M Co!~Qra>, IQ ,..,...,......., a>ld--. 'I'M rm.u> rll<l/i In• 
tt.mt.lt'4 a.~ aala;c: 1 r1" PfO'Iiktd:tl., 1'hilt Cl~ eft a.nasmen( o/ uat- NAUonal ~~ 
II>< .. tt .. - U-'011 C...,... <U .... Dlt<oU~tG« aM -IW I"'IC!Itlal alloF• 
a:n. m~Mf~ ,~ Jmt,fuAiU lD HCdoft ftllttt.IS:t to fMft Chez( ~,. ~ ob--
25111>)12/(D)(IJ or ,.. - lhulo« and i<C«.-« u>IUJ< 111<:1'<011"" o..,.,U GO<ft<ll <fll­
s-..,.cv D<II<:U Cooltol . Act 0/ /915, .. -· 
....,.dM," alld 121 ,........, U.. ...,..., ulld<o' u.., Rao/11011, Tb&t the Houae recede from 
MG.dJJAQ ··~- 4tNt4'MI! i:hrect loa~~o 11'0+ · 1ta d18a.greement to the amendment at 
"""" ""'"'""'" """ s..-l,. lku fM«<f' "'Til.< the Senate """"- 27'7 to the &Co..,_ 
"'"'~" .. """"' ""'"' IM u.. 'DUal"" ..,. l!&.!d bill. ·~· con= therein 'll'ith o.n :ism~ df.t~ loG-'ll! ~ G.eco~t· f.t tn,... _.,. 
.....-. IDI<A<" .....,.., /><..U, br UJJJ.IXIIl.atiiJ,. amendment u !ollo'"' · 
no! to c:aed. li!!4.D«JOQ(J: ~ further, ln. llw or tb.e mat.w 1:Serted. by ~ 
1"Nl: Mt to UOIII!if1 SJ4 ,tPJ,OfXJ U 4VGtz.:lble fur cf'l· a.=Md.Jnellt. lDiort: 
""'' loa" ow-.,...._ to dl¢01< -~- 'I'M MIUIOfl ~ a!ld 7'1'<11111"" ·Fac<~~ll/. 
co.nt.r (H" to Si(a.1l:i "'~ l«ttoa 319 Of UW: ~ .8uJJ4ln~ NU111ber S, o[ ~ Na.!tcnal Aero~~ 
.,., T. SIQ.flord 0uo>«:t .u.!J<a'~« alld -· alld 311<><:< Mmt111mo-. 1""'10<1 "' U.. Joht1· . 
gtmcy R$1:1 .Atf. tu ~: Prauf.ded. {14~. 10n Spo.ct. C~l«f tn H'"""'n. Tt=.f. 4' h#t:a/tl:r 
TAD< o<t IQ ...,.... UX!,IQJ,at/1) II a....-1. fot """""' alld ~ II!.< "'JIJJ« Go"' MWI .. 
amnmu.nlty dUcuet:!' lOaN' t.o local g~tl S1mulalor aM TnU~ .FGalfC¥'". Any td­
u.ndtor ~tt. 4J 1 of Ut-e &>bert T. 8'..4//0td. DU· · t"f'eRCC ·'n a. IGW!, rult, map, r~. ttocu­
...,., .....,.,,..,. o.<od - N!k/ A<t, tu ......_ -· « ollltt ,.,,.,. of u.. Umkd SIQ.Iet 
~ Pt- /'l<ttl!.<t, 'f'Aat """ ""used IQIUCII·f"""'lll•llafl l>tlltl41o bt" t<f .. .,...,. 
"""'"" of Ill.< """" Iooft !lmfi<Jtlo!l 11><l11 b< U.. '"J- ()a"' MUJUm - o!ld Tnll!t("<< 
ooo!l4bl< .... tu&t>....,., :Ill, 1993' Ptl>tlld<4 fU<- FacflliJI", 
"""'· '~'""' U.. ..,.,. """""" u ~ br Rtlolll«<, 'I'lllt tile lloa1ro l'OOede !tOll> '" 
Co~ w G"-~ f'l!qWrmsnt pu.rnAnt 41Agreement t.a the amoa.dm&n~ .or the S.D­
<o-..ZSI(&)(l~D,tilotlii<Boi<J""""Budoet .,.. ou.r.,._ 30:1 to the at.,._ld bill, &Dd 
a.'ld. ~De~~~ .Act ofl965; M caDeUl' tlientn W1tb. aD amecwnenc. u tol-
llMI:.~ "+ Iowa: . . 

