June 8, 2000
EPA-SAB-RAC-00-010

Honorable Carol M. Browner
Adminigtrator

U.S. Environmenta Protection Agency
1200 Pennsylvania Avenue, NW
Washington, DC 20460

Re  An SAB Report: Assessment of Risks from Radon in Homes
Dear Ms. Browner:

At therequest of Mr. Stephen B. Page, Director of the Office of Radiation and Indoor Air
(ORIA), the Radiation Advisory Committee (RAC) of the Science Advisory Board (SAB) reviewed
ORIA's draft document titled " Assessment of Risks from Radon in Homes' (October, 1999). The
RAC previoudy reviewed ORIA's methodology described in an ORIA "White Paper”. The RAC's
recommendations were tranamitted to ORIA in aJuly 1999 SAB Advisory: Assessng Risks from
Indoor Radon (EPA-SAB-RAC-ADV-99-10).

The RAC held a public meeting in Washington DC on November 16-18, 1999 at which it was
briefed by, and had technicd discussons with, ORIA staff and conducted writing sessions, producing a
draft report. The report addressed the charge questions as well as other issues beyond the charge
identified during the public meetings

The RAC found the ORIA draft document to be generdly well-written and documented and
was pleased to note that ORIA took into account the advice contained in its July 1999 Advisory. The
RAC commends the authors of the draft ORIA document for applying and extending the risk
assessment methodology contained in the National Academy of Sciences (NAS) Biological Effects of
lonizing Radiation Committee report (BEIR V1) to produce a credible modd for use by the
Environmenta Protection Agency (EPA) in its efforts to inform and protect the public with regard to the
harmful effects of radon decay products indoors.

The RAC responses to the specific charge questions posed by ORIA are asfollows.

a) Question 1: Are the methodology and overdl gpproach for assessing risks from radon
in homes adequate?



The RAC found that, in generd, the EPA's methodology and overall approach for
asessing risk from radon in homesis adequate. The scaled concentration (SC) model
derived by ORIA is areasonable adaptation of the models devel oped by the BEIR VI
Committee. However, the document does not adequately describe the method and
justification for the method used in deriving the SC model. These methods need to be
trangparent in order to be credible to the potentia modedl users.

b) Question 2: Are the assumptions behind the cal culations appropriate?

In genera, the assumptions used by ORIA in the caculations are appropriate.
However, ORIA's discussion regarding the effect of smoking on radon risk should be
clarified. ORIA should further congder the issues of changes in smoking prevalence
and the impacts of other lung carcinogens on risk.

) Quedtion 3: Have the limitations and uncertainties in the assessment been adequatdly
described?

The RAC was pleased that ORIA expanded the uncertainty analysis as was
recommended in the "RAC White Pgper" Advisory. However, the ORIA assessment
did not adequately take into account the model uncertainties. In addition, the
assessment should discuss biologicaly based modds as well as other Satistica methods
that could be applied to the epidemiologic datato evauate risks.

The RAC aso addressed some issues beyond the charge, related primarily to enhancing the
potentid usefulness of the ORIA risk assessments for awide variety of applications. The RAC
continues to urge ORIA to make the model more ble and trangparent through an expanded
discusson of the derivation of the SC model. A discusson of dternative models would improve the
risk assessment documen.

The RAC compliments ORIA for its efforts in adapting and enhancing the BEIR VI models for
use in estimating risks from radon and its decay products. Thisisavery complex issue and EPA's
methodology is likely to receive careful scrutiny particularly since the lung cancer risk estimates derived
using the SC modd are gpproximately double the previous estimates. The ORIA document is credible
and, in generd, well done,



The RAC gppreciates the opportunity to provide this review to you and we hope that it will be
helpful. We look forward to the response of the Assstant Adminigtrator for Air and Radiation to the
comments and recommendations in this report.

Sincerdy,
/sl /sl
Dr. Morton Lippman, Interim Chair Dr. Janet A. Johnson, Chair
Science Advisory Board Radiation Advisory Committee

Science Advisory Board



NOTICE

This report has been written as part of the activities of the Science Advisory Board, a public
advisory group providing extramura scientific information and advice to the Adminisirator and other
officias of the Environmenta Protection Agency. The Board is structured to provide baanced, expert
assessment of scientific matters related to problems facing the Agency. This report has not been
reviewed for approva by the Agency and, hence, the contents of this report do not necessarily
represent the views and policies of the Environmental Protection Agency, nor of other agenciesin the
Executive Branch of the Federd government, nor does mention of trade names or commercid products
congdtitute a recommendation for use.

Distribution and Availability: This Science Advisory Board report is provided to the EPA
Adminidrator, senior Agency management, gppropriate program staff, interested members of the
public, and is posted on the SAB website (www.epagov/sab). Information on its availability isaso
provided in the SAB’s monthly newdetter (Happenings at the Science Advisory Board). Additional
copies and further informetion are available from the SAB Staff.



ABSTRACT

Since radon is the principa contributor to effective dose to members of the generd public from
background radiation, the U. S. Environmenta Protection Agency (EPA) has devoted substantial
congderation to quantifying the risks from radon in homes. EPA has commissoned severd studiesto
develop models and risk estimates based on epidemiologic data from underground miners.

The Office of Radiation and Indoor Air (ORIA) derived arisk modd for resdential exposures
based on the models developed by the Nationd Academy of Sciences (NAS) Biologica Effects of
lonizing Radiation (BEIR) Committee. The Radiation Advisory Committee (RAC) of the Science
Advisory Board (SAB) reviewed the EPA mode and the methods of estimating lung cancer risk from
exposure to radon indoors.  The RAC agrees with ORIA's methodology in general. However, ORIA
did not adequately address the uncertaintiesin the risk estimates, in particular, model uncertainty.

The RAC recommends that ORIA address, at least quditatively, biologically-based models and
models which would result from gpplication of dternate statistical methodology to the miner data. In
addition, snce awide variety of userswill goply the ORIA point risk estimates to specific Stuations,
ORIA needs to make sure its methodol ogy, assumptions, and the limitations of the modd used are
trangparent. Lack of underganding of the uncertaintiesin the assessment could result in misuse of the
risk estimates.

KEYWORDS: Cancer Risks, Indoor Radon Exposures, Radon Models, Radon Risk



U.S. ENVIRONMENTAL PROTECTION AGENCY
SCIENCE ADVISORY BOARD
RADIATION ADVISORY COMMITTEE
FY00 ROSTER
CHAIR
Dr. Janet Johnson, Shepherd Miller, Inc., Ft. Collins, CO

MEMBERS
Dr. Lynn R. Anspaugh, University of Utah, Sdt Lake City, UT*

Dr. Vicki M. Bier, Univerdaty of Wisconsn, Madison, Wi

Dr. Bruce Boecker, Lovelace Respiratory Research Ingtitute, Albuguerque, NM?

Dr. Stephen L. Brown,R2C2 Risks of Radiation & Chemica Compounds, Oakland, CA
Dr. Gilles Bussod, Los Alamos Nationa Laboratory, Los Alamos, NM

Dr. ThomasF. Gesdll, Idaho State University, Pocatello, ID

Dr. Jill Lipoti, New Jersey Dept. Of Environmenta Protection, Trenton, NJ

Dr. Ellen Mangione, Colorado Department of Public Hedlth and Environment, Denver, CO
Dr. John W. Poston, Sr., Texas A&M University, College Station, TX®

Dr. Genevieve S. Roessler, Radiation Consultant, Elysan, MN

Environmental Health Committee L iaison
Dr. David G. Hoel, Medica Universty of South Carolina, Charleston, SC

CONSULTANTS
Dr. Richard W. Hornung, Ingtitute for Hedlth Policy and Hedlth Services Research, University of
Cincinnati, Cincinnati, OH*

Did not attend the meeting of November 14-16, 1999, but participated in the review.
Did not attend meeting of November 14-16, 1999, due to a schedule conflict.

Did not attend the meeting of November 14-16, 1999, due to illness.



Dr. Bobby R. Scott, Lovelace Respiratory Research Ingtitute, Albuquerque, NM

SCIENCE ADVISORY BOARD STAFFE
Dr. K. Jack Kooyoomjian, Designated Federa Officer, Science Advisory Board (1400A), US EPA,
1200 Pennsylvania Avenue, NW, Washington, DC 20460

Ms. Melanie Medina-Metzger, Designated Federd Officer, Science Advisory Board (1400A), US
EPA, 1200 Pennsylvania Avenue, NW, Washington, DC 20460

Ms. Diana L. Pozun, Management Assistant, Science Advisory Board, USEPA (1400A), USEPA,
1200 Pennsylvania Avenue, NW, Washington, DC 20460



TABLE OF CONTENTS

1 EXECUTIVE SUMMARY . e e e e e 1
1.1  Quedtion#1: Arethe methodology and overal approach for assessing risks
fromradoninhomesadequate? . ......... ... 2
12  Question#2: Arethe assumptions behind the calculations appropriate? . .. ........ 2
1.3  Quedion#3. Have the limitations and uncertainties in the assessment been adequately
desCribed? . . .o 2
14 Issuesbeyondthecharge ... 2
2. INTRODUCTION . .ottt et e e et e e e e e e e 4
21 Background .. ... 5
2.2 OB ottt e 5
3. RESPONSETOTHE CHARGE . ... o e e 6
31 Charge QUESION HL . . ... 6
3.1.1 Modificationof theBEIRVIModd .......... ... ... ..., 6
3.1.2 Altenadive MOdES . . ... ..o 7
32 Charge QUESION A2 . . ..o e 8
321 Smokingand Other EXPOSUIES . . . ... oot e 8
3.2.2 Comparisons Between Mine and Home Environments. .. ............... 8
3.3 Charge QUESION 3 . . . oottt 9
331 ModdUncertanty . ......cvuii i 10
3.3.1.1 Evauation of Modd Uncertainty . ......................... 11
3.3.1.2 Specific Recommendationsfor ORIA . ..................... 12
332 SEgtVIty ANAYSS . .o 12
3.3.3 Uncetanty in ESimatesof Parameter Vaues ....................... 13
3.34 Impact of Background Radon Exposureson Risk Estimates ............ 13
34 Modd and Parameter Uncertainty . ..., 14
4. COMMENTSBEYOND THECHARGE . ... .. e 15
4.1 Potentid Use of the Radon Risk Assessment Document . ... ...t 15
42 Condderaionof 2ORN. ........... . . ... 16
4.3 Useof IncidenceVersusMortdityData. . ... .. ..o 17
44 Vdidationof Radon RISKMOdES ... ... 17
A5 EXPOSTION . . ot ettt e e e 17
451 Deivaionof EQUaIONS . ....... ...t 17
452 SpedificTeXt CONCAINS . ...ttt e 18
REFERENCES . ... e e e e e e R-1



APPENDIX A - EDITORIAL AND TECHNICAL COMMENTS ............ ... . ...

A.1 Generd Comments

A.2 Specific Commentson Mode Uncertainty . .. ..o

APPENDIX B - ACRONYMS



1. EXECUTIVE SUMMARY

Radon isthe principa contributor to effective dose to members of the generd public from
background radiation. Therefore, EPA has devoted substantial consideration to the subject of risk from
radon in homes. EPA commissioned astudy by the Nationa Academy of Sciences (NAS) Nationa
Research Council (NRC), Biologica Effects of lonizing Radiation (BEIR) Committee which resulted in
publication of the BEIR IV Report, Health Risks of Radon and Other Internally Deposited Alpha
Emitters (NAS 1988). In 1994, the EPA asked the NAS to revisit the risk assessment for indoor
radon based on an expanded analyss of data on cancer risk to uranium miners and incorporation of the
information available from indoor radon epidemiologic sudies. The NAS published its revised risk
moddsin early 1999 inits BEIR VI Report, Health Effects of Exposure to Radon (NAS, 1999).

EPA isnow revisng its assessment of risks of indoor radon in light of the BEIR VI Committee
Report (NAS, 1999). The EPA Office of Radiation and Indoor Air (ORIA), in an extension of BEIR
VI methodology, estimated specific risk coefficients and modified the estimate of the numbers of lung
cancer desths attributable to radon in its Draft Assessment of Risk from Radon in Homes (EPA, 1999).

ORIA requested that the Radiation Advisory Committee (RAC) of the Science Advisory
Board (SAB) review its methodology for estimating cancer risks from exposure to radon in homes. In
March 1999, the RAC engaged in an initid advisory on this subject. Although the RAC found the
methodology to be acceptable in generd, the RAC Advisory, findized in July 1999 (SAB, 1999),
included recommendations for some adjustments to the ORIA methodology. ORIA responded to
those recommendations in its Draft Assessment of Risks from Radon in Homes (EPA, 1999).

The RAC met in Washington DC on November 16, 17, and 18, 1999 for areview of the
revised ORIA radon risk assessment methodology. A draft RAC review report was prepared a the
November meeting, with atechnica editing sesson conducted by a telephone conference on December
10, 1999. The RAC's responses to the specific charge questions from the Agency are summarized
below and discussed in detall in Section 3 of thisreport. The RAC aso addressed issues beyond the
charge, as presented in Section 4.

In generd, the RAC found that ORIA has produced a credible risk assessment and has
responded well to the recommendations provided by the RAC inits Advisory (SAB, 1999). The Draft
ORIA document is, for the most part, well-written and documented and will be useful guidance for
conducting radon risk assessments.



1.1 Question #1: Arethe methodology and overall approach for assessing risksfrom
radon in homes adequate?

The RAC found that, in generd, ORIA's methodology and overall approach for assessing risk
from radon in homesis adegquate. Two models were derived by the BEIR VI Committee, one
dependent on radon decay product concentration, and one dependent on duration of exposure. The
BEIR VI Committee did not select a preferred model. The RAC, inits Advisory (SAB, 1999),
recommended that ORIA derive amodel intermediate between the two BEIR VI models. In response
to that advice, ORIA scaled the BEIR VI concentration model (SC modd) to give risk estimates
intermediate between the estimates based on the BEIR VI concentration and duration moddls. The
RAC agrees that the scaed (intermediate) model, while not the only choice, is reasonable; however, the
draft ORIA document is not completely clear on how the intermediate modd was derived and does not
fully justify itsuse. Although ORIA's use of the BEIR VI model as abassfor therisk assessment is
reasonable, the risk assessment should aso include a discussion of biologically-based modes aswell as
other credible modes which could be applied to the epidemiologic data to assessrisks. These
additionad modds should be included in the characterization of mode uncertainty.