Flesol'-"!4. o:nz...t the HOUA4!11 ~~~ from ltl In Uet:i of the. matter pt0p(l&t'4 b;J' said 
11tSNn"O~:~f11ea:t tQ the ametubnu:t ot the Seo~eodnlen.t. ~rt: 
ace ntUnbe"'t1 147 t.o t.he atol'M&1c! bill. a.GG!f' SIC. t'Sl SA.I'C ~ 'WAP:R. A.ctr IMPtl-
coacqr t4oreUl wttb. .t..n un~mdmont -.. fol... grnnpf'. . 
lo,.o: • . (a) sot• Drinktnr Wstor Act ~«opo<'l.-'l'ho 

ln llea. ot the :ni.z::J.-,proi)Oied. by Wd amend.- A.d.mtntattat,o.r ot tb.e ED.vtroameaU.l Prot.ee-
ment. lOiM!trt:. t10D Ag'ODC.J' ~1 ttport to tl!e CoqteM 

1160,409,1»'): Prtn1fd.ti1 furtlu:r, That u.JJ to wu:h.t.D .nine montb.4 of tile date of' ena.ctmeat 
1/,(/IJ(),at/IJ of Uu: 1•'"4< ~10<1 ulld<o' IIIII or tbll ooottoo n>e<>mmefldatiO!Ill coooorullltr 
l!.<o4"'<J ""'• b< lta"l/...-.4 IQ alld ~ !1111/1 tho ..... uti>Ortu.tiOD af thO WO lll1ol<lDt' 
nmu· a.:nrrovusud /or .. OIIft:C r;f !~ ~ -~'ator Aet. &leh report mall a4dreef-
e-ra.l'' (1) tbe &dverM health ettects -.seo¢ll.ted. 

Raoh«f, ~t tbe HoDM l"ff**e from ltl wttb eonta.ml.D.I.Dtlln drt.DktD«" ••tOt &Q.d. the 
dS.sarreomeo\. too tbe ~clmaot or tbe SeD- publto b-.Ith &nd. other boaent. u,at;. na&J bo 
&te :ownbl!i~ Jc8 to ~ arotM&Id. bill, a.a4 tea\bl:l4 1)S' nunovtq- sach oont.&m:tna.o.ta; · 
CQI:ICQC" tber.OS :w1.Qi an amendment u !ol'- (2) * procoa for tdeDW'1tDI' OODtaml-
lo"'ll"r'r: • D&Dte 1.11 ¢rt.nkiD.C" wa.tor aod stle¢t1DC' caa-

Io Ueo Of tbe $U.m ~txtt&d by said. a.men4- til.miD.a.nte tor cont.rol: 
lflO.Q.t. ln;!M't: $.25J,Pf3,(1t10 (3) 5e!J.ec1Ules for the de~lopment ol NfU• 

f4>.:o!ved, 'I'hat tDo House rel»de ttom ttl latioa.11 IIW<l eom.plJa.noe wtth drtllii;1.Df -..t.Ar 
dl~~meut tQ tbo am-en~ant or the Sea- ataudatd$: 
a~ uwnbore4 264 to tile atoteS&14 .btll, a.ad. (.f) tbe OD&D.clalllld. teeh:Ucal eapactty ot 
O()ncu:r thii!IN~I.O: wtt.D. a.a. ~ead.Jn~t a.s fol.: dr1nkUI&' w~~ow S.18tema to implement m.o.n­
!owli; ttoring n4,1.U.tl!lm!'a.te aaoctatod w~f;ll 1"1!18U-
~'Eito~ tbe .cnatf.el' at.rlell:oa by WcS la.ted Uld Q~tult.~4 coata.m.tnants arut op-

amen4:neDe,. a.meJJ.(Ied to read u toUows: ttoas to !.iLClllt&te unplemootattou Qf ~Ch 

f'ei1U.~Dt4,. · W'IU. llpQC1a.1 ~m:;,ti:IUUI OD 
!mall ~'ll.D.ltlu; 

IS) 1M Ji.-.cla( """ ""'""""' """""'"' of 
d~ wow ~·UN to ftUtGZZ o-~~ /o-
cUtt:1Ci 7IM:d.ecJ tD G.t:aJ.t"C co=li:ncc wit.\ Cfmak-

'"" - -- """ - to /<>«.~141< 
""""'"""' .. Ill liUCl< -· ,.;Ill -~on JPI4Jf ~Ceta; 

(6) 1M ,_ .. .., ,_....., .......... ., 
Sca..c.:t ~~f. tAt!:~ uwtt ~ 
:I~ ~ fat ~:IIQ' .N4dJ,.rt(j ,, 
St4U prQs7fGRU; ct1114 

(/) _ .. """ aif.Oma'l ............. "' ,_ 
.,,.,,.. U.. ll.....aai a'ld ""'""""" """"""" of 
dt'tftld~ uaater -G'.ffemli cacf ~ S4r.te:~ to a.tna"t: 

<ft«:tt .. ~~~~~ •r ...cA """· 
' (b) MQR.AT'OIUflll AND /lDOR.T DN a.uuo. 
Nt1CUD.U IN DtuN~ W.,t.TM....--(.1) TM ~­
~~-of U.. Eovl.............., PfO""""" ... ...., 
6hGU conduct G Nt " tt""P'laat. Of JGdoJi. COft.1:£d. .n...,, (.<.I 1M .W. of ......... A"'""" h<dlh <f· 
1~ a --w wWI. ~re to :tGriaw rath~ 
waat.l of nJ.d.OIIl;' (11} ~ cosu of co~ZlfnQ M 