The RAC supports the decisions by ORIA to derive estimates of etiologic risk, expand the
treatment of smoking prevaence by age, and delete a proposed basdline adjustment.

1.2  Question #2: Arethe assumptions behind the calculations appropriate?

The RAC found that, in generd, the assumptions used by ORIA in the cdculations are
gppropriate. ORIA's discussion of the assumptions about the effect of smoking on radon risk should be
clarified and ORIA should further consider the issues of changesin smoking prevaence and the impacts
of other lung carcinogens on risk. ORIA should aso provide more focus on the factor, K, which
relates the radiation dose per unit exposure in homes to the dose per unit exposure in mines. In
particular, ORIA should consider how the K factor would change under specific exposure conditions.
The BEIR VI Committee assumed that the K factor is equd to 1.

1.3  Question #3;. Havethelimitationsand uncertaintiesin the assessment been
adequately described?

The RAC was pleased with the expansion of the uncertainty andyss from theinitia trestment in
the White Paper. However, the RAC is concerned that EPA limited the andysis to the more easly
quantifiable uncertainties and did not provide a strong sense of the overal uncertainties, which would
include modd uncertainty and other unquantified uncertainties. Specificaly, modd uncertainty is not
adequately addressed in the draft risk assessment. The RAC recommends that model uncertainty be
addressed in more detail in the risk assessment document and that ORIA include adiscussion of
uncertainties in radon risk estimates in any document based on the risk assessment.



1.4  Issuesbeyond thecharge

The RAC has several recommendations related to the draft risk assessment document that do
not drictly apply to the three main charge questions. These recommendations, related primarily to
enhancing the potentia usefulness of the ORIA risk assessments for awide variety of applications,

indude the fallowing:

a) The potential use of the document by various disparate groups (e.g., State regulators,
home builders, educators, and public hedth officids) should be taken into account;

b) risks from??*Rn should be given some additional consideration in the risk assessment;

) while the RAC recognizes tha the information avallable for the minersis limited to
mortality data, for future risk assessments ORIA should use incidence data whenever
possible, consstent with EPA's treetment of chemica carcinogens,

d) in the future, ORIA should seek further opportunities to vaidate its radon mode against
observations in resdentia populations; and

€) the document should be expanded to render the methodology more transparent by

including complete derivations of equations and explaining termsin text aswdl as
defining them in mathematica form.

The modd should be readily adaptable to populations that do not match the characteritics of
the gationary U.S. population used and the assumed congtant lifetime exposure inherent in deriving the
average risk coefficients and etiologic fractions that appear to be the principa outputs of the current

effort.



2. INTRODUCTION

Radon, through its decay products, is effectively the largest contributor of natural background
radiation exposure to humans. The effective radiation dose from this source generaly exceeds the limits
for radiation exposure for the generd public from nonbackground sources. It is appropriate that the
EPA give adequate consideration to the subject of risk from radon exposure in homes. (Note: For
clarity in thisreport, references to radon are assumed to include its short-lived decay products.)

The Environmental Protection Agency’s (EPA) Office of Radiation and Indoor Air (ORIA) has
revised its methodology for estimating cancer risks from expaosure to radon in homes in accordance with
the recently published Nationd Academy of Sciences (NAS) report, Health Effects of Exposure to
Radon: BEIR VI (NAS, 1999). At thereguest of ORIA, the Radiation Advisory Committee (RAC) of
the Science Advisory Board (SAB) reviewed ORIA's methodology as described in its Draft
Assessment of Risks from Radon in Homes (EPA, 1999).

In March 1999, the RAC engaged in an initid advisory regarding ORIA's methodology for
assessing risks of radon in homes, based on a white paper submitted to the RAC. In this Advisory,
published in July 1999 (SAB, 1999), the RAC provided guidance during the development of the risk
assessment methodol ogy .

The RAC met in Washington DC on November 16, 17, and 18, 1999 for a briefing and
discussion of ORIA's radon risk assessment methodology presented in the draft Assessment of Risks
from Radon in Homes (EPA, 1999). A draft RAC review report was prepared at the November
meeting based on face-to-face discussions and incorporating written comments submitted in advance of
the meeting. The draft RAC report, Review of Assessment of Risks from Radon in Homes, was
edited and distributed to the RAC on November 23, 1999. A second draft was prepared on
December 5, 1999 and digtributed to the RAC M/C for their review at the technical editing
teleconference of December 10, 1999.

The RAC review focused on specific questions posed by ORIA in its chargeto the RAC
(Section 2.2), including the appropriateness of the modedls and assumptions used, aswel as the
adequacy of the evaluation of uncertainty in the assessment of risk. The RAC aso addressed issues
beyond the chargein itsreview.

In generd, the RAC found that ORIA's Draft Assessment of Risk from Radon in Homes
(EPA, 1999) iswell done and isavery useful extension of the BEIR VI Committee Report (NAS,
1999). The subject is complex, but the ORIA staff has done an excellent job in dedling with this task.
The RAC notes that ORIA took into account the recommendations provided in its Advisory (SAB,
1999).



Itislikely that the ORIA document will be very carefully scrutinized, thus it must have ahigh
degree of credibility, and the methods by which the risks are derived must be transparent. ORIA'srisk
assessment will provide a strong badis for estimating risks in support of rulemaking and public
information programs. Some issues that remain to be addressed are presented in Section 3 in response
to specific questionsin the charge, and in Section 4, which dedl's with issues beyond the charge.

2.1 Background

EPA’s guidance on risks associated with radon in homes has been developed based on the risk
assessment model's published in two National Academy of Sciences (NAS) reports. The firdt, Health
Effects of Exposure to Radon and Other Internally Deposited Alpha-Emitters. BEIR IV (NAS,
1988), developed empiricd models for estimating risk from inhaation of radon and its decay products
based on four sets of underground miner epidemiologica data; the second, Compar ative Dosimetry
of Radon in Mines and Homes (NAS, 1991), provided modifications to the BEIR IV modelsto
account for differences between occupationa and resdential exposures. A third NAS report,
published in 1994, Health Effects of Exposure to Radon: Time for Reassessment? (NAS, 1994),
reviewed the new information available and suggested that the BEIR 1V assessment be revisited and
updated to take into account additiona miner data and the data devel oped from residentid studies. As
a consequence, the NAS published a new, EPA-sponsored report on health risks associated with
resdentia radon exposure, Health Effects of Exposure to Radon: BEIR VI (NAS, 1999). EPA is
revising its assessment of risks from indoor radon based on the recommendations and models in the
BEIR VI Report.

2.2 Charge
The specific charge to the RAC for this review was to respond to the following questions:

a) Are the methodology and the overal gpproach for ng risks from radon in homes
adequate?

b) Are the assumptions behind the ca cul ations appropriate?
) Have the limitations and uncertainties in the assessment been adequately described?

The RAC's response to the charge and a discussion of issues beyond the charge are contained
in the following sections of this report.



3. RESPONSE TO THE CHARGE

In genera, ORIA has produced a credible risk assessment and has responded well to RAC
comments presented in its Advisory on Assessing Risks from Indoor Radon (SAB, 1999). The draft
ORIA document is, with some exceptions described in detail below, well-written and documented and
will be useful guidance for conducting radon risk assessments. The RAC recognizes additiond aress
where the document could be improved, as explained in the responses to the specific questionsin the
charge.

3.1 Charge Question #1
Arethe methodology and overall approach for assessing risks from radon in homes adequate?

In generd, ORIA's methodology and overal gpproach for assessing risks from radon in homes
isadequate. ORIA'srisk assessment is an extension of the methodology developed by the NAS BEIR
VI Committee (NAS, 1999). The extension was necessary in order to produce a document that would
be ussful in assessing risks from resdentid radon for individuals and populations.

3.1.1 Maodification of the BEIR VI Model

The BEIR VI Committee proposed two models for residentia radon risks: one which included
an "effect-modification factor" dependent on radon decay product concentration (concentration model)
and a second modd with an "effect-modification factor" dependent on exposure duration (duration
model). These factors account for a dose-rate effect. The BEIR VI Committee did not select a
preferred modd stating only that the “models were equdly preferred by the Committeg” (NAS, 1999).
ORIA's use of amode that is intermediate between the BEIR VI concentration and duration moddsis
respongve to the advice contained in the RAC Advisory. However, the method and judtification of the
method of deriving the intermediate modd should be clearer. The derivation should be more explicitin
the text or should be included as an gppendix to the document showing more detailed calculations.

The RAC supports ORIA's selection of ascaled BEIR VI concentration (SC) modd asa
practical choice, given the caculationd difficulties of developing amodd thet is free from bias imposed
by the sdlection of cut points for concentration or duration of exposure intervals. The RAC aso
supports the other adjustments made to the BEIR VI concentration model to derive estimates of the
etiologic risk* and to expand the treatment of smoking prevaence by age. In addition, the RAC
supports ORIA’s decision to drop its previoudy proposed basdline adjustment, with arecommendation

! Etiologic risk, as used in this Report, is defined as the probability of dying prematurely from a
radon-induced lung cancer.



that the explanation of this decison given in Appendix B be strengthened. Findly, the RAC strongly
supports the estimation of etiologic fractior? and average years of life lost per radon-induced lung
cancer degth as a supplement to the estimates of lifetime risk per working level month (WLM) and the
edimation of the annua number of lung cancer deeths attributable to radon in homes. All of these
estimates are useful for evauating risks to subsets of the population, such asthose in aparticular

geographic region or with a particular pattern of exposure.

ORIA's use of age-specific smoking prevalence datais a significant improvement over the
BEIR VI andyss. Thismodification will alow the mode to be adjusted as smoking patterns change in
the generd population. Even asmdl reduction in risk, due to a decrease in smoking prevaence, could
be an incentive to promote the trend.

3.1.2 Alternative Modes

The BEIR VI Committee estimated lung cancer risks from radon exposures in the home using
empirica regresson models based on uranium miner lung cancer mortaity data. However, there are
reports in the most recent literature and active research in the construction and application of
biologically-based cancer models. Severa researchers studying radon cancer risks have specificaly
gpplied the two-stage clona expansion modd of cancer that has been shown to describe, generdly,
both epidemiologica and experimenta cancer data (L uebeck et ., 1999; L eenhouts, 1999,
Moolgavkar, 1993). Thismodd consders the effect of the carcinogen on the initiation, transformation
and proliferation of cellsin the multistage development of cancer. Assuch it dlows the interpretation of
datain terms of relevant biologica eventsin the cancer process.

In gpplications to the Colorado uranium miners, detailed modeling has incorporated data on
both smoking rates and radon exposures (Leenhouts, 1999; Moolgavkar, 1993). The fitted two-stage
mode showed an inverse dose-rate effect at higher doses aswell as sub-multiplicative effects of
smoking and radon exposure. Therisks, however, differed from those obtained by BEIR VI using
empirica regression descriptions of the miner cohorts. ORIA should include a discussion of the
biologicaly-based moded's and especialy take into account model specification in its uncertainty andyss
that may actudly be the grestest source of uncertainty in risk estimation.

With the publication of Federad Guidance Report No. 11 (EPA, 1988) and the prior statement
sgned by President Reagan and published in the Federa Regigter, the Federd Radiation Council
(EPA/FRC) had essentialy endorsed the risk assessment and radiation protection concepts of the
Internationa Commission on Radiological Protection (ICRP). However, the ICRP, inits Publication
65 (ICRP, 1993) has adopted a quite different approach in its assessment of risk from radon. The

2 Etiologic fraction is defined as the fraction of lung cancer deaths in the exposed population in
which radon played some causative role.



ORIA document should discuss how the gpplication of these two gpproaches differsin terms of the
result.

Deveoping scientificaly vaid risk estimates for cancer induction via resdentia radon exposure
isasggnificant undertaking. ORIA is making good progress toward developing acceptable risk
edimates for lung cancer induction based on the BEIR VI modds. Significant challenges till remain,
especidly related to evauating dternative models in the context of their associated uncertainties.
ORIA'streatment of uncertainty is discussed in detail in Section 3.3 of this report.

3.2 Charge Question #2
Arethe assumptions behind the calculations appropriate?

The assumptions ORIA used in the calculaions are, in generd, appropriate. Obvioudy, the
assumptions made in gpplying the models are crucid in determining the risks from residentid radon. In
some cases, specific parameter values were determined by EPA risk assessment guidance. The RAC
concerns regarding some of the assumptions used in the ORIA radon risk assessment are described
below.

3.2.1 Smoking and Other Exposures

As suggested in the response to the first part of the charge, assumptions about the composition
of the U.S. population and its patterns of exposure are necessary to estimate overall risk coefficients
and etiologic fractions. ORIA’s choices are reasonable. However, ORIA’s discussion of the
assumptions about the effects of smoking on radon risk needsto be clarified. Thetext isnot clear
about the difference between the relative risks of lung cancer deaths cited for ever smokers versus
never smokers (p. 36) and the relative risks cited for current smokers versus nonsmokers (p. 35). The
assumptions that underlie the rdlative risk modd are unclear, specificadly, regarding exposures other
than radon and tobacco smoke. Agents that could affect lung cancer risk include asbestos, heavy
metals, polyaromatic hydrocarbons (PAHSs), crystaline silica, and radionuclides other than radon decay
products.

Recent data show that smoking rates among young people are stable or increasing. ORIA
should consider how this trend might affect the comparisons among never smokers, ever smokers,
former smokers, and individuas exposed to second-hand smoke. The implications of changesin
smoking rates for young people could be examined on the basis of gender, smilarly to the discusson on
pages 13-14 of the assessment about the male ever-smoking prevaence reaching 74 percent at age 70
years, compared to 58 percent for al adult males.

3.2.2 Comparisons Between Mine and Home Environments



The variability and uncertainty in the "K" factor thet is key to the risk assessment should be
addressed. K adjuststhe dose of dpha energy per unit exposure for minersto aprojected doseto
other population groups (NAS, 1999), taking into account exposure factors such as



aerosol size digtribution, bronchia morphometry, depositiond pattern and clearance rate, and dose-
response factors such as exposure rate, age at exposure and at risk, sex, and smoking.

K = [Dose(home)/Exposure(home)]/[ Dose(mine)/Exposure(mine)]

The BEIR IV Committeeinitidly assumed that the dose per working level month (WLM) isthe
same for occupational and environmental settings (NAS, 1988). 1n 1991, the NAS published a
comparative assessment of radon in homes and mines (NAS, 1991) that proposed an adjustment
factor, K, of 0.7; that is, radon was presumed to be less effective in producing lung cancer in residentia
exposure Stuations than in the mine environment. This resulted in adownward revision of the EPA risk
estimates derived from the BEIR IV Report. However the BEIR VI Committee reviewed the data and
determined that avaue of 1 for K isreasonable (NAS, 1999).