......... ..., -· .. """""' """ (C) Ill< ..... ,.,,_- .... -~br 
- • ..s .................. ......_.,.. 
omt ~ 01, Oli .an~ Gf ~ 
......U of .nociJ ..........,..._ Svdo "" eoal...,.,. 
ol>o!l- u.. tub ,.,. br u.. ... ..-
01 ~ of oar IDI1I£a ~at .. .,.., br ~ 
-:rM-~Boatd.t.all,... 

- Ill< AQ<ftcll'• - """ -· • -....... - .. .,.. _. __ "" ,., 11""'-
f-. TA< A-- rAdii..,.,... U.. Adodo­
_ .. }lftdl- - u.. - ............ 
BOIPd. iw:!ICOiftiMtlldatWw. "' ~ ~ ~tW 
" Elndtolti'.MJU G.M ~ Wotb ad tM 
HDVM COilut'dttee O'A ~eM. ~. Noc. 
l4lcr UIOR IW.V Jl. /SW, 1M A4ool....,.., ....U 
publUh. t1w ~(lt.or•.J #2Ulv a:M nsk (I.J-

__, """ u.. - """"""' Bomd ...,. 
~=~n.. 

(2) 'I'M A-- 1J cU...etd. If GddillCOO<>I 
t~:otew-t<d to..-A u..""""' -d. 
co xet 0.11. t.l'"UMlcm of tk ds1c:Uil\t. cow.t.a:i~ 
fw. tAe ~~~ ~aMd (:r)n.:ttnt dt:cree }Of' J"D-r 
~ of~ ~ #0.21.da.:'l:l': ttl a d4U 11.01 
-Ilia~ Octob<t /, 1993. 

(c) SW1o1! s..- M .. llo<f"" CO.t &do.e­
t:IOL-WttJ& respeCt ttJ tMtdtonftY' ,.~:r~U 
Jar urga.n.~ ch:tndar!.i. ~. PCBf_·tn u11~ 
regu!O.~ cotttnmhwz:"-~ :p'I'"07ti:IUQatec:! t"- Ja.'"-rnrr 
1!1!'1 (- <Lt til.< PM>< II ndol. U.. A..,,.,._ 
m.zcor or a. ~ SUUe ~r rMJ4lh :tad&. n­
~u eo ~ t~w~e a.J' drl~IIQ ~ 
##eflt ~ 4. ~ of lest ~aw llOO 
pen0"'* ~~~ Mt ce T~h:d eo co~ Gll.ii­
#GIMJI qtm.rutl:v aao•"f;orlKQ /ttr c. .n«ifit: L:Qn­
eanu_,..t: 'or con.~R~Plt:t fJf'1Df. t.o ~ I. 
1913. 1/ m:oft:Uon..., /(Jf' c:mtr 01$t' ~ con~ "'"'*" 0/ler lite t1at< of """""""" of '"w Jub. 
MC.'tiO'II cmd Jl'f1or :0 ~I. 1993 Jqr an.~ .n&dt 
~t. or~ /04# eo~ :.\e 
pi'I!:NftCe o/I'Ud& eooo.tmn!AG:"' OT" co~t.br.bt.an.ts: + 
'" U&« ~ 1'1'PJ)ittd D)" tA.e d:r1D..l:illl IIXtW .S)'.t-

~ --~--
The PRESIDING OFFICER- The 

cleri< will repore U>e a.mend.Jnent. 
The legtol&tl.ve clerk read aa !olloWl!: 
R<>olll«<, '!1>&t the Haase to<Odo !roto Ita 
~ea:' tc. tb.e ~tot tDe ~.p­
ate numbonct :)12: to tAo .Nor8a&14. bill. ~4 
concur tlleteln. wltb. ac ~d.moa..t ....,_ fol­
Ia.., 

lD. llou. of the matter progosod by •ld. 
ameaclmeD'-. 1nMrt: •": F"rotrlJkd, 'I'bat. the 
Coa..Dctl OD Bc~atal ~!t7 ~ orne.. 
o! ilDvtro-tal Qo<Uity <l:Sll "'lm"""" 
ot:Ur AQ'OAde$ for- .DOt INS ~ OD~ltal! o! 
the PM110DDel cornpeDA~on coeu or lnd.J>~tel· 
u.al:l d.ota11~ to lt..''. 

Mr. METZENBAUM. Mr. Pres!deDt, I 
nee oD beb.a.l! o! Senator W!llTH to s.d­
<ln>BB myself to thlo a.me~>d.Jnent. ..-hlch 
I very strongly suppOrt. Senator ';l."tRTH 
!a unable to be with us &t thlo )Ate 
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