The ORIA assessment should provide more focus on the components of K. If some of the
congderations do or do not gpply, depending on the Situation, then amore Stuation-specific vaue of K
might be appropriate. For example, ORIA should consider how K would be affected if breathing rates
differ for various levels of activity, based on indoor vs. outdoor work, hedth profile, or even dtitude or
cimate.

3.3 Charge Question #3
Have the limitations and uncertaintiesin the assessment been adequately described?

The Committee gpplauds the expansion of the uncertainty andyss from theinitid trestment in
the white paper and the addition of 90% uncertainty interva estimates on the estimates of risk per
WLM, etiologic fraction, and years of life lost per radon-induced (cancer) deeth (Table 18, page 46).
However, the RAC remains concerned that ORIA has limited the analyss to the more easly
quantifiable uncertainties and has not afforded the reader a good sense of the overal uncertainties that
include mode uncertainty and other uncertainties mentioned but not quantified.

The RAC notes severd specific issuesin regard to the limitations and uncertaintiesin ORIA's
risk assessment. In particular, model uncertainties are not adequately addressed. When ORIA issues
guidance documents or other information on radon risks based on the draft risk assessment, it should be
sure to include an gppropriate discusson of the uncertaintiesin the risk estimatesin addition to the point
centrd risk estimates. The choice of the SC mode, dthough responsive to the RAC's previous
recommendations, could appear arbitrary without a comprehensive discussion of the other models. The
RAC recognizes that a quantitative resolution of thisissue could require substantia work by ORIA. An
dternative approach would be to descriptively compare models rather than perform full-blown
mathematica comparisons.
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3.3.1 Modd Uncertainty

ORIA has done commendable work in producing risk estimates that for the first time account
for changesin smoking status with age, etiologic fraction, and average years of life lost per radon-
induced lung cancer degth. The uncertainties associated with various data sets and the qudity and
biases of their sources are adequately addressed athough the choice of scaled concentration (SC) is
not. Thisisimportant snce that modd isthe bass for the Monte Carlo andyses used to quantify the
uncertainties in the risk determinations. Standard statistical theory can be used to assess the various
uncertainties associated with parameter values and sampling variations. However, the andyssusing a
single model does not capture the uncertainty in our state of knowledge of the problem. In addition to
an overal assessment of the combined uncertainties from various data sources, uncertaintiesin the
choice of amode need to be addressed.

The ORIA draft document makes the case for using the SC mode in lieu of a Congtant Rdlative
Risk (CRR) model or other models proposed by the BEIR VI committee to describe risks from radon
inhomes. The RAC Advisory on the ORIA White Paper recommended that the EPA consider
developing amode that would yield point risk estimates intermediate between those derived using the
concentration and duration models. The RAC based that recommendation on severa factors:

a) the concentration model produced point risk estimates 40 percent higher than those
edimated using the duration modd;

b) the risk estimates, cited in the initiadl ORIA assessment were between the estimates
derived using the two BEIR modds, and

) the lack of agreement in risk estimates derived using the two BEIR VI models may have
been caused by the choice of arbitrary cutpoints for concentration and duration intervals
that are required when using Poisson regression to fit the Excess Relative Risk (ERR)
models.

While the RAC recommended that ORIA consder an “intermediate€’ modd , the choice of
which methodology to be use was left to ORIA. In response, ORIA used the geometric mean of the
edimated lung cancer fatdity risks per working level month (WLM) caculated from the BEIR VI
models to back-ca culate the exposure-response parameter value, or excess relative risk coefficient
($), for its scaled concentration(SC) model. The SC model derived by ORIA was then used to
cadculae point risk estimates in the assessment of risk from radon in homes.

As expected, the excess lung cancer risk estimates derived using the SC modd are intermediate
between those derived from the concentration and duration models of BEIR V1. Although the choice
of the SC modd to derive the risk estimatesis reasonable, it is still arbitrary. Thered risk may, in fact
be much doser to that derived using one of the origind BEIR VI models, or may even be outsde the
range of risks defined by those models. Therefore, the basis on which ORIA dismissed the reductionin
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the lower bound estimate of the risk, derived using the BEIR VI CRR approach (i.e., as a consequence
of sampling error), was subjective and should be further judtified.

3.3.1.1 Evaluation of Mode Uncertainty

Mode uncertainty represents alack of confidence that a specified modd isavalid formulation
of agiven assessment problem (NCRP, 1996). The term modd is used to indicate a functiona
relationship for the assessment endpoint, in this case lung cancer risk, that may be empiricd (eg., BEIR
V1 concentration and duration models, ORIA’s SC modd) or mechanigtic (e.g., multiple-mutation
models, genomic-ingtability models, multistage models, etc.)

The degree to which mode uncertainties can be determined depends on the field of interest and
the availability of computationd modeds available to thet discipline. Idedly, the modd user should
address the following issues:

a) Are the modes to be used in the risk assessment applicable and appropriate? Do the
models capture al of the requirements needed to assess the risk?

b) What are the rangesin the results obtained using the models? Thisinvolves performing
sengtivity analyses on each mode using identica parameter and input data and
boundary conditions. Thisis not aways feasble as different models may require
different inputs for the same problem. Logic and trangparency of choice of inputsis
criticd to thisandyss.

) If certain models produce extreme results, is there any evidence that these models do
not properly capture the basic factorsinvolved in the assessment? Are the models
outdated?

The best method for demonstrating model uncertainty is through modd vaidation procedures.
A mode invaidated by data clearly has model uncertainty. For example, amode may predict a
monotonic increasing trend when reliable data demonstrate a monotonic decreasing trend. Model
validation requires that data not used to develop the model be used for modd vdidation. Such dataare
not dways available for modd testing. In the case of lung cancer risk from indoor exposures, the
results of epidemiological studies, recently completed and in progress, may, to some degree, provide
that data. Additiond comments on modd uncertainties are provided in Appendix A.2

For more information about these quantitative methods and discussion of various Monte Carlo
smulation tools, ORIA can refer to NCRP Commentary No. 14, A Guide for Uncertainty Analysis
in dose and Risk Assessments Related to Environmental Contamination (NCRP, 1996) and
NCRP Report No. 126, Uncertaintiesin Fatal Cancer Risk Estimates Used in Radiation
Protection (NCRP, 1997).
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3.3.1.2 Specific Recommendationsfor ORIA

The empirical BEIR VI models from which the ORIA SC modd was derived are based on
data from epidemiologic sudies of miners. The primary issue of whether the extrapolation of the miner
datato low doses and low dose rates is appropriate, has been the subject of considerable debate and
affects the credibility of ORIA’slung cancer risk estimates. In generd, this extrgpolation is consstent
with the mgority of data on resdentia exposure, dthough the negative results reported by B. Cohen
(1990; 1995) have received much attention. A notein the May 1999 issue of Health Physics by John
Goldsmith (1999), in which he discusses the confounding effects of the known correlation of cancer
incidence with population dendty, is an important addition to this debate. Goldsmith notes that this may
explain the anomaous results reported by Cohen (1990; 1995) and concludes that counties are not
appropriate population units for such astudy. ORIA’s discussion of the data reported by Cohen
(1990; 1995) should refer to the conclusions of Goldsmith (1999).

Other computer smulations and/or andytical solutions should be used when possble to
evauate the preferred mode results even if it is necessary to use less rigorous methods and subjective
judgement. The RAC bdlieves that comparison to other models would lend credibility to the ORIA risk
estimates derived from the SC model. ORIA should congder fitting the BEIR VI modd using Cox
proportiona hazards methodology which does not require categorization of exposure (\WLM),
duration, or concentration (WL) but can use individua exposure history or cumuletive exposure. The
Cox modd and Poisson regression would yield essentidly identicd resultsif the intervas used in the
Poisson regression were sufficiently smal. Alternatively, ORIA could use Poisson regression, but with
different, and smdler, exposure, duration, or concentration intervals. Either of these gpproaches would
produce excess relative risk coefficients that should result in risk estimates intermediate between those
derived using the concentration and duration BEIR VI models.

The data from on-going and recently completed epidemiologic sudies of lung cancer incidence
and indoor radon exposures should be used to vdidate ORIA’s models. These data may provide a
measure of modd uncertainty and lend credibility to the analyss.

The RAC recognizes the time resource limitations on ORIA. However, quantitative and
quditative approaches to addressng model uncertainty, such as those described above, should be
congdered for ORIA’s future modifications to the risk assessment. Any and dl information that can be
used in the evauation of uncertainty in mode choice should be presented, even if in aquditative
discusson.

3.3.2 Sendtivity Analysis
We commend ORIA for its use of modd sengtivity andyss. ORIA employed the sensitivity

andysisto estimate mode robustness by exploring the effect of parameter uncertainty and/or variability
on the Monte Carlo predictions. However, though convenient and easy to use, the Monte Carlo
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methods need to be carefully monitored and basdlined to ensure the integrity of the results and their
connection to physicd redity. Uncertainty does not resde solely in the degree of ignorance about the
precise value of a particular parameter but also the degree of ignorance associated with the choice of a
particular modd used to describe the data and make extragpolated risk predictions. Evenif it is not
feadble to evduate quantitatively the combined effects of dl sources of uncertainty affecting radon risk
edimates, a semiquantitative or, as alast resort, a quaitative evauation of the model choice should be
presented. Thiswould help clarify the robustness of the proposed risk assessment.

Simulation exercises that employ agorithms which use error estimation inputs (e.g., K-factor)
demondtrate that severa acceptable solutions can be obtained without any bearing on “redity”. For
example, the K-factor can be used to account for differencesin risk estimates due to varying
environmental conditions, but an exact uncertainty cannot be assigned to aunique K vaue. Asthe
mathematica formulation is undetermined, no degree of refinement can offset thisresult. Key
uncertainties in the estimates and model s could be reduced by considering a broader range of model
smulations and their consequences for extrapolating radon-induced effects to lower dose rates.

More recent and ongoing epidemiologic and experimentd research (eg., in Germany and The
Netherlands) could be considered for use in the evauation of the BEIR VI predictions. There may aso
be advantages in using other more mechanistic models for comparison with the SC modd (i.e,
biologically-based models). Some discussion of in vitro and related studies showing inverse dose rate
effects would be appropriate. References for such a discussion include Bettega et d. (1992), Elkind
(1994), Hall et a. (1991), and Scott (1997).

3.3.3 Uncertainty in Estimates of Parameter Values

Quantitative risk estimates based on extrapolated epidemiologica data require measures of
uncertainty. Early onin the ORIA document, readers should be warned that use of point risk estimates
without considering the associated uncertainties could result in mideading risk estimates.

One of the largest measures of uncertainty involves the estimation of the cohort member’s
expaosure to the carcinogen of interes, i.e., radon decay products. This clearly isthe case with the
uranium miner cohorts and should be included in any formulation of total risk estimation precison
involving the use of these radon exposed workers.

3.3.4 Impact of Background Radon Exposureson Risk Estimates
Asrequested by the RAC inits July 1999 Advisory (SAB, 1999), ORIA included a discussion
of the impact of background radon exposure on the miner-based risk estimates. The method by which

ORIA quantified thisimpact resulted in negative values for excess risk and the discussion of the impact
was less than trangparent. The problem may stem from a mis-specification of the model. For example,

15



an exponentid modd might have fewer specification problems than alinear modd, and describe the
impact of background radon exposure on risk estimates from empirical models more redigtically.

ORIA should explain the implications of the negative risk numbers obtained when the basdine
(or radon equal to zero case) is subtracted. Isit merely that there are so few cases of radon-induced
lung cancer a the low end of the age spectrum that the uncertainty encompassing the basdline includes
negative numbers, or isthere acondition for which the modd isnot vdid? Thisisnot Smply a matter
of proper derivation. A clear verba description of why the baseline does not need to be subtracted is
needed.

34  Mode and Parameter Uncertainty

Basad on these observations regarding modd uncertainty and parameter uncertainties, it is
important that risk predictions include the uncertainty in the choice of model used to describe the data
and quantify the predictive andyss aswel asthe uncertainty in the epidemiologic data and parameter
vaues. For context, the assessment might discuss briefly uncertainties surrounding other causes of
lung cancer (e.g., smoking aone or ashestos) compared to the uncertaintiesin radon-related lung
cancer risk estimates.
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4. COMMENTSBEYOND THE CHARGE

The RAC offers afew comments that do not strictly gpply to the three main charge questions.
The RAC's concerns are related primarily to enhancing the potentia usefulness of the ORIA risk
assessments for awide variety of gpplications.

4.1 Potential Use of the Radon Risk Assessment Document

Asnoted by the RAC inits Advisory, the foremost potentia use of the risk assessment
document may be to revise nationd estimates of radon risk for risk communication purposes (e.g., asin
the 1992 Citizens Guide to Radon). From the assessment narrative, it gppears that the uncertainties
related to the choice of therisk modd (i.e., concentration, duration, or an intermediate models) do not
dlow for more exact risk estimates at thistime. Any estimate of lung cancer risk related to resdentid
radon exposure is likely to be associated with large errors. The net result may involve bracketing a
risk range as was done previoudy.

The RAC continues to urge ORIA to make the modd more ble and trangparent to those
who wish to makerisk caculations for defined populations and exposure patterns. In particular, the
mode should be readily adaptable to populations that do not match the characteristics of the stationary
U.S. population and the assumed congant lifetime exposures that are inherent in deriving the average
risk coefficients and etiologic fractions that gppear to be the principa outputs of the current effort.

Although the section in the document on uncertainty is essential and (as discussed in Section
3.3) needs drengthening, to some audiencesit may suggest that the evidence for the carcinogenicity of
radon is poorer than for other environmenta factors treated as carcinogens, which is not the case.
However, failure to adequately discuss uncertainties could encourage users of the document to give
more weight than can be judtified to centrd risk estimates, leading to misuse of these estimates.
Perhaps some of the detalls of the uncertainty analysis could be moved to an gppendix, with the
uncertainty section focusing on the overdl reiability of the risk estimates.

While the purpose of ORIA's risk assessment document is to provide a scientific basis for
policy decisons, the audience has to be very carefully consdered. The types of audiences that are
likely to use the document include:

a) radon testers and mitigators, as atool to communicate risk to their clients,

b) red edtate agents/ attorneysinvolved in the sale of ahome,

C) physicians,
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d) public hedth officids, in setting priorities for their agencies,
e) federd and Sate regulators, in setting NEPPS godls,

f) Department of Energy, in determining gppropriate clean-up levels for contaminated
gtes,

0 lawyersin deding with compensation clams for uranium miners,

h) regulators, in setting Multimedia Mitigation (MMM) Program priorities to comply with
the radon in water dternate maximum contaminant limit (AMCL), and

i) tobacco companies, to demonstrate that their stand adone product is safe for use.

ORIA should dso congder how these audiences may misinterpret the document and what
advice it can give these users about the modd, its strengths and its limitations, and what would be afair
use of themodd. This goes beyond uncertainty or sengtivity to what the modd represents and how
accurately it can be assumed to represent risks. ORIA should aso consider how the model users can
help improve the model, perhaps by data gathering and reporting.  Although not necessarily a part of
the ORIA mandate, the Agency should be encouraged to consider developing models that are user
friendly and readily avalable, viathe internet, to potentid usersin thefidd aswell asin the generd
public.

It isdifficult to know what decisions might be made differently at the state level based on the
results of the assessment. For example, if EPA eventudly develops a different basis for setting cleanup
levelsfor radium in soils (p.2) using indoor radon risk pathways, numerous uranium-rel ated soil cleanup
decisons will be affected.

Some states have a congtituency of concerned uranium miners. With the Senate Judiciary
Committee having gpproved a bill to expand the Radiation Exposure Compensation Act to include
uranium millers, there may be increased interest in affected areas in how EPA is comparing miner/miller
risk to resdentia radon risk. Thisreinforcesthe RAC's suggestion in its Advisory that ORIA be clear
about how the find risk mode relates to Stuation-specific mixes of sex, age, and smoking behavior.

Some of the assumptions should be refined as new information becomes available from 2000
census data, from new smoking prevaence data, or from published indoor radon studies currently near
completion. Rather than present a static model, ORIA should consider how the model can be modified
or adapted to take advantage of the emergence of new data regarding factors such as equilibrium
fractions or the impacts of radon mitigation in homes.

4.2 Consideration of ?°Rn
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Nearly al of the draft ORIA document is devoted to 222Rn with 22°Rn mentioned only briefly.
Given the widespread distribution of 2%2Th and its decay products and their substantialy high
concentrations in some locations, it would seem agppropriate to devote some discussion to 2°Rn. The
RAC recognizesthat there are fewer available measurements and there are essentialy no
epidemiologica studies of exposure to 22°Rn, however, it would be useful to summarize the existing
information and to discuss, at least quditatively, the potentia risk from 22°Rn.

In justifying the exdlusion of 2°Rn from consideration in its risk assessment, ORIA states that
"...alower fraction of the released dpha particle energy is absorbed within target cdllsin the bronchia
epithelium than in the case of radon-222." While this satement, and a smilar one madein ICRP
Publication No. 50 (ICRP, 1987), may well be true, the reason isnot obvious. ORIA should, a a
minimum, consider amore comprehensive discussion of 2°Rn risks.

4.3 Useof Incidence Versus Mortality Data

There would be less uncertainty in the modes and the derived risk estimates if lung cancer
incidence data could be used in the analyss rather than lung cancer mortdity. In generd, adiagnoss of
lung cancer (incidence) is more accurately counted than alung cancer deeth that the deeth certificate
might attribute to contributing factors rather than lung cancer. The EPA evauates therisks for nearly
al other environmenta factors based on the incidence of adverse hedlth effects rather than mortality.
The RAC recognizes that the epidemiologic data available on the underground minersis limited to lung
cancer mortality; thus estimation of radon risk in terms of lung cancer incidence, based on the miner
data, isnot practical. However, for future assessments where both incidence and mortdity data are
available, the RAC srongly supports use of incidence datain developing radiation risk estimates.

4.4 Validation of Radon Risk Models

The Committee notes that disagreements persist about the degree to which model
extrapolations from observations in miners have been, or even can be, vaidated by comparison with
available data on residentia radon exposures and risks. Although ORIA should not be expected to
resolve thisissue in the current assessment, it should aggressively seek opportunities for mode
vdidation in the future. Otherwise, controversy among scientists will continue and public confidencein
the modes will suffer.

4.5 Exposition
Although the exposition is for the most part quite clear to those familiar with the radon risk
literature, and athough ORIA has added less technical text to help readers who are not experts, the

Committee found severd specific areas in which improvements in exposition would be vduable. The
more important ones follow.
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45.1 Derivation of Equations

A mgor concern with the ORIA draft risk assessment document is the difficulty in following the
caculations. In severd cases, the derivations are not included in the report. For example, the
equations used to caculate the etiologic fraction and the average years of lost life expectancy per
radon-induced lung cancer death are based on a quantity, S (a), which is defined somewhat
ambiguoudy as the surviva function adjusted for an incrementd increase in radon exposure. No
equaionsfor caculating S (a) areincluded. Asaresult, it isdifficult to determine whether the
methodology is reasonable. The adjustment in the surviva function should be more clearly explained
and the method of adjustment described either in the text or in an gppendix.

The equation for determining the lung cancer deeth rates for never smokersis given without a
derivation (page 13). Theillugtrations given (page 14) are dso confusing in that a parameter value
obtained in the firgt caculaion is rounded to 2 Sgnificant figures but expressed using 3 sgnificant figures
in the second caculation:

0.00052= 0.0044/[0.42 + 14(0.58)]
0.0072 = 14 x 0.000515

Adding to the confusion, is atypographica error in the second set of caculations: 0.00414
should be 0.000414.

In addition to including derivations of the equations in an gopendix, al notation in the text should
be defined in English aswell asin mathematica form. For example:

w* = effective cumulative exposure
* = effective dose response (or effective excess risk/\WWLM)

The ORIA risk assessment document will be read and critiqued by alarge number of
individuas with varying levels of experience with radon risk caculations and epidemiology. The
methodology used must be trangparent in order to minimize unwarranted criticiam. It was helpful to
include the derivation of the equations used in determining that the excluson of miners resdentiad
exposures would not sgnificantly affect the cdculated risks for indoor radon (Appendix B); however,
even in this case, severd steps were omitted in the derivation making it difficult to follow. The
gppendices should be expanded to include derivations of dl unique equations used in the risk
assessment. 1t will not be necessary to include derivations of equations obtained from BEIR VI,
however, the methodology for adjusting the BEIR VI concentration modd should be explicitly
described in an gppendix.

45.2 Specific Text Concerns
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Specific substantive concerns with the text are given below.

Page 7, second paragraph under IVA: The inverse dose rate effect will seem counterintuitive to
many people not familiar with the literature. Some discusson of mechanisms that might lead to such a
behavior would be vauable.

Page 11, third paragraph: This draft continues to note the “biologicd implaushility” of the
Cohen study. Although probably in the minority, a substantia number of credible scientists do not
sharethisview. Moreover, no explanation is given for the speculation that radon levels might be
inversdy correlated with smoking, and it is certainly not an intuitively compelling concluson.  Although
the meta-analysis of case-control studies does provide support for the extrapolation from the miner
studies, it too can be criticized, and more explanation is required on why ORIA assigns essentidly zero
probability to the threshold/hormesis hypothess.

The BEIR VI modds are based on alinear-multiplicative relaionship between radon exposure
and risk with no threshold. That is, the risk per unit exposure is congtant within specific smoking,
exposure, and age categories, with amultiplier used to adjust risk among categories. However, the
BEIR VI Committee dso noted that "dternative exposure-risk rdaions, including relations with a
threshold, may be operative at the lowest exposures' (NAS, 1999). The potential for athreshold for
radon-induced lung cancer should be discussed in the ORIA uncertainty analyss.

Page 42, end of Section 1: The nomina vaue for the average residentia radon concentration
and the mean vaue for its digribution are different. ORIA should, a a minimum, better explain this
difference and perhaps rethink its decison. The sameistrue for some of the other quantified
uncertainties.

Page 50, Section 4: Because dl of ORIA’s quantitative estimates are for lifetime exposure to a
constant concentration, it seems ingppropriate to refer to the uncertainty due to age at first exposure.
Moreover, even if ORIA isintending for the uncertainty to gpply to age-specific risk estimates, if the
Chinese tin miners showed a factor of two difference between children and adults, perhaps the median
should be adjusted downward before gpplying a distribution with geometric standard deviation (gsd) of
2.
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APPENDIX A - EDITORIAL AND TECHNICAL COMMENTS

A.1l General Comments:

a

Should Systeme Internationde (SI) units be used? Therisk coefficients given in Federd
Guidance Report No. 13 (FGR-13) arein Sl units. There are only afew placeswhere
traditiona units would be appropriate, e.g., where reference is made to BEIR V1, it would be
necessary to use pCi L. Radon decay product concentrations are commonly expressed in
units of working levels (WL) inthe U.S. In the rest of the world, the quantity is potentid dpha
energy concentration (PAEC) expressed in joules per m?® (I m®) of air.

Use negative exponents, e.g., Bq — instead of Bg/n.
Should firgt person, which is used only seldom, be replaced by third person?

In the entire document there is no consistency concerning when an acronym is defined and then
used, eg., ever smoking (ES). Once it is defined the acronym should be used consistently.

Radon decay products should be referred to consistently throughout the document, i.e., either
radon decay products (RDP), radon daughters, or radon progeny. Using these three terms
interchangeably could cause confusion, particularly for individuas who have only asmal degree
of expertisein thisfield. The consstent use of the term radon decay productsis preferred.

The term working level (WL) is defined as the concentration of radon decay productsin air. It
isnot aunit of exposure rate. It only becomes ameasure of exposure rate when the conditions
of exposure are specified. Table 3 on page 8 was taken directly from Table A-4 of BEIR VI
which does express exposure rate as WL. However, at the very least, Table 3 in the EPA risk
document should include an explanatory footnote acknowledging that WL is not a unit of
exposure rate, but under a specific condition, such as resdential exposure, WL isameasure of
exposure rate.

Equeations should be numbered throughout the text as they are up to page 13.

Some of age axes of graphs extend to 100 y and someto 120 y. It would be desirable to be
consgtent to facilitate comparisons.

The axesin Figures 2 through 7 are hard to see. They should be redrawn.

A.2 Specific Commentson Model Uncertainty

Rardly, if ever, can dternative empirica models be consdered to represent “true’ models

(NCRP, 1996). However, if among the dternative empirical models there is a preferred modd (eg.,
BEIR VI CM or ORIA SC moddl), then expert-based correction terms can be used on the model
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output, thereby modifying the output to account for modd uncertainty subjectively (NCRP, 1996). The
quantification of the state of knowledge of the correction terms may be afunction of the model output
or itsinput. Generdly, the set of dternative moddsis only an approximeate characterization of the state
of knowledge, since the selected set isonly asmal subset of the full set of dl possible dternative
models. However, no one ever attemptsto find afull set of al possible aternatives for epidemiologica
models. One lifetime may be insufficient for such an adventure.

Occasiondly, uncertainties about modd structure are combined with uncertainties about model
parameters. 1n such cases, two approaches can be used (NCRP, 1996).

1

2)

In cases where the mode uncertainty is not assumed to be the dominant uncertainty, the
subjective probability distributions that are pecified for the uncertain parameters can be
modified by expert judgement and made sufficiently wide to include the effects of modd
uncertainty. When modd uncertainty is dominant, it would be difficult to contain it
within the uncertainty assgned to model parameters.  An example of acase wherethe
modd uncertainty was not the dominant factor is described in the Nationa Council on
Radiation Protection and Measurements (NCRP) Report 126 (NCRP, 1997). For
low doses of low-LET radiation, the uncertainty range for the dose and dose rate
effectiveness factor (DDREF) was expanded to account (subjectively) for model
uncertainty. The expanded uncertainty range was intended to account for dl

reasonable linear and sublinear modd s for atomic bomb survivor data. A threshold
mode was ruled out based on the data.

Subjective probability distributions that quantify uncertainty in model output can be
obtained via expert judgement. These distributions can then be used to adjust the
distribution for modedl parameters through mode fitting procedures (Cooke and Vogt,
1990; NCRP 1996). In the past, this gpproach has been limited to rdatively smple
models (NCRP, 1996).
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APPENDIX B -ACRONYMS

Alternate M aximum Contamination Limit

Biologica Effects of 1onizing Radiation Committee Report 1V, Health Risks of Radon
and other Internally Deposited Alpha-Emitters

Biological Effectsof lonizing Radiation Committee Report VI, Health Effects of
Exposure to Radon

Becguerd [The specid name for the SI (Systeme Internationde of units) unit of
radioactivity (1 Bq = 1 disintegration per second)]

Effective Dose Response (or effective excess risk/WLM)

Curies [Nudlear transformations (disntegrations). The specid unit of activity: One curie
equals 3.7X 10 disintegrations per second.]

Congant Relative Risk (moddl)

Environmentd Protection Agency (U.S. EPA, or EPA)
Environmenta Radiation Ambient Monitoring System
Excess Rdative Risk

Ever Smoker

Federa Guidance Report

Geometric Standard Deviation

Internationa Commission on Radiologica Protection

The factor which relates the dose per unit exposure in homes to the dose per unit
exposure in mines (BEIR VI assumed that the K factor isequal to 1)

Liter
Meter
Cubic Meter

Multimedia Mitigation Program
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NAS Nationd Academy of Sciences

NEPPS Nationd Environmental Performance Partnership System

NRC Nationa Research Counail

NS Never Smoker

ORIA Office of Rediation and Indoor Air (U.S. EPA/ORIA)

PAEC Potentia Alpha Energy Concentration (expressed on joules per e of air)
P pico [10*9] in combination with specific units (e.g., pCi L Pico Curie per Liter)
PAHSs Polynuclear Aeromatic Hydrocarbons

RAC Radiation Advisory Committee (U.S. EPA/SAB/RAC)

RDP Radon Decay Products

Rn Radon, as an element, or as an isotope (e.g., **°Rn, ?’Rn, %*?Rn)

SC Scaled Concentration (Modd)

SAB Science Advisory Board (U.S. EPA/SAB)

S Systeme Internationde Units

Th Thorium, as an eement or as an isotope (e.g., ®Th, 2°Th, Z2°Th, #2/Th)
w* Effective Cumulative Exposure

wW Exposures (expressed as W, and W,, €tc.)

WL Working Leve (radon decay product concentration)

WLM Working Level Month (radon decay product exposure)
